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7) ABSTRACT

An organic electroluminescent display panel includes one or
more organic electroluminescent elements and a substrate
supporting them. Each organic electroluminescent element
has first and second display electrodes and one or more
organic functional layers of organic compounds sandwiched
and layered between the first and second display electrodes,
the organic functional layers including a light-emitting layer.
Such display panel has a high-molecular compound film
covering the organic electroluminescent elements and a
surface of the substrate around the one or more organic
electroluminescent elements; and an inorganic barrier film
covering the high-molecular compound film, an edge
thereof, and a surface of the substrate around the high-
molecular compound film.

15

10

m —_|

RZ



Patent Application Publication Oct. 6,2005 Sheet 1 of 6 US 2005/0218796 A1l

10

FIG. 1

16S

16P




Patent Application Publication Oct. 6,2005 Sheet 2 of 6 US 2005/0218796 A1l

10

FIG. 2




US 2005/0218796 A1

Patent Application Publication Oct. 6, 2005 Sheet 3 of 6




US 2005/0218796 A1

Patent Application Publication Oct. 6, 2005 Sheet 4 of 6



US 2005/0218796 A1

Patent Application Publication Oct. 6, 2005 Sheet 5 of 6

Sl

Aviyv 13XI1d

G 914

\
<y 01
9



Patent Application Publication Oct. 6,2005 Sheet 6 of 6 US 2005/0218796 A1l

N
N

10

7\\’?

FIG. 6

16S

16P

I

T wl




US 2005/0218796 Al

ORGANIC ELECTROLUMINESCENCE DISPLAY
PANEL AND METHOD FOR MANUFACTURING
THE SAME

TECHNICAL FIELD

[0001] The present invention relates to an organic elec-
troluminescent element (hereinafter referred to as an organic
EL clement) comprising one or more organic thin films
(hereinafter referred to as an organic functional layer)
including a light-emitting layer consisting of organic com-
pound material which exhibits electroluminescence when
electrical current is injected thereto. More particularly, the
present invention relates to an electroluminescent display
panel (hereinafter referred to as organic EL display panel)
with one or more organic EL elements formed on a substrate.

BACKGROUND ART

[0002] The organic EL element fundamentally comprises
an anode and a cathode with one or more organic functional
layers layered between them. In the light-emitting layer of
the organic EL element, an electron and a hole injected from
both electrodes recombine with each other to form an
exciton. When the exciton changes its state from an excited
state to a basic state, it emits light. For example, an organic
EL element has an anodic transparent electrode, an organic
functional layer, and a cathodic metal electrode, which are
sequentially deposited on a transparent substrate so as to
emit light through the transparent substrate side. The organic
functional layer can be formed in a laminate form of a single
light-emitting layer, or of a three-layer structure which
includes an organic hole transport layer, a light-emitting
layer and an organic electron transport layer, or of a two-
layer structure which includes an organic hole transport
layer and a light-emitting layer. At least one of an electron
injection layer, a hole injection layer and a carrier block
layer may be inserted among the above-mentioned layered
layers and both electrodes.

[0003] As organic EL display panels, for example, the
matrix display type and the panel having a predetermined
luminescence pattern are well known.

[0004] When this organic EL element is exposed to the
atmosphere, it is easily degraded by water, gasses such as
oxygen, and some type of molecule in the operating envi-
ronment. In particular, the properties of the interface
between the electrode of the organic EL element and the
organic functional layer deteriorate markedly, and the lumi-
nescent properties, such as brightness and color, also dete-
riorate. To prevent such adverse influences, in the case of the
organic EL display panel, the organic EL element is sealed
with a single inorganic protective film, such as silicon oxide,
to restrain its deterioration. However, such a protective film
does not have sufficient barrier properties. That is, it is
impossible to avoid the generation of pinholes in the inor-
ganic barrier film. When pinholes are formed in the protec-
tive film, then water, oxygen or the like can penetrate the
film, and a non-luminescent spot of the organic EL element,
a so-called dark spot, spreads out.

DISCLOSURE OF INVENTION

[0005] Ttisan object of the present invention to provide an
organic EL element and an organic EL display panel having
an excellent shielding effect against oxygen, water or the
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like to protect the organic functional layer and the electrode
from them, and having degradation-resistant luminescent
properties.

