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Description
Technical Field

[0001] The presentinventionrelatestoanorganiclight-
emitting device, particularly an organic light-emitting de-
vice having non-planar structure, and a method for pre-
paring the same. More particularly, the present invention
relates to a transparent substance having continuous na-
no-sized half-spherical convexes, a highly efficient or-
ganic light-emitting device using the same, and a method
for preparing the same.

Background Art

[0002] Organic electroluminescence means converts
electrical energy into light energy by using organic ma-
terials. Its principle is explained as follows. When voltage
is applied between an anode and a cathode while aligning
an organic material layer between the anode and the
cathode, holes are injected into the organic material layer
from the anode, and electrons are injected into the or-
ganic material layer from the cathode. When the injected
holes couple with the injected electrons, excitons may
be formed and such excitons fall to the ground state to
generate light. Such generated light is emitted through
an anode, a cathode or both electrodes. Generally, an
organic light-emitting device may be classified as a top
emission type, bottom emission type and bilateral emis-
sion type according to the emitting direction of light.
[0003] Recently, research has been actively carried
out for preparing displays or illumination units by using
such electroluminescent phenomenon. In addition, tech-
niques for depositing organic material layers in the form
of a single layer to multi-layers are being actively studied
in order to achieve effective organic light-emitting devic-
es. Most currently available organic light-emitting devic-
es include electrode layers and organic material layers
deposited in the form of a planar structure. An organic
light-emitting device having a planar multi-layer structure
comprising electrode layers, and organic material multi-
layers including a hole injection layer (103), a hole trans-
port layer (104), a light-emitting layer (105), and an elec-
tron transport layer (106) as shown in Fig. 1, has been
widely used.

[0004] The light generated from a light-emitting layer
of the organic light-emitting device in Fig. 1 may pass
through two different paths. Namely, the light may be
emitted out of the organic light-emitting device through
a transparent anode layer and glass substrate or may
remain in the organic light-emitting device by being re-
flected entirely from the glass substrate surface or the
anode surface. At this time, the amount of the light emit-
ted out of the organic light-emitting device is only about
1/2n2 among the light generated from the light-emitting
layer (wherein, n is the refractive index of an organic ma-
terial layer). If the refractive index of the organic material
layer is 1.7, less than 17% of the light generated from

10

15

20

25

30

35

40

45

50

55

the device can be emitted out of the organic light-emitting
device.

[0005] To solve the above problem and emit a large
amount of light out of the organic light-emitting device,
an organic light-emitting device including a non-planar
layer,i.e., non-planarstructure, has been suggested. The
organic light-emitting device having a non-planar struc-
ture can be prepared through the following two methods.
[0006] According to a first method, a photonic crystal
having a gravure pattern is formed on a glass substrate
through a photolithography process before a transparent
anode is deposited on the glass substrate (see U.S.
6,630,684 and Appl. Phys. Lett. 82, 3779 issued in 2003
by Y. Lee et al.), or a corrugated pattern is formed on the
glass substrate by using an interference of light (see WO
2000/70691 and Adv. Mater. 13, 123 issued in 2001 by
B. J. Matterson et al.), for improving light-emitting effi-
ciency. In detail, the former deposits an anode layer on
the glass substrate, after forming the photonic crystal on
the glass substrate and flattening the surface thereon by
using SiNx. The latter deposits an electrode layer and an
organic material layer on the glass substrate while main-
taining a corrugated pattern, after forming the corrugated
pattern of transparent polymer on the glass substrate by
using photoresist materials and an interference of light.
[0007] According to a second method, after preparing
an organic light-emitting device having a planar structure
as shown in Fig. 1, a micro-sized lens structure (see WO
2003/007663 and J. Appl. Phys. 91, 3324 issued in 2002
by S. Moller et al.) or a millimeter-sized lens structure
(see WO 2001/33598) is attached to a surface of a glass
substrate of the organic light-emitting device, thereby im-
proving the light-emitting efficiency of the device.
[0008] The above two methods can improve the light-
emitting efficiency of the light-emitting device. However,
the above two methods cause problems when they are
applied to an available product.

[0009] The first method uses the photolithography
process, so it may be impossible to economically form
the photonic crystal structure or the corrugated structure
over a large-sized area. That is, in order to prepare the
light-emitting device using the photonic crystal structure,
itis necessary to sequentially carry out a deposition proc-
ess, a photolithography process, and an etching process.
Atthis time, the substrate must be processed at least two
times under a vacuum state. In addition, in order to pre-
pare the light-emitting device using the corrugated struc-
ture, itis necessary to perform the photolithography proc-
ess by using an interference of light. However, the pho-
tolithography process is not adaptable for forming a uni-
form corrugated structure over a substrate having an ar-
ea more than a few cm?2.

[0010] The second method has limitations when it is
applied to adisplay because the lens structure has a size
in the range of about a few micrometers to a few millim-
eters. In addition, the second method is not adaptable
for a large-sized area due to preparation work thereof.
According to the lens structure disclosed in WO
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2003/007663, a minimum surface size of the lens struc-
ture is defined as a few [ such that the minimum surface
size of the lens structure must be larger than the maxi-
mum wavelength of visible ray emitted from the organic
light-emitting device. In addition, according to the lens
structure disclosed in WO 2001/33598, the size of the
lens structure must be larger than the size of one unit of
an organic light-emitting device.

Disclosure of Invention
Technical Problem

[0011] The inventors of the present invention have
found that when an aluminum substrate having continu-
ous nano-sized half-spherical recesses formed by a po-
rous aluminum oxide layer forming process was used as
a mold, continuous nano-sized half-spherical convexes
can be economically formed on a large-sized transparent
substance. In addition, the inventors have found that con-
tinuous nano-sized half-spherical convexes can be
formed on an organic light-emitting device by using the
transparent substance prepared by such method, and
thus the light generated in an organic material layer of
the organic light-emitting device can be maximally emit-
ted out of the device.

[0012] Accordingly, itis an object of the presentinven-
tion to provide a transparent substance having continu-
ous nano-sized half-spherical convexes on its first main
surface, an organic light-emitting device having continu-
ous nano-sized half-spherical convexes prepared by ad-
hering the above transparent substance to a substrate
and/or an electrode of the device, and methods for pre-
paring them.

Technical Solution

[0013] One aspect of the present invention provides
an organic light-emitting device as is defined in claim 1.
[0014] Another aspect of the present invention pro-
vides an organic light-emitting device prepared by a
method comprising the steps of:

a) dipping an aluminum substrate having at least one
aluminum surface in an acid solution, and applying
an oxidation voltage of 10-400 V to the aluminum
substrate so as to form an aluminum oxide layer on
one surface of the aluminum substrate, in such a
manner that a plurality of continuous recesses are
formed on the aluminum oxide layer, and a plurality
of continuous recesses having a curvature in identi-
cal direction to that of the recesses on the aluminum
oxide layer are formed on an interface between the
aluminum oxide layer and the aluminum substrate;
b) removing the aluminum oxide layer from the alu-
minum substrate formed with the aluminum oxide
layer thereon, thereby forming a plurality of contin-
uous half-spherical recesses having a diameter of

15

20

25

30

35

40

45

50

55

25-1,000 nm on one surface of the aluminum sub-
strate; and

c) forming a plurality of continuous half-spherical
convexes, having a diameter of 25-1,000 nm, on the
first main surface of a transparent substance by us-
ing the aluminum substrate formed with a plurality
of continuous half-spherical recesses as a mold.

[0015] Another aspect of the present invention pro-
vides a method for preparing an organic light-emitting
device, comprising the steps of:

a) preparing an organic light-emitting device by form-
ing a first electrode, an organic material layer(s) and
a second electrode on a substrate;

b) adhering a transparent substance to the underside
of the substrate that does not contact the first elec-
trode, the upside of the second electrode that does
not contact the organic material layer, or both ofthem
in the organic light-emitting device;

c) before or after the b) step, forming a plurality of
continuous halt-spherical con vexes, having a diam-
eter of 25-1,000 nm, on the first main surface of the
transparent substance by a method comprising the
steps of:

i) dipping an aluminum substrate having at least
one aluminum surface in an acid solution, and
applying an oxidation voltage of 10-400 V to the
aluminum substrate so as to form an aluminum
oxide layer on one surface of the aluminum sub-
strate, in such a manner that a plurality of con-
tinuous recesses are formed on the aluminum
oxide layer, and a plurality of continuous recess-
es having a curvature in identical direction to
that of the recesses on the aluminum oxide layer
are formed on an interface between the alumi-
num oxide layer and the aluminum substrate;
ii) removing the aluminum oxide layer from the
aluminum substrate formed with the aluminum
oxide layer thereon, thereby forming a plurality
of continuous half-spherical recesses having a
diameter of 25-1,000 nm on one surface of the
aluminum substrate; and

iii) forming a plurality of continuous half-spheri-
cal convexes, having a diameter of 25-1,000 nm,
on the first main surface of a transparent sub-
stance by using the aluminum substrate formed
with a plurality of continuous half-spherical re-
cesses as a mold.