[0006] According to the present invention, there is pro-
vided an organic electroluminescent display panel compris-
ing:

[0007] one or more organic electroluminescent ele-
ments each having first and second display elec-
trodes and one or more organic functional layers of
organic compounds sandwiched and layered
between said first and second display electrodes, the
organic functional layers including a light-emitting
layer; and

[0008] a substrate supporting said organic electrolu-
minescent ¢lements;,

[0009] a high-molecular compound film covering
said organic electroluminescent elements and a sur-
face of the substrate around said one or more organic
electroluminescent elements; and

[0010] an inorganic barrier film covering said high-
molecular compound film, an edge thereof, and a
surface of the substrate around said high-molecular
compound film.

[0011] In the organic electroluminescent display panel
according to the invention, said inorganic barrier film is
made of silicon nitride or silicon oxynitride or silicon oxide.

[0012] In the organic electroluminescent display panel
according to the invention, said inorganic barrier film is
formed by a plasma chemical vapor deposition process or a
sputter deposition process.

[0013] In the organic electroluminescent display panel
according to the invention, said high-molecular compound
film is formed by a plasma polymerization deposition pro-
cess or a chemical vapor deposition process.

[0014] In the organic electroluminescent display panel
according to the invention, said high-molecular compound
film is made of polyparaxylylene.

[0015] In the organic electroluminescent display panel
according to the invention, said substrate is a plastic sub-
strate made of a high-molecular compound.

[0016] The organic electroluminescent display panel
according to the invention further comprises an inorganic
barrier film previously formed on the plastic substrate so as
to cover a surface supporting said organic electrolumines-
cent elements on said plastic substrate.

[0017] According to the present invention, there is pro-
vided method of manufacturing an organic electrolumines-
cent display panel comprising one or more organic elec-
troluminescent elements and a substrate supporting the
organic electroluminescent elements, comprising the steps
of:

[0018] forming one or more organic electrolumines-
cent elements on a substrate, each having first and
second display electrodes and one or more organic
functional layers of organic compounds sandwiched
and layered between said first and second display
electrodes, the organic functional layers including a
light-emitting layer;
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[0019] forming a high-molecular compound film
having an area larger than a display area including
said organic electroluminescent elements so as to
cover said organic electroluminescent elements and
a surface of the substrate around said one or more
organic electroluminescent elements; and

[0020] forming an inorganic barrier film having an
area larger than the area of said high-molecular
compound film so as to cover said high-molecular
compound film, an edge thereof, and a surface of the
substrate around said high-molecular compound
film.

[0021] In the manufacturing method of the organic elec-
troluminescent display panel according to the invention, the
edge of said high-molecular compound film is so formed
that said edge becomes gradually thinner.

[0022] In the manufacturing method of the organic elec-
troluminescent display panel according to the invention, said
inorganic barrier film is made of silicon nitride or silicon
oxynitride or silicon oxide.

[0023] In the manufacturing method of the organic elec-
troluminescent display panel according to the invention, said
inorganic barrier film is formed by a plasma chemical vapor
deposition process or a sputter deposition process.

[0024] In the manufacturing method of the organic elec-
troluminescent display panel according to the invention, said
high-molecular compound film is formed by a plasma poly-
merization deposition process or a chemical vapor deposi-
tion process.

BRIEF DESCRIPTION OF DRAWINGS

[0025] FIG. 1 is a schematic perspective view of an
organic EL element according to an embodiment of the
present invention.

[0026] FIGS. 2-4 are schematic perspective views each
showing a substrate in the manufacturing process of an
organic EL display panel according to the present invention.

[0027] FIG. 5 is a partial enlarged rear view of an organic
EL display panel comprising a plurality of organic EL
elements according to another embodiment of the present
invention.

[0028] FIG. 6 is a schematic perspective view of an
organic EL element according to another embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0029] The inventor conducted experiments on a two-
layer sealed construction comprising a high-molecular com-
pound film and an inorganic barrier film for an organic EL
element because an inorganic barrier film cannot seal an
organic EL element sufficiently. The experiments were con-
ducted by changing the covering area of the high-molecular
compound film and the inorganic barrier film. As a result, it
was found that if the edge of the high-molecular compound
film near the organic EL element is not covered with the
inorganic barrier film, water and oxygen invade through the
edge of the exposed high-molecular compound film and
propagate in the high-molecular compound film to damage
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the organic EL element. Therefore, according to the present
invention, the edge of the high-molecular compound film is
covered with the inorganic barrier film, so water and oxygen
cannot enter the organic EL element through the edge of the
high-molecular compound film, and the organic EL element
is protected.