[0016] Another aspect of the present invention pro-
vides a method for preparing an organic light-emitting
device, comprising the steps of:

a) adhering a transparent substance to a substrate;
b) before or after the a) step, forming a plurality of
continuous half-spherical convexes, having a diam-
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eter of 25-1,000 nm, on the first main surface of the
transparent substance by a method comprising the
steps of:

i) dipping an aluminum substrate having at least
one aluminum surface in an acid solution, and
applying an oxidation voltage of 10-400 V to the
aluminum substrate so as to form an aluminum
oxide layer on one surface of the aluminum sub-
strate, in such a manner that a plurality of con-
tinuous recesses are formed on the aluminum
oxide layer, and a plurality of continuous recess-
es having a curvature in identical direction to
that of the recesses on the aluminum oxide layer
are formed on an interface between the alumi-
num oxide layer and the aluminum substrate;
ii) removing the aluminum oxide layer from the
aluminum substrate formed with the aluminum
oxide layer thereon, thereby forming a plurality
of continuous half-spherical recesses having a
diameter of 25-1,000 nm on one surface of the
aluminum substrate; and

i) forming a plurality of continuous half-spheri-
cal convexes, having a diameter of 25-1,000 nm,
on the first main surface of a transparent sub-
stance by using the aluminum substrate formed
with a plurality of continuous half-spherical re-
cesses as a mold;

c) preparing an organic light-emitting device by form-
ing a first electrode, an organic material layer(s) and
a second electrode on the upside of the substrate
opposite to the side adhering the transparent sub-
stance having continuous half-spherical convexes;
and optionally

d) adhering a transparent substance to the upside
of the second electrode that does not contact the
organic material layer in the organic light-emitting
device; and

e) before or after the d) step, forming a plurality of
continuous half-spherical convexes, having a diam-
eter of 25-1,000 nm, on the first main surface of the
transparent substance on the upside of the second
electrode, by a method comprising the steps of:

i) dipping an aluminum substrate having at least
one aluminum surface in an acid solution, and
applying an oxidation voltage of 10-400 V to the
aluminum substrate so as to form an aluminum
oxide layer on one surface of the aluminum sub-
strate, in such a manner that a plurality of con-
tinuous recesses are formed on the aluminum
oxide layer, and a plurality of continuous recess-
es having a curvature in identical direction to
that of the recesses on the aluminum oxide layer
are formed on an interface between the alumi-
num oxide layer and the aluminum substrate;

ii) removing the aluminum oxide layer from the
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aluminum substrate formed with the aluminum
oxide layer thereon, thereby forming a plurality
of continuous half-spherical recesses having a
diameter of 25-1,000 nm on one surface of the
aluminum substrate; and

iii) forming a plurality of continuous half-spheri-
cal convexes, having a diameter of 25-1,000 nm,
on the first main surface of a transparent sub-
stance by using the aluminum substrate formed
with a plurality of continuous half-spherical re-
cesses as a mold.

Advantageous Effects

[0017] The transparent substance having continuous
nano-sized half-spherical convexes is used for minimiz-
ing the condition of a total internal reflection in a technical
field of an organic light-emitting device. An organic light-
emitting device having non-planar structure by being ap-
plied with the transparent substance having continuous
nano-sized half-spherical convexes according to the
present invention, can maximally emit light generated
from the organic material layer out of the organic light-
emitting device, compared with an organic light-emitting
device of a planar structure. In addition, since continuous
nano-sized half-spherical convexes according to the
presentinvention can be prepared by using the aluminum
substrate having continuous nano-sized half-spherical
recesses prepared by a porous aluminum oxide layer
forming process, as a mold, it can economically be ap-
plied to a large area. Therefore, the organic light-emitting
device of the present invention can also be economically
used in a large-sized application.

Brief Description of the Drawings

[0018] The foregoing and other objects, features and
advantages of the present invention will become more
apparent from the following detailed description when
taken in conjunction with the accompanying drawings in
which:

Fig. 1 shows an example of a conventional organic
light-emitting device (101: glass substrate, 102:
transparent anode, 103: hole injection layer, 104:
hole transport layer, 105: light-emitting layer, 106:
electron transport layer, 107: metal cathode).

Fig. 2 shows an example of an organic light-emitting
device according to the presentinvention (201: glass
substrate, 202: transparent anode, 203: hole injec-
tion layer, 204: hole transport layer, 205: light-emit-
ting layer, 206: electron transport layer, 207: metal
cathode, 208: transparent substance having nano-
sized convexes).

Fig. 3 shows a mold (301) formed with continuous
nano-sized half-spherical recesses and a transpar-
ent substance (302) formed with continuous nano-
sized half-spherical convexes.
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Fig. 4 shows a light route in an organic light-emitting
device having a planar transparent substrate and in
an organic light-emitting device having a transparent
substrate adhering a transparent substance having
continuous nano-sized half-spherical convexes
(401: organic light-emitting device, 402: transparent
substrate).

Fig. 5 shows a process for preparing an aluminum
mold having continuous nanosized half-spherical re-
cesses (501: aluminum oxide layer, 502: aluminum
substrate).

Fig. 6 is an electron micrograph showing the surface
structure of a substance having continuous nano-
sized half-spherical convexes prepared in Example
1 ((a) x 5,000, (b) x 23,000).

Fig. 7 shows a schematic diagram of an organic
light.-emitting device according to the presentinven-
tion.

Mode for the Invention

[0019] Hereinafter, the present invention will be de-
scribed in more detail.

[0020] The term "nano-size" generally means the
range of 1-1,000 nm in nanometer unit. However, in this
specification, the term "nano-size" can be understood to
mean 25-1,000 nm of the range of the diameter of the
recesses or convexes that can be formed actually on an
aluminum substrate or a transparent substance by the
present invention.

[0021] In addition, the term "a first main surface of a
transparent substance" in this specification means a sur-
face formed with convexes by using an aluminum sub-
strate as a mold and opposite to a surface adhering de-
vice.

[0022] A transparent substance formed with continu-
ous nano-sized convexes on its first main surface ac-
cording to the present invention has a new structure that
can be prepared only by the method of the present in-
vention as described below. The transparent substance
can be used as an application for minimizing the condition
of a total internal reflection in order to emit more light out
of devices in a flat panel display technical field. For ex-
ample, when the transparent substance according to the
present invention is applied to an organic light-emitting
device, its principle is provided below.

[0023] In an organic light-emitting device comprising a
substrate, a first electrode, an organic material layer(s)
and a second electrode in sequentially laminated form,
the transparent substance formed with continuous nano-
sized half-spherical convexes on its first main surface
according to the present invention can be disposed on
the underside of the substrate that does not contact the
first electrode and/or the upside of the second electrode
that does not contact the organic material layer. Here, it
should be noted that the half-spherical convexes accord-
ing to the present invention are preferably disposed, not
on the interior surface where the device is formed, but
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on the exterior of the device, i.e., the underside of the
substrate and/or the upside of the second electrode.
Since an organic light-emitting device must be formed
with a very thin thickness, in contrast to other light-emit-
ting devices such as an inorganic electroluminescent de-
vice, formation of a non-planar structure in the interior of
the device can affect the operation of the device.
[0024] AsillustratedinFig4,inanorganiclight-emitting
device having a surface of a planar structure, the light
generated may remain within the organic light-emitting
device by a total internal reflection. However, in an or-
ganic light-emitting device having continuous nano-sized
convexes in its surface, the light may be emitted out of
the device by multiple reflections, preferably one or two
times on the transparent substance. As shown in the prin-
ciple above, an organic light-emitting device having a sur-
face formed with continuous nano-sized convexes ac-
cording to the present invention can emit more light out
of the device.

[0025] In addition, since half-spherical convexes
formed on the surface of an organic light-emitting device
according to the present invention are nano-sized and
have a similar size to a wavelength of light, they can
provide far superior effects than a simple lens by an in-
teraction with the light emitted from the organic material
layer. Accordingly, nano-sized half-spherical convexes
of the presentinvention are different from the micro-sized
lens structure described in the prior art (WO 2003/7663).
A further detailed explanation is provided below.

[0026] In the present invention, since half-spherical
convexes on the substrate or electrode of the organic
light-emitting device are nano-sized, the brightness of
the organic light-emitting device can be further improved
due to a wave character of light when light is emitted from
the organic material layer of the device. For instance,
when a diameter of the half-spherical convexes is iden-
tical to or shorter than a wavelength of a visible ray, the
half-spherical convex structure may convert the route of
light by a diffused reflection or a scattering phenomenon
oflight. Therefore, the half-spherical convexes can cause
more light to be emitted out of the organic light-emitting
device by minimizing a total internal reflection condition
more than the planar structure. Such effect may be in-
creased when the diameter of the half-spherical convex-
es is set within a range between a half-wavelength and
one wavelength of the visible ray.

[0027] In addition, according to the present invention,
the transparent substance having a plurality of continu-
ous half-spherical convexes on its first main surface is
characterized by being prepared through a porous alu-
minum oxide layer forming process. The porous alumi-
num oxide layer forming process is known in a technical
field different from this invention’s technical field. How-
ever, there are no cases of using the porous aluminum
oxide layer forming process to prepare the transparent
substance having nano-sized convexes. Inventors of the
present invention have found that the transparent sub-
stance having nano-sized convexes with a large size can
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be prepared at a low cost through the porous aluminum
oxide layer forming process, and thus, the transparent
substance having a non-planar structure can be applied
to a flat panel display device such as an organic light-
emitting device with a large size at a low cost.

[0028] In the presentinvention, in order to achieve the
above effect of the present invention, half-spherical con-
vexes disposed on the substrate or electrode in the or-
ganic light-emitting device of the present invention pref-
erably have a diameter of a range between a half wave-
length and one wavelength of the visible ray, i.e., 200-800
nm. In addition, the half-spherical convexes are prefer-
ably uniformly distributed. In the present invention, the
surface formed with continuous nano-sized convexes is
illustrated in Fig. 7.

[0029] The porous aluminum oxide layer forming proc-
ess has been disclosed in a document entitled A.P. Li et
al. J. Appl. Phys., 84, 6023 (1998), etc. A simple expla-
nation is provided below. An aluminum substrate having
atleast one aluminum surface is dipped in an appropriate
acid solution, such as a sulfuric acid solution, a phos-
phoric acid solution, an oxalic acid solution or a chromic
acid solution. Then, an appropriate oxidation voltage, for
example 10t0 400V is applied to the aluminum substrate
so that an oxide layer, in which recesses having a diam-
eter of about 25 to 1,000 nm, preferably 200 to 800 nm,
and a depth of about a few hundreds of nm to few (1 are
uniformly distributed, can be formed atthe aluminum sub-
strate. The depth of the recesses may increase propor-
tionally to the processing time. At this time, at an interface
between the oxide layer and the aluminum substrate, re-
cesses having a curvature in identical direction to curva-
ture of the half-spherical recesses on the oxide layer are
formed.

[0030] Fig.5shows aforming process for an aluminum
oxide layer through the above method. In Fig. 5, steps
a) to d) represent shape-variation of the oxide layer over
time in the porous aluminum oxide layer forming process.
At an initial stage, a thin and uniform oxide layer (501) is
formed on an aluminum substrate (502) (see (a) in FIG.
5). After a period of time, as the volume of the oxide layer
is expanded, a surface of the oxide layer is irregularly
deformed (see, (b) in FIG. 5). Such an irregular surface
of the oxide layer may cause an uneven current density.
Thatis, the current density may increase at a recess sec-
tion of the oxide layer and may decrease at a protrusion
section of the oxide layer. Then, fine recesses are formed
at the recess section having a high current density due
to an operation of an electric field and an electrolyte of
the acid solution. The diameter of the fine recesses does
not further increase after a predetermined time lapses
(see, (c) in Fig. 5). In addition, the depth of the recesses
may rapidly increase in a vertical direction with respect
to the surface formed with the recesses while constantly
maintaining the number of the recesses (see (d) in Fig.
5). As the depth of the recesses increases, recesses hav-
ing a curvature in identical direction to the curvature of
the recesses on the aluminum oxide layer are formed at
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an interface of the aluminum oxide layer (501) and the
aluminum substrate (502) (see (c) and (d) in Fig. 5).
[0031] After forming a porous oxide layer on the alu-
minum substrate by the process explained above, a sub-
strate formed with a plurality of continuous half-spherical
recesses as (e) in Fig. 5 can be prepared by removing
the porous oxide layer from the aluminum substrate. The
oxide layer can be removed through a chemical etching
process, an electrochemical etching process or an elec-
trical shock process, etc. However, the present invention
does not limit the process for removing the oxide layer.
[0032] According to the chemical etching process, the
oxide layer is etched by using an acid solution. The ex-
ample of the acid solution includes a mixture of a phos-
phoric acid solution and a chromic acid solution. Accord-
ing to the electrochemical etching process, a substrate
formed with the oxide layer is used as an electrode and
the substrate is dipped in the acid solution so that the
oxide layer is removed from the substrate through an
electrochemical reaction. The example of the acid solu-
tion includes a mixture of ethanol and HCIO4. According
to the electrical shock process, electric shock is applied
to the substrate by electrochemically adjusting the volt-
age, thereby removing the oxide layer from the aluminum
substrate.

[0033] In the process, if the aluminum substrate in-
cludes atleast one aluminum surface, the remaining ma-
terial of the aluminum substrate is not limited to specific
materials. For instance, a substrate consisting of alumi-
num can be used in the presentinvention, and a substrate
consisting of an aluminum layer laminated on another
substrate such as a glass substrate also can be used.
[0034] Then, nano-sized half-spherical convexes,
which are inverted structures of nano-sized half-spheri-
cal recesses, can be formed on the transparent sub-
stance by using the aluminum substrate formed with con-
tinuous nano-sized half-spherical recesses as a mold.
For this purpose, the methods known for this technical
field may be used and the present invention is not limited
to specific methods.

[0035] The materialforthetransparentsubstance pref-
erably includes something able to be used as a replica
molding material that can remain and flatten the shape
of nano-sized half-spherical recesses in the aluminum
substrate. Most polymers can be used as the material
for the transparent substance. However, the transparent
substance having nano-sized half-spherical convexes for
being applied to an organic light-emitting device of the
present invention needs to have good transmission at
the visible range of light. Therefore, the material for the
transparent substance more preferably is a polymer that
has no less than 60% of transmittance for a visible ray
after being formed nano-sized half-spherical convexes
thereon. The material satisfying said condition includes
PDMS (poly(dimethylsiloxane) [see, T.M. Odom et al.
Langmuir, 18, 5314 (2002)] or PMMA (polymethylmeth-
acrylate) [see, H. Tan et al. J. vac. Sci. Technol. B, 16,
3926 (1998)], but is not limited to them.
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[0036] One method for forming continuous nano-sized
half-spherical convexes on the transparent substance
consisting of such material may be a nano-imprint tech-
nique.

[0037] A nano-imprint technique is a method that uses
a substrate having a nano-sized structure as a mold for
preparing a film having an inverted mold structure. That
is, a film is formed on a substrate having a nano-sized
structure by using a material that can remain and flatten
the structure of the substrate, such as PDMS or PMMA.
Such film can be formed by a method such as pouring
or spin-coating such material in molten state on the mold
substrate, etc. If bubbles are generated on the film, the
bubbles can be removed by curing the film under a vac-
uum. Then, a film having an inverted structure of a nano-
sized structure on the mold can be prepared by curing
the film through heat or ultraviolet and then taking off the
substrate used as the mold.

[0038] In the method, it is preferable that the bonding
between the mold and transparent film having aninverted
structure of the mold’s structure is weakened, for trans-
ferring the nanometer-sized structure. In this regard, the
mold substrate may be dipped in a solution comprising
a material able to reduce a surface energy of the mold
substrate, or formed with a release layer thereon by ex-
posing the mold substrate to the vapor of a material able
to reduce a surface energy of the mold substrate, and
then washing the mold substrate. The material able to
reduce the surface energy of the mold substrate includes
tridecafluoro-1,1,2,2-tetrahydrooctyltrichlorosilane, etc.
However, the present invention is not limited to such
methods and may use methods known in the art in order
to achieve the same effect as the one achieved by the
release layer.