[0030] An exemplary embodiment of the present inven-
tion is described below with reference to the accompanying
drawings.

[0031] FIG. 1 shows an organic EL element D according
to an embodiment of the present invention. The organic EL
element of this embodiment comprises a first display elec-
trode 13 (i.e., anode of a transparent electrode), one or more
organic functional layers 14 containing a light-emitting layer
of an organic compound or more, and a second display
electrode 15 (i.e., cathode of a metallic electrode) formed on
a substrate 10 made of glass, or the like. In addition, the
organic EL element has a sealing film comprising a high-
molecular compound film 16P and an inorganic barrier film
16S so layered that it covers the back of the second display
electrode 15. The high-molecular compound film 16P covers
the organic EL element D and a surrounding surface R1 of
the substrate 10 encircling the organic EL element. The
inorganic barrier film 16S covers the high-molecular com-
pound film 16P and its edge E and a further surrounding
surface R2 of the substrate 10 encircling the high-molecular
compound film. The edge E of the high-molecular com-
pound film 16P is so formed that it becomes gradually
thinner so as to ensure the formation of a smooth inorganic
surface of the inorganic barrier film 16S. Any material can
be used for the substrate 10, so it can be selected from any
inorganic material such as glass and any organic material
such as a high-molecular compound.

[0032] For example, as shown in FIG. 2, in 2 manufac-
turing process for the organic EL element, the first display
electrode 13 consisting of indium-tin oxide (ITO) is evapo-
rated or sputtered on the substrate 10 to form a thin film. The
organic functional layers or laminate 14 is formed thereon
by evaporating a hole injection layer consisting of copper
phthalocyanine, a hole transport layer consisting of TPD
(triphenylamine derivative), a light-emitting layer consisting
of Alg3 (aluminum chelate complex), and an electron injec-
tion layer consisting of Li,O (lithium oxide) successively. In
addition, the second display electrode 15 made of aluminum
is formed by evaporation in such a manner that it faces the
electrode pattern of the transparent electrode 13 and the
organic functional layer 14.

[0033] Next, as shown in FIG. 3, a polyparaxylylene film
is formed as the high-molecular compound film 16P on the
organic EL element by the CVD (chemical vapor deposition)
method. In this case, the high-molecular compound film 16P
is formed on an area larger than a display area containing
pixels or the organic EL element by a first opening mask M1.

[0034] Next, as shown in FIG. 4, a silicon nitride film is
formed as the inorganic barrier film 16S on the high-
molecular compound film 16P by the plasma CVD (plasma
chemical vapor deposition) method. In this case, the organic
EL element shown in FIG. 1 is formed by forming the
inorganic barrier film 16S over an area larger than that of the
high-molecular compound film 16P by means of a second
opening mask M2. Because the aperture of second opening
mask M2 is larger than that of the first opening mask M1, the
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inorganic barrier film 16S is so formed that it covers the edge
of the high-molecular compound film 16P. A multilayer
construction having alternate layer of high-molecular com-
pound film 16P and inorganic barrier film 16S can be formed
by repeating the above process.

[0035] The plasma polymerizing process for forming the
high-molecular compound film 16P is a process in which
organic molecules are converted into a plasma state and are
polymerized by the coupling of the radicals generated. With
the plasma polymerizing process, if a monomer has a vapor
pressure, a fine, thin high-molecular compound film can be
obtained without using a special polymerizing group such as
a vinyl group. According to the embodiment, plasma poly-
merization is performed in an alternating current plasma
polymerizing device. However, a direct-current plasma pro-
cess using an anode and a cathode may also be used for
plasma polymerization.

[0036] Examples of the raw material for the high-molecu-
lar compound film include a hydrocarbon monomer, such as
methane, ethane, propane, butane, pentane, ethylene, pro-
pylene, butene, butadiene, acetylene, or methyl acetylene; a
silicon monomer, such as hexamethyldisiloxane, triethox-
yvinylsilane, polydimethylsiloxane, or tetramethoxysilane;
and a hydrogen fluoride monomer, such as tetrafluoroethyl-
ene. A high-molecular compound film substantially consist-
ing only of carbon and hydrogen is preferable because it can
form a fine, hard film free from pinholes. The ratio of atoms
(atomic composition ratio) of H/C=1.5 or smaller is prefer-
able because a three-dimensionally sufficiently cross-linked
high-molecular compound film having excellent properties
can be formed. Such a high-molecular compound film can be
formed by decreasing the amount of the hydrocarbon mono-
mer gas, by reducing the reaction pressure, and by increas-
ing the electric power applied. That is, by reducing the
reaction pressure and by increasing the electric power
applied, the decomposition energy per monomer unit
increases, so decomposition is accelerated and a cross-
linked high-molecular compound film can be formed. In
addition, a gas, such as hydrogen, inert gas or the like may
be used as a carrier gas.