[0039] In the nano-imprint technique, said aluminum
substrate having continuous nano-sized half-spherical
recesses can be used as the mold substrate, but a pol-
ymer mold having continuous nano-sized half-spherical
recesses prepared by repeating the nano-imprint tech-
nique more than 2 times by using the aluminum substrate
as a mold also can be used. At this time, the material for
the polymer mold includes hard polymer materials, for
example, polyurethane, etc. In order to complement the
hardness of the polymer mold and facilitate separation
between the polymer mold and the transparent sub-
stance in the preparation of the transparent substance
having continuous nano-sized half-spherical convexes,
a scratch resistant thin layer consisting of polystyrene or
polycarbonate, etc. or metal thin layer may be formed on
the polymer mold. The aluminum or polymer mold can
be used more than 10 times through a simple washing.
[0040] Another method for forming continuous nano-
sized half-spherical convexes on the transparent sub-
stance may be a method that forms continuous nano-
sized half-spherical convexes by appropriately pressing
the transparent substance by the aluminum mold having
continuous nano-sized half-spherical recesses while cur-
ing the transparent substance by ultraviolet or heat. In
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such method, the continuous nano-sized half-spherical
convexes can be formed on the transparent substance
by adhering the mold to a roller or forming continuous
nano-sized half-spherical recesses on a roller, and then
performing a roll process by such roller [see, H. Tan et
al. J. Vac. Sci. Technol. B, 16, 3926 (1998)].

[0041] In the present invention, the transparent sub-
stance prepared as described above can be applied to
devices that need to minimize the condition of a total
internal reflection. Recently, such relief of a total internal
reflection is required in a flat panel display device field,
but the application of the transparent substance of this
invention is not limited to it. In one embodiment of the
present invention, the transparent substance according
to the present invention can be applied to an organic
light-emitting device.

[0042] An organic light-emitting device having contin-
uous nano-sized half-spherical convexes can be pre-
pared by adhering the transparent substance of the
present invention to a transparent substrate and/or a
transparent electrode, and forming continuous nano-
sized half-spherical convexes on the transparent sub-
stance by the method as described above before or after
adhering the transparent substance to the substrate or
the electrode. The process that adheres the transparent
substance to the transparent substrate or transparent
electrode and the process that forms continuous nano-
sized half-spherical convexes on the transparent sub-
stance may be performed before or after preparing the
organic light-emitting device.

[0043] In the present invention, the method adhering
the transparent substance to the substrate or electrode
is not limited to a specific method, and the presentinven-
tion may use methods known in the art.

[0044] One example of the method adhering the trans-
parent substance to the substrate or electrode of the de-
vice is a method comprising the steps of activating the
surface of the substrate or electrode by oxygen plasma,
etc., and then adhering the transparent substance to the
substrate or electrode by heat or ultraviolet so as to re-
move an air layer between the transparent substance
and the substrate or electrode.

[0045] Another example of the method adhering the
transparent substance to the substrate or electrode of
the device is a method that forms a self-assembled mon-
olayer (SAM) on the substrate or electrode to improve
adhesion between the transparent substance and the
substrate or electrode. As an example, in order to im-
prove adhesion between a glass substrate and a PDMS
substance, the SAM can be formed on the glass substrate
by dissolving 5-hexenyltrichlorosilane in a solvent such
as toluene, and then dipping the glass substrate in the
solution.

[0046] Another method adhering the transparent sub-
stance to the substrate or electrode is a method that
forms a polymer film by a method comprising the step of
pouring or spin-coating the material of the transparent
substance in the molten state on the substrate or elec-
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trode.

[0047] In the present invention, when the transparent
substance is adhered to a transparent substrate, a ma-
terial having mechanical and thermal stability and low
permeability for water and oxygen preferably may be
used as a material for the transparent substrate. Prefer-
able examples of the material include glass, quartz, pol-
ymers, and materials having alaminated structure of met-
al oxides having a good barrier property for water and
oxygen. However, the present invention is not limited to
them.

[0048] The organic light-emitting device of the present
invention can be prepared by methods known in the art
and can have a structure known in the art, except for
having continuous nano-sized half-spherical convexes
on the surface of the substrate and/or electrode of the
device by the method as described above.

[0049] According to one embodiment of the present
invention, the organic light-emitting device may have a
structure as shown in Fig. 2. The organic light-emitting
device shown in Fig. 2, can be prepared by depositing
an anode (202) on the transparent substrate (201) ad-
hering the transparent substance (208) having continu-
ous nano-sized half-spherical convexes, using a metal,
a metal oxide having conductivity, or an alloy thereof,
then forming organic material layers comprising a hole
injection layer (203), a hole transport layer (204), a light-
emitting layer (205) and a electron transport layer (206),
etc. thereon, and then depositing a material used for a
cathode (207) thereon, by a physical vapor deposition
(PVD) such as an E-beam evaporation or a sputtering,
etc.

[0050] In addition to such method, an organic light-
emitting device can be prepared by sequentially depos-
iting a cathode material, an organic material layer, and
an anode material on the substrate (see, WO
2003/012890). The organic material layer may have the
form of a single layer structure or a multi-layer structure
comprising a hole injection layer, a hole transport layer,
a light-emitting layer and an electron transport layer, etc.
The organic material layer may be formed in a smaller
number of layers through a solvent process, such as a
spin coating process, a screen-printing process or an ink
jet process using various polymer materials, instead of
a physical vapor deposition process.

[0051] Theanode preferably may be prepared by using
a material having a high work function in order to allow
holes to be easily injected into the organic material layer.
Particularly, the material for the anode includes metals,
such as vanadium, chrome, copper, zinc, gold, or an alloy
thereof; metal oxides, such as a zinc oxide, an indium
oxide, an indium tin oxide (ITO), or an indium zinc oxide
(120); a mixture of a metal and an oxide, such as ZnO:Al
or Sn0O2:Sb; and conductive polymers, such as poly (3-
methylthiophene), poly [3,4-(ethylene-1,2-dioxy) thi-
ophene (PEDT), polypyrrole, and polyaniline, etc. How-
ever, the present invention does not limit the material for
the anode. In order to emit the light through the anode in
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the organic light-emitting device, a material having a high
transparent degree (> 50%), particularly a metal oxide
such as zinc oxide, indium oxide, indium tin oxide (ITO)
and indium zinc oxide (1ZO), or a thin metal layer, etc
preferably may be used as the material for the anode. In
addition, in order to emit the light through the cathode in
the organic light-emitting device, a material having a high
reflectance (>50%) preferably may be used as the ma-
terial for the anode, and more preferably Ag, Al, Ni, Cr,
Au or an alloy thereof, etc. may be used.

[0052] The cathode preferably may be prepared by us-
ing a material having a low work function in order to allow
electrons to be easily injected into the organic material
layer. Specifically, the material for the cathode includes
metals, such as Mg, Ca, Na, K, Ti, In, Yt, Li, Gd, Al, Ag,
Sn, Pb, or an alloy of the same; and multi-layer materials
such as LiF/Alor LiO2/Al. However, the present invention
does not limit the material for the cathode. In order to
emit the light through the cathode in the organic light-
emitting device, a material having a high transparent de-
gree (>50%) preferably may be used as the material for
the cathode. Particularly, a material prepared by depos-
iting a transparent conductive material such as indium
tin oxide or indium zinc oxide on a transparent thin layer
consisting of A1 or a mixture of Mg and Ag is more pre-
ferred.

[0053] The hole injection layer is prepared by using a
material capable of allowing holes to be injected from the
anode at a low voltage condition. It is preferred that the
material for the hole injection layer has an HOMO (high-
est occupied molecular orbital) between the work func-
tion of the anode material and the HOMO of a peripheral
organic material layer. Specifically, the material for the
hole injection layer includes metal porphyrine, oligothi-
ophene, arylamine-based organic materials, hexanitrile
hexaazatriphenylene, quinacridone-based organic ma-
terials, perylene-based organic materials, anthraqui-
none-based conductive polymer, polyaniline and polythi-
ophene-based conductive polymer or conductive poly-
mer such as a dopant. However, the present invention
does not limit the material for the hole injection layer.
[0054] The hole transport layer is prepared by using a
material capable of transporting holes from the anode or
the hole injection layer to the light-emitting layer. It is
preferred that the material for the hole transport layer has
a high hole mobility. Specifically, the material for the hole
transport layer includes arylamine-based organic mate-
rials, conductive polymers, and block copolymers includ-
ing a conjugate section and a non-conjugate section, etc.
However, the presentinvention does not limit the material
for the hole transport layer.