[0037] A high-molecular compound film formed by CVD
(chemical vapor deposition) is preferable. Because a poly-
paraxylylene polymerized film, especially, a paraxylylene
polymerized film or a chlorinated paraxylylene polymerized
film, has extremely low gas and steam permeability, the
mixing in of impurities can be restrained and a uniform film
with fewer pinholes can be obtained. Examples of such
xylene resins are Palylene N (polyparaxylylene), Palylene C
(polymonochloroparaxylylene), and Palylene D (poly-
dichloroparaxylylene) commercially available from Union
Carbide Co., Ltd. in the U.S.A. Palylene C is preferable
because of its low gas permeability. However, Palylene N
will do because the SiN film is formed thereon. A high-
molecular compound film such as polyparaxylylene film can
be obtained by thermally decomposing a gas of a dimer
under reduced pressure.

[0038] In the experiments, a predetermined organic func-
tional layer was formed on the ITO anode surface of a glass
substrate, and an aluminum cathode film was formed
thereon to form an organic EL element. Next, a polyethylene
high-molecular compound film was formed by plasma poly-
merization so as to cover the organic EL element. In
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addition, an inorganic barrier film of silicon nitride was
formed on the entire surface thereof by plasma polymeriza-
tion deposition method so as to cover the edge of the
high-molecular compound film and the surrounding surface
of the substrate to form an organic EL display panel accord-
ing to the embodiment. For comparison’s sake, an organic
EL display panel in which the edge of the high-molecular
compound film protruded from the inorganic barrier film
was also formed. A 0.5 um-thick high-molecular compound
film was formed by plasma-polymerization from 20 SCCM
ethylene gas under the following conditions pressure was
0.9 Torr, RF power was 500 mW/cm®, frequency was 13.56
MHz, and temperature was room temperature. Its durability
was tested by measuring the spread of the dark spot of the
organic EL element in the atmosphere at 60° C. and 95%
RH. According to the embodiment, the dark spot did not
spread out, but the test piece for comparison showed the
spread of the dark spot.

[0039] FIG. 5 is a partial enlarged rear view of an organic
EL display panel comprising a plurality of organic EL
elements. The organic EL display panel comprises a plural-
ity of organic EL elements arranged in the form of a matrix
on the substrate 10. A row-electrode 13 (a first display
electrode of the anode) including a transparent electrode
layer, an organic functional layer, and a column electrode 15
(a second display electrode) including a metallic electrode
layer intersecting with said row electrode are formed suc-
cessively on the substrate 10. Each row electrode is formed
in the form of a band and arranged so that it is parallel with
an adjacent row electrode with a predetermined interval
between them. The same is true of the column electrodes. As
described above, the display panel of the matrix display type
has a picture display array comprising luminescent pixels of
a plurality of organic EL elements formed at intersections of
a plurality of rows and a plurality of columns. The organic
EL display panel may comprise a plurality of partition walls
7 installed in parallel between the organic EL elements
arranged on the substrate 10. The high-molecular compound
film 16P and the inorganic barrier film 16S are formed on the
second display electrode 15 and the partition wall 7 so as to
cover a plurality of organic EL elements. Luminescent spots
of red R, green G and blue B may be formed by selecting and
laminating organic functional layer materials appropriately.

[0040] FIG. 6 shows an organic EL element according to
another embodiment of the present invention. This organic
EL element is the same as that of the embodiment in FIG.
1 except that the substrate 10 is made of plastic using
synthetic resin, and its surface is covered with an inorganic
barrier film 22 on the substrate consisting of an inorganic
material, such as silicon nitride or silicon oxynitride or
silicon oxide. An organic EL element electrode is formed on
the inorganic barrier film 22 on the substrate. As the syn-
thetic resin substrate, a film of polyethylene terephthalate,
polyethylene-2,6-naphthalate, polycarbonate, polysulfone,
polyethersulfone, polyether ether ketone, polyphenoxyether,
polyalylate, fluororesin, polypropylene or the like can be
applied.