[0055] The light-emitting layer is prepared by using a
material capable of generating light of a visible ray range
by combining holes with electrons transferred from the
hole transport layer and the electron transport layer, re-
spectively. It is preferred that the material for the light-
emitting layer represents a superior quantum efficiency
with respect to fluorescence or phosphorescence. Spe-
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cifically, the material for the light-emitting layer includes
8-hydroxy-quinoline aluminum complex (Alg3), carba-
zole-based compounds, dimerized styryl compounds,
BAlg, 10-hydroxybenzo quinol inemetal compounds,
compounds based on benzoxazole, benzthiazole, and
benzimidazole, poly(p-phenylenevinylene)-based poly-
mers, poly phenylene vinylene(PPV)-based polymers,
spiro compounds, polyfluorene, rubrene, etc. However,
the present invention does not limit the material for the
light-emitting layer.

[0056] The electron transport layer is prepared by us-
ing a material capable of transporting electrons from the
cathode to the light-emitting layer. It is preferred that the
material for the electron transport layer has a high elec-
tron mobility. Specifically, the material for the electron
transport layer includes 8-hydroxy-quinoline aluminum
complex, complexes including Alq3, organic radical com-
pounds, and hydroxyflavone-metal complexes, etc. How-
ever, the present invention does not limit the material for
the electron transport layer.

[0057] The organic light-emitting device according to
the present invention may be a top emission type, a bot-
tom emission type or a bilateral emission type, depending
on used materials.

Examples
Example 1

Preparation of an organic light-emitting device

[0058] Glass substrate (corning 7059 glass) coated
with a thin layer of ITO (indium tin oxide) having a thick-
ness of 1,000 A was washed ultrasonically in distilled
water in which a detergent was dissolved. In the process,
a detergent made from Fischer Co. and distilled water
prepared by filtering water 2 times using a filter made
from Millipore Co. were used. After ITO was washed for
30 minutes as mentioned above, it was subjected to ul-
trasonic washing 2 times for 10 minutes. After then, it
was washed by isopropyl alcohol, acetone, and methanol
solvent sequentially by ultrasonic wave, and then dried.
[0059] Hexanitrile hexaazatriphenylene (500 A), 4,4'-
bis[N-(1-naphthyl)-N-phenylamino] biphenyl (NPB) (400
A), Alg3 (300 A) and a compound represented as the
following formula 1 were sequentially deposited on the
ITO electrode by a thermal vacuum deposition, thereby
forming a hole injection layer, a hole transport layer, a
light-emitting layer and an electron transport layer, se-
quentially.
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Formula 1

e ~
seonde

e

[0060] Then, lithium fluoride (LiF) having a thickness
of 12 A and aluminum having a thickness of 2000 A were
sequentially deposited on the electron transport layer so
as to form a cathode, thereby forming an organic light-
emitting device.

[0061] Inthe above process, the deposition rate of the
organic materials was maintained at 0.4 to 0.7 Alsec, the
deposition rate of the LiF of the cathode was maintained
at0.3 A/ sec, the deposition rate of aluminum was main-
tained at 2 A/sec, and the vacuum level was maintained
at 2x10-7 to 5X10-8 torr during the deposition process.

Preparation of Aluminum Mold Having Continuous
Nano-sized Half-spherical Recesses

[0062] After dipping the aluminum substrate in a phos-
phoric acid solution, an oxidation voltage of 196 V was
applied to the aluminum substrate, thereby forming an
aluminum oxide layer formed with uniform recesses hav-
ing a diameter of about 200-600 nm and a thickness of
about a few [ on the aluminum substrate. Then, the alu-
minum oxide layer was removed from the aluminum sub-
strate by performing a chemical etching process using a
mixture of the phosphoric acid solution and a chromic
acid solution, thereby obtaining an aluminum substrate
having continuous nano-sized half-spherical recesses.
[0063] The aluminum substrate was subjected to an
oxygen plasma treatment and then exposed to vapor of
tridecafluoro-1,1,2,2-tetrahydrooctyltrichlorosilane.
Then, the aluminum substrate was washed using toluene
so as to obtain a release layer consisting of tridecafluoro-
1,1,2,2-tetrahydrooctyltrichlorosilane monolayer on the
aluminum substrate.

Preparation of a Transparent Substance Having Con-
tinuous Nano-sized Half-spherical Convexes and Ap-
plication thereof to the Organic Light-emitting De-
vice

[0064] A mixture of a PDMS and a curing agent (Syl-
gard 184, Dow-Corning) in the ratio of 10:1 was poured
on the aluminum substrate prepared as described above,
and then the aluminum substrate was rotated at 3000
rpm so as to form a PDMS layer on the aluminum sub-
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strate. Then, the aluminum substrate was removed and
the PDMS layer was obtained.

[0065] The underside of the glass substrate that did
not contact the ITO electrode in the organic light-emitting
device prepared as described above, was subjected to
an oxygen plasma treatment for activation of glass sur-
face. Then, the organic light-emitting device being treat-
ed as above was dipped in a toluene solution, in which
5-hexenyl trichlorosilane was dissolved, for 30 minutes
so as to form a self-assembled monolayer consisting of
5-hexenyl trichlorosilane on the glass substrate.

[0066] The surface of the glass substrate being treated
with 5-hexenyl trichlorosilane in the organic light-emitting
device was contacted with the PDMS layer. After curing
the organic light-emitting device at 65 °C under vacuum,
the organic light-emitting device having continuous nano-
sized half-spherical convexes was obtained. Fig. 6 shows
the structure of continuous nano-sized half-spherical
convexes formed on the organic light-emitting device.

Results of Light-emitting Experiments

[0067] When aforward electric field of 6 V was applied
to the organic light-emitting device prepared as above,
green emission corresponding to 3200 nit was observed
from Alq3.

Comparative Example 1

[0068] The organic light-emitting device was prepared
using the same process as Example 1, except for not
adhering the PDMS film having continuous nano-sized
half-spherical on the transparent substrate of the organic
light-emitting device.

[0069] When aforward electric field of 6 V was applied
to the organic light-emitting device formed on the planar
glass substrate having no nano-sized half-spherical con-
vexes, green emission corresponding to 2300 nit was
observed from Alq3.

Comparative Example 2

[0070] The organic light-emitting device was prepared
using the same process as Example 1, except for adher-
ing a PDMS film having a planar structure on the trans-
parent substrate of the organic light-emitting device.
[0071] When aforward electric field of 6 V was applied
to the organic light-emitting device formed on the planar
glass substrate having no nano-sized half-spherical con-
vexes, green emission corresponding to 2100 nit was
observed from Alq3.

[0072] Through the results of Example 1 and Compar-
ative Examples 1 and 2, it can be understood that the
organic light-emitting device having continuous nano-
sized convexes emit more light than the device having a
planar surface, even if both of them were prepared by
using identical organic materials.
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Claims

1. An organic light-emitting device comprising a sub-
strate, a first electrode, an organic material layer(s)
and a second electrode in the sequentially laminated
form, wherein a plurality of continuous half-spherical
convexes having a diameter of 200 - 800 nm are
formed on the underside of the substrate that does
not contact the first electrode, the upside of the sec-
ond electrode that does not contact the organic ma-
terial layer, or both of them,
wherein the plurality of continuous half-spherical
convexes consists of a transparent substance con-
sisting of a polymer material having no less than 60%
of permeability for a visible ray.

2. The organic light-emitting device according to claim

1, wherein the organic material layer comprises a
hole injection layer, a hole transport layer, a light-
emitting layer and an electron transport layer.

3. The organic light-emitting device according to claim
1, prepared by a method comprising the steps of:

a) preparing an organic light-emitting device by
forming a first electrode, an organic material lay-
er(s) and a second electrode on a substrate;
b) adhering a transparent substance to the un-
derside of the substrate that does not contact
the first electrode, the upside of the second elec-
trode that does not contact the organic material
layer, or both of them in the organic light-emitting
device;

c) before or after the b) step, forming a plurality
of continuous half-spherical convexes, having a
diameter of 200 - 800 nm, on a first main surface
of the transparent substance by a method com-
prising the steps of:

(i) dipping an aluminum substrate having at
least one aluminum surface in an acid so-
lution, and applying an oxidation voltage of
10 - 400 V to the aluminum substrate so as
to form an aluminum oxide layer on one sur-
face of the aluminum substrate, in such a
manner that a plurality of continuous re-
cesses are formed on the aluminum oxide
layer, and a plurality of continuous recesses
having a curvature in identical direction to
that of the recesses on the aluminum oxide
layer are formed on an interface between
the aluminum oxide layer and the aluminum
substrate;

(ii) removing the aluminum oxide layer from
the aluminum substrate formed with the alu-
minum oxide layer thereon, thereby forming
a plurality of continuous half-spherical re-
cesses having a diameter of 200 - 800 nm
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on one surface of the aluminum substrate;
and

(iii) forming a plurality of continuous half-
spherical convexes, having a diameter of

of poly (dimethylsiloxane) (PDMS) and polymethyl-
methacrylate (PMMA).

A method for preparing an organic light-emitting de-

200 - 800 nm, on the first main surface ofa 5 vice, comprising the steps of:
transparent substance by using the alumi-
num substrate formed with a plurality of con- a) preparing an organic light-emitting device by
tinuous half-spherical recesses as a mold. forming a first electrode, an organic material lay-
er(s) and a second electrode on a substrate;
4. The organic light-emitting device according to claim 70 b) adhering a transparent substance to the un-
1, prepared by a method comprising the steps of: derside of the substrate that does not contact
thefirst electrode, the upside of the second elec-
a) adhering a transparent substance to a sub- trode that does not contact the organic material
strate; layer, or both of them in the organic light-emitting
b) before or after the a) step, forming a plurality 75 device;
of continuous half-spherical convexes, having a c) before or after the b) step, forming a plurality
diameter of 200 - 800 nm, on a first main surface of continuous half-spherical convexes, having a
of the transparent substance by a method com- diameter of 200~800nm, on a first main surface
prising the steps of: of the transparent substance by a method com-
20 prising the steps of:
(i) dipping an aluminum substrate having at
least one aluminum surface in an acid so- (i) dipping an aluminum substrate having at
lution, and applying an oxidation voltage of least one aluminum surface in an acid so-
10 - 400 V to the aluminum substrate so as lution, and applying an oxidation voltage of
to form an aluminum oxide layer on one sur- 25 10 - 400 V to the aluminum substrate so as
face of the aluminum substrate, in such a to form an aluminum oxide layer on one sur-
manner that a plurality of continuous re- face of the aluminum substrate, in such a
cesses are formed on the aluminum oxide manner that a plurality of continuous re-
layer, and a plurality of continuous recesses cesses are formed on the aluminum oxide
having a curvature in identical direction to 30 layer, and a plurality of continuous recesses
that of the recesses on the aluminum oxide having a curvature in identical direction to
layer are formed on an interface between that of the recesses on the aluminum oxide
the aluminum oxide layer and the aluminum layer are formed on an interface between
substrate; the aluminum oxide layer and the aluminum
(i) removing the aluminum oxide layer from 35 substrate;
the aluminum substrate formed with the alu- (ii) removing the aluminum oxide layer from
minum oxide layer thereon, thereby forming the aluminum substrate formed with the alu-
a plurality of continuous half-spherical re- minum oxide layer thereon, thereby forming
cesses having a diameter of 200 - 800 nm a plurality of continuous half-spherical re-
on one surface of the aluminum substrate; 40 cesses having a diameter of 200 - 800 nm
and on one surface of the aluminum substrate;
(iii) forming a plurality of continuous half- and
spherical convexes, having a diameter of (iii) forming a plurality of continuous half-
200 - 800 nm, on the first main surface of a spherical convexes, having a diameter of
transparent substance by using the alumi- 45 200 - 800 nm, on the first main surface of a
num substrate formed with a plurality of con- transparent substance by using the alumi-
tinuous half-spherical recesses as a mold; num substrate formed with a plurality of con-
tinuous half-spherical recesses as a mold,
c) preparing an organic light-emitting device by
forming afirst electrode, an organic material lay- 50 wherein the transparent substance consists of a pol-
er(s) and a second electrode on the upside of ymer material having no less than 60% of permea-
the substrate opposite to the side adhering the bility for a visible ray.
transparent substance having continuous half-
spherical convexes. A method for preparing an organic light-emitting de-
55 vice, comprising the steps of:
5. The organic light-emitting device according to claim
1, wherein the transparent substance consists of at a) adhering a transparent substance to a sub-
least one material selected from a group consisting strate;

1"



21 EP 1726 188 B1 22

b) before or after the a) step, forming a plurality
of continuous half-spherical convexes, having a
diameter of 200~800nm, on a first main surface
of the transparent substance by a method com-
prising the steps of:

(i) dipping an aluminum substrate having at
least one aluminum surface in an acid so-
lution, and applying an oxidation voltage of
10 - 400 V to the aluminum substrate so as
to form an aluminum oxide layer on one sur-
face of the aluminum substrate, in such a
manner that a plurality of continuous re-
cesses are formed on the aluminum oxide
layer, and a plurality of continuous recesses
having a curvature in identical direction to
that of the recesses on the aluminum oxide
layer are formed on an interface between
the aluminum oxide layer and the aluminum
substrate;

(i) removing the aluminum oxide layer from
the aluminum substrate formed with the alu-
minum oxide layer thereon, thereby forming
a plurality of continuous half-spherical re-
cesses having a diameter of 200 - 800 nm
on one surface of the aluminum substrate;
and

(iii) forming a plurality of continuous half-
spherical convexes, having a diameter of
200 - 800 nm, on the first main surface of a
transparent substance by using the alumi-
num substrate formed with a plurality of con-
tinuous half-spherical recesses as a mold;

c) preparing an organic light-emitting device by
forming afirst electrode, an organic material lay-
er(s) and a second electrode on the upside of
the substrate opposite to the side adhering the
transparent substance having continuous half-
spherical con-vexes,

wherein the transparent substance consists of a pol-
ymer material having no less than 60% of permea-
bility for a visible ray.

The method for preparing an organic light-emitting
device according to claim 7, further comprising:

d) adhering a transparent substance to the up-
side of the second electrode that does not con-
tact the organic material layer in the organic
light-emitting device; and

e) before or after the d) step, forming a plurality
of continuous half-spherical convexes, having a
diameter of 200 - 800 nm, on the first main sur-
face of the transparent substance on the upside
ofthe second electrode, by a method comprising
the steps of:
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(i) dipping an aluminum substrate having at
least one aluminum surface in an acid so-
lution, and applying an oxidation voltage of
10 - 400 V to the aluminum substrate so as
to form an aluminum oxide layer on one sur-
face of the aluminum substrate, in such a
manner that a plurality of continuous re-
cesses are formed on the aluminum oxide
layer, and a plurality of continuous recesses
having a curvature in identical direction to
that of the recesses on the aluminum oxide
layer are formed on an interface between
the aluminum oxide layer and the aluminum
substrate;

(ii) removing the aluminum oxide layer from
the aluminum substrate formed with the alu-
minum oxide layer thereon, thereby forming
a plurality of continuous half-spherical re-
cesses having a diameter of 200 - 800 nm,
on one surface of the aluminum substrate;
and

(iii) forming a plurality of continuous half-
spherical convexes, having a diameter of
200 - 800 nm, on the first main surface of a
transparent substance by using the alumi-
num substrate formed with a plurality of con-
tinuous half-spherical recesses as a mold.

Patentanspriiche

1.

Organische lichtemittierende Vorrichtung, umfas-
send ein Substrat, eine erste Elektrode, eine oder
mehrere organische Materialschichten und eine
zweite Elektrode in der aufeinanderfolgend laminier-
ten Form, worin eine Vielzahl von kontinuierlichen
halbspharischen konvexen Formen mit einem
Durchmesser von 200 - 800 nm auf der Unterseite
des Substrates, das nicht die erste Elektrode kon-
taktiert, der Oberseite der zweiten Elektrode, die
nicht die organische Materialschicht kontaktiert,
oder beiden von diesen gebildet sind,

worin die Vielzahl von kontinuierlichen halbsphéri-
schen konvexen Formen aus einer transparenten
Substanz besteht, bestehend aus einem Polymer-
material mit nicht weniger als 60% Permeabilitat fur
sichtbare Strahlen.

Organische lichtemittierende Vorrichtung nach An-
spruch 1, worin die organische Materialschicht eine
Lochinjektionsschicht, Lochtransportschicht, Loch-
emissionsschicht und Elektronentransportschicht
enthalt.