[0041] Tt is preferable that the surface of the plastic
substrate covered with the inorganic barrier film 22 on the
substrate includes at least a surface in contact with the
organic EL elements, a surface between the organic EL
elements, a surface around the organic EL elements, and a
surface on the reverse side of the surface in contact with the
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organic EL elements. These surfaces can prevent the inva-
sion of outgas or the like from the plastic substrate into the
organic functional layer. Warping of the plastic substrate can
be prevented by covering both sides of the plastic substrate
with the inorganic barrier film 22 on the substrate.

[0042] The above-mentioned embodiment employs
plasma CVD as the inorganic barrier film forming process.
However, any vapor deposition method, such as sputter
deposition or vacuum evaporation may be used, if so
desired.

[0043] In the case of the above-mentioned embodiment,
the organic EL display panel of the simple matrix display
type was described. The present invention is also applicable
to any panel substrate of the active matrix display type using
TFT (thin film transistors) or the like.

[0044] According to the present invention, it is possible to
prevent the invasion of water and oxygen through the edge
of the high-molecular compound film, and a sealing con-
struction with an efficient sealing effect against water and
oxygen can be achieved, so the organic EL element is
sufficiently protected. Therefore, a highly durable organic
EL display panel can be provided. In addition, a highly
reliable organic EL display panel can be provided by cov-
ering the edge of the high-molecular compound film of a
multilayer protective film with a protective film of inorganic
barrier film.

1. An organic electroluminescent display panel compris-
ing:

one or more organic electroluminescent elements each
having first and second display electrodes and one or
more organic functional layers of organic compounds
sandwiched and layered between said first and second
display electrodes, the organic functional layers includ-
ing a light-emitting layer; and

a substrate supporting said organic electroluminescent
clements;

a high-molecular compound film covering said organic
electroluminescent elements and a surface of the sub-
strate around said one or more organic electrolumines-
cent elements; and

an inorganic barrier film covering said high-molecular
compound film, an edge thereof, and a surface of the
substrate around said high-molecular compound film.

2. An organic electroluminescent display panel according
to claim 1, wherein said inorganic barrier film is made of
silicon nitride or silicon oxynitride or silicon oxide.

3. An organic electroluminescent display panel according
to claim 1 or 2, wherein said inorganic barrier film is formed
by a plasma chemical vapor deposition process or a sputter
deposition process.
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4. An organic electroluminescent display panel according
to any one of claims 1-3, wherein said high-molecular
compound film is formed by a plasma polymerization depo-
sition process or a chemical vapor deposition process.

5. An organic electroluminescent display panel according
to any one of claims 1-4, wherein said high-molecular
compound film is made of polyparaxylylene.

6. An organic electroluminescent display panel according
to any one of claims 1-5, wherein said substrate is a plastic
substrate made of a high-molecular compound.

7. An organic electroluminescent display panel according
to claim 6, further comprising an inorganic barrier film
previously formed on the plastic substrate so as to cover a
surface supporting said organic electroluminescent elements
on said plastic substrate.

8. A method of manufacturing an organic electrolumines-
cent display panel comprising one or more organic elec-
troluminescent elements and a substrate supporting the
organic electroluminescent elements, comprising the steps
of:

forming one or more organic electroluminescent elements
on a substrate, each having first and second display
electrodes and one or more organic functional layers of
organic compounds sandwiched and layered between
said first and second display electrodes, the organic
functional layers including a light-emitting layer;

forming a high-molecular compound film having an area
larger than a display area including said organic elec-
troluminescent elements so as to cover said organic
electroluminescent elements and a surface of the sub-
strate around said one or more organic electrolumines-
cent elements; and

forming an inorganic barrier film having an area larger
than the area of said high-molecular compound film so
as to cover said high-molecular compound film, an
edge thereof, and a surface of the substrate around said
high-molecular compound film.

9. A manufacturing method according to claim 8, wherein
the edge of said high-molecular compound film is so formed
that said edge becomes gradually thinner.

10. A manufacturing method according to claim 8 or 9,
wherein said inorganic barrier film is made of silicon nitride
or silicon oxynitride or silicon oxide.

11. A manufacturing method according to any one of
claims 8-10, wherein said inorganic barrier film is formed by
a plasma chemical vapor deposition process or a sputter
deposition process.

12. A manufacturing method according to any one of
claims 8-11, wherein said high-molecular compound film is
formed by a plasma polymerization deposition process or a
chemical vapor deposition process.
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