Organische lichtemittierende Vorrichtung nach An-
spruch 1, hergestellt durch ein Verfahren, umfas-
send folgende Schritte:
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(a) Herstellung einer organischen lichtemittie-
renden Vorrichtung durch Bilden einer ersten
Elektrode, einer oder mehrerer organischer Ma-
terialschichten und einer zweiten Elektrode auf

Vielzahl von kontinuierlichen halbspharischen
konvexen Formen mit einem Durchmesser von
200 - 800 nm auf einer ersten Hauptoberflache
der transparenten Substanz durch ein Verfah-

einem Substrat, 5 ren, umfassend die Schritte:
(b) Anhaften einer transparenten Substanz an
die Unterseite des Substrates, das die erste (i) Tauchen eines Aluminiumsubstrates mit
Elektrode nicht kontaktiert, die Oberseite der zumindest einer Aluminiumoberflache in ei-
zweiten Elektrode, die die organische Material- ne saure Lésung und Auferlegung einer
schicht nicht kontaktiert, oder beiden vondiesen 70 Oxidationsspannungvon 10 - 400V auf das
in der organischen lichtemittierenden Vorrich- Aluminiumsubstrat, unter Bildung einer Alu-
tung, miniumoxidschicht auf einer Oberflache
(c) vor oder nach dem Schritt (b) Bildung einer des Aluminiumsubstrates auf solche Wei-
Vielzahl von kontinuierlichen halbspharischen se, dass eine Vielzahl von kontinuierlichen
konvexen Formen mit einem Durchmesser von 15 Aussparungen auf der Aluminiumoxid-
200 - 800 nm auf einer ersten Hauptoberflache schicht gebildet sind und eine Vielzahl von
der transparenten Substanz durch ein Verfah- kontinuierlichen Aussparungen mit einer
ren, umfassend die Schritte: Krimmung in identischer Richtung zu der
der Aussparungen auf der Aluminiumoxid-
(i) Tauchen eines Aluminiumsubstrates mit 20 schicht auf einer Grenzflache zwischen der
zumindest einer Aluminiumoberflache in ei- Aluminiumoxidschicht und dem Aluminium-
ne saure Lésung und Auferlegung einer substrat gebildet sind;
Oxidationsspannung von 10-400 V aufdas (i) Entfernung der Aluminiumoxidschicht
Aluminiumsubstrat, unter Bildung einer Alu- von dem Aluminiumsubstrat, gebildet mit
miniumoxidschicht auf einer Oberflache 25 der Aluminiumoxidschicht darauf, unter Bil-
des Aluminiumsubstrates auf solche Wei- dung einer Vielzahl von kontinuierlichen
se, dass eine Vielzahl von kontinuierlichen halbspharischen Aussparungen mit einem
Aussparungen auf der Aluminiumoxid- Durchmesser von 200 - 800 nm auf einer
schicht gebildet sind und eine Vielzahl von Oberflache des Aluminiumsubstrates, und
kontinuierlichen Aussparungen mit einer 30 (iii) Bildung einer Vielzahl von kontinuierli-
Krimmung in identischer Richtung zu der chen halbsphéarischen konvexen Formen
der Aussparungen auf der Aluminiumoxid- mit einem Durchmesser von 200 - 800 nm
schicht auf einer Grenzflache zwischen der auf der ersten Hauptoberflache einer trans-
Aluminiumoxidschicht und dem Aluminium- parenten Substanz durch Verwendung des
substrat gebildet sind; 35 Aluminiumsubstrates, gebildet mit einer
(ii) Entfernung der Aluminiumoxidschicht Vielzahl von kontinuierlichen halbsphéri-
von dem Aluminiumsubstrat, gebildet mit schen Aussparungen als Form,
der Aluminiumoxidschicht darauf, unter Bil-
dung einer Vielzahl von kontinuierlichen (c) Herstellung einer organischen lichtemittie-
halbsphérischen Aussparungen mit einem 40 renden Vorrichtung durch Bilden einer ersten
Durchmesser von 200 - 800 nm auf einer Elektrode, einer oder mehreren organischen
Oberflache des Aluminiumsubstrates, und Materialschichten und einer zweiten Elektrode
(iii) Bildung einer Vielzahl von kontinuierli- auf der oberen Seite des Substrates, die entge-
chen halbsphéarischen konvexen Formen gengesetzt ist zu der Seite, die an der transpa-
mit einem Durchmesser von 200 - 800 nm 45 renten Substanz mit kontinuierlichen halbspha-
auf der ersten Hauptoberflache einer trans- rischen konvexen Formen haftet.
parenten Substanz durch Verwendung des
Aluminiumsubstrates, gebildet mit einer Organische lichtemittierende Vorrichtung nach An-
Vielzahl von kontinuierlichen halbsphéari- spruch 1, worin die transparente Substanz aus zu-
schen Aussparungen als Form. 50 mindest einem Material besteht, ausgewahlt aus ei-
ner Gruppe bestehend aus Poly(dimethylsiloxan)
4. Organische lichtemittierende Vorrichtung nach An- (PDMS) und Polymethylmethacrylat (PMMA).
spruch 1, hergestellt durch ein Verfahren, umfas-
send folgende Schritte: 6. Verfahren zur Herstellung einer organischen lichte-
55 mittierenden Vorrichtung, umfassend die Schritte:
(a) Anhaften einer transparenten Substanz an
ein Substrat, (a) Herstellung einer organischen lichtemittie-
(b) vor oder nach dem Schritt (a) Bilden einer renden Vorrichtung durch Bilden einer ersten

13
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Elektrode, einer oder mehrerer organischer Ma-
terialschichten und einer zweiten Elektrode auf
einem Substrat,

(b) Anhaften einer transparenten Substanz an
die Unterseite des Substrates, das nicht die ers-
te Elektrode kontaktiert, die Oberseite der zwei-
ten Elektrode, die die nicht organische Materi-
alschicht kontaktiert, oder beiden von diesen in
der organischen lichtemittierenden Vorrichtung,
(c) vor oder nach dem Schritt (b) Bilden einer
Vielzahl von kontinuierlichen halbspharischen
konvexen Formen mit einem Durchmesser von
200 - 800 nm auf einer ersten Hauptoberflache
der transparenten Substanz durch ein Verfah-
ren, umfassend folgende Schritte:

(i) Tauchen eines Aluminiumsubstrates mit
zumindest einer Aluminiumoberflache in ei-
ne saure Lésung und Auferlegung einer
Oxidationsspannung von 10-400 V aufdas
Aluminiumsubstrat, unter Bildung einer Alu-
miniumoxidschicht auf einer Oberflache
des Aluminiumsubstrates auf solche Wei-
se, dass eine Vielzahl von kontinuierlichen
Aussparungen auf der Aluminiumoxid-
schicht gebildet sind und eine Vielzahl von
kontinuierlichen Aussparungen mit einer
Krimmung in identischer Richtung zu der
der Aussparungen auf der Aluminiumoxid-
schicht auf einer Grenzflache zwischen der
Aluminiumoxidschicht und dem Aluminium-
substrat gebildet sind;

(ii) Entfernung der Aluminiumoxidschicht
von dem Aluminiumsubstrat, gebildet mit
der Aluminiumoxidschicht darauf, unter Bil-
dung einer Vielzahl von kontinuierlichen
halbsphérischen Aussparungen mit einem
Durchmesser von 200 - 800 nm auf einer
Oberflache des Aluminiumsubstrates, und
(iii) Bildung einer Vielzahl von kontinuierli-
chen halbspharischen konvexen Formen
mit einem Durchmesser von 200 - 800 nm
auf der ersten Hauptoberflache einer trans-
parenten Substanz durch Verwendung des
Aluminiumsubstrates, gebildet mit einer
Vielzahl von kontinuierlichen halbsphéari-
schen Aussparungen als Form,

worin die transparente Substanz aus einem Poly-
mermaterial mit nicht weniger als 60% Permeabilitat
fur sichtbare Strahlen besteht.

Verfahren zur Herstellung einer organischen lichte-
mittierenden Vorrichtung, umfassend die Schritte:

(a) Anhaften einer transparenten Substanz an
ein Substrat,
(b) vor oder nach dem Schritt (a) Bilden einer
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Vielzahl von kontinuierlichen halbspharischen
konvexen Formen mit einem Durchmesser von
200 - 800 nm auf einer ersten Hauptoberflache
der transparenten Substanz durch ein Verfah-
ren, umfassend die Schritte:

(i) Tauchen eines Aluminiumsubstrates mit
zumindest einer Aluminiumoberflache in ei-
ne saure Lésung und Auferlegung einer
Oxidationsspannungvon 10 - 400V auf das
Aluminiumsubstrat, unter Bildung einer Alu-
miniumoxidschicht auf einer Oberflache
des Aluminiumsubstrates auf solche Wei-
se, dass eine Vielzahl von kontinuierlichen
Aussparungen auf der Aluminiumoxid-
schicht gebildet sind und eine Vielzahl von
kontinuierlichen Aussparungen mit einer
Krimmung in identischer Richtung zu der
der Aussparungen auf der Aluminiumoxid-
schicht auf einer Grenzflache zwischen der
Aluminiumoxidschicht und dem Aluminium-
substrat gebildet sind;

(i) Entfernung der Aluminiumoxidschicht
von dem Aluminiumsubstrat, gebildet mit
der Aluminiumoxidschicht darauf, unter Bil-
dung einer Vielzahl von kontinuierlichen
halbsphérischen Aussparungen mit einem
Durchmesser von 200 - 800 nm auf einer
Oberflache des Aluminiumsubstrates, und
(iii) Bildung einer Vielzahl von kontinuierli-
chen halbspharischen konvexen Formen
mit einem Durchmesser von 200 - 800 nm
auf der ersten Hauptoberflache einer trans-
parenten Substanz durch Verwendung des
Aluminiumsubstrates, gebildet mit einer
Vielzahl von kontinuierlichen halbsphari-
schen Aussparungen als Form,

(c) Herstellung einer organischen lichtemittie-
renden Vorrichtung durch Bilden einer ersten
Elektrode, einer oder mehrerer organischer Ma-
terialschichten und einer zweiten Elektrode auf
der oberen Seite des Substrates, die entgegen-
gesetztistzuder Seite, die an der transparenten
Substanz mit kontinuierlichen halbspharischen
konvexen Formen haftet,

worin die transparente Substanz aus einem Poly-
mermaterial mit einer Permeabilitat fir sichtbare
Strahlen von nicht weniger als 60% besteht.

Verfahren zur Herstellung einer organischen lichte-
mittierenden Vorrichtung nach Anspruch 7, weiterhin
umfassend:

(d) Anhaften einer transparenten Substanz an
die obere Seite der zweiten Elektrode, die die
organische Materialschicht in der organischen
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lichtemittierenden Vorrichtung nicht kontaktiert,
und

(e) vor oder nach Schritt (d) Bildung einer Viel-
zahl von kontinuierlichen halbspharischen kon-
vexen Formen mit einem Durchmesser von 200
- 800 nm auf der ersten Hauptoberflache der
transparenten Substanz auf der oberen Seite
der zweiten Elektrode durch ein Verfahren, um-
fassend die Schritte:

(i) Tauchen eines Aluminiumsubstrates mit
zumindest einer Aluminiumoberflache in ei-
ne saure Lésung und Auferlegung einer
Oxidationsspannung von 10-400 V aufdas
Aluminiumsubstrat, unter Bildung einer Alu-
miniumoxidschicht auf einer Oberflache
des Aluminiumsubstrates auf solche Wei-
se, dass eine Vielzahl von kontinuierlichen
Aussparungen auf der Aluminiumoxid-
schicht gebildet sind und eine Vielzahl von
kontinuierlichen Aussparungen mit einer
Krimmung in identischer Richtung zu der
der Aussparungen auf der Aluminiumoxid-
schicht auf einer Grenzflache zwischen der
Aluminiumoxidschicht und dem Aluminium-
substrat gebildet sind;

(ii) Entfernung der Aluminiumoxidschicht
von dem Aluminiumsubstrat, gebildet mit
der Aluminiumoxidschicht darauf, unter Bil-
dung einer Vielzahl von kontinuierlichen
halbsphérischen Aussparungen mit einem
Durchmesser von 200 - 800 nm auf einer
Oberflache des Aluminiumsubstrates, und
(iii) Bildung einer Vielzahl von kontinuierli-
chen halbspharischen konvexen Formen
mit einem Durchmesser von 200 - 800 nm
auf der ersten Hauptoberflache einer trans-
parenten Substanz durch Verwendung des
Aluminiumsubstrates, gebildet mit einer
Vielzahl von kontinuierlichen halbsphéari-
schen Aussparungen als Form.

Revendications

Dispositif électroluminescent organique comprenant
un substrat, une premiére électrode, une ou des cou-
che(s) de matiére organique et une seconde élec-
trode dans la forme stratifiée de fagon séquentielle,
dans lequel une pluralité d’éléments convexes semi-
sphériques continus ayant un diamétre de 200 a 800
nm sontformés surle dessous du substrat quin’entre
pas en contact avec la premiéere électrode, le haut
de la seconde électrode qui n’entre pas en contact
avec la couche de matiére organique, ou les deux,
dans lequel la pluralité d’éléments convexes semi-
sphériques continus consiste en une substance
transparente consistant en une matiére de polymeére
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n’ayant pas moins de 60 % de perméabilité pour un
rayon visible.

Dispositif électroluminescent organique selon la re-
vendication 1, dans lequel la couche de matiére or-
ganique comprend une couche d’injection de trous,
une couche de transport de trous, une couche élec-
troluminescente et une couche de transport d’élec-
trons.

Dispositif électroluminescent organique selon la re-
vendication 1, préparé par un procédé comprenant
les étapes consistant a :

a) préparer un dispositif électroluminescent or-
ganique en formantune premiére électrode, une
ou des couche(s) de matiere organique et une
seconde électrode sur un substrat ;

b) adhérer une substance transparente au-des-
sous du substrat qui n’entre pas en contact avec
la premiére électrode, le haut de la seconde
électrode quin’entre pas en contact avec la cou-
che de matiére organique, ou les deux dans le
dispositif électroluminescent organique ;

c) avant ou aprés I'étape b), former une pluralité
d’éléments convexes semi-sphériques conti-
nus, ayant un diamétre de 200 a 800 nm, sur
une premiére surface principale de la substance
transparente par un procédé comprenant les
étapes consistant a :

(i) tremper un substrat d’aluminium ayant
aumoins une surface d’aluminium dans une
solution d’acide, et appliquer une tension
d’oxydationde 10 2400 V au substratd’alu-
minium de fagon aformer une couche d’oxy-
de d’aluminium sur une surface du substrat
d’aluminium, de telle sorte qu’une pluralité
de parties en retrait continues sont formées
sur la couche d’oxyde d’aluminium, et une
pluralité de parties en retrait continues
ayantune courbure dans unedirectioniden-
tique a celle des parties en retrait sur la cou-
che d’'oxyde d’aluminium sont formées sur
une interface entre la couche d’oxyde d’alu-
minium et le substrat d’aluminium ;

(i) enlever la couche d’oxyde d’aluminium
depuis le substrat d’aluminium formé avec
la couche d’oxyde d’aluminium dessus, for-
mant de ce fait une pluralité de parties en
retrait semi-sphériques continues ayant un
diameétre de 200 a 800 nm sur une surface
du substrat d’aluminium ; et

(iii) former une pluralité d’éléments conve-
xes semi-sphériques continus, ayant un
diamétre de 200 a 800 nm, sur la premiére
surface principale d’'une substance trans-
parente en utilisant le substrat d’aluminium
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formé avec une pluralité de parties en retrait consiste en au moins une matiére sélectionnée a
semi-sphériques continues en tant qu’un partir d’'un groupe consistant en du poly(diméthylsi-
moule. loxane) (PDMS) et du polyméthacrylate de méthyle
(PMMA).
4. Dispositif électroluminescent organique selon lare- 5
vendication 1, préparé par un procédé comprenant 6. Procédé pour préparer un dispositif électrolumines-
les étapes consistant a : cent organique, comprenant les étapes consistant
a:

a) adhérer une substance transparente a un

substrat ; 10 a) préparation d’un dispositif électroluminescent
b) avant ou aprés I'étape a), former une pluralité organique en formant une premiere électrode,
d’éléments convexes semi-sphériques conti- une ou des couche(s) de matiere organique et
nus, ayant un diamétre de 200 a 800 nm, sur une seconde électrode sur un substrat ;
une premiere surface principale de la substance b) adhésion d’'une substance transparente au
transparente par un procédé comprenant les 15 dessous du substrat qui n’entre pas en contact
étapes consistant a : avec la premiére électrode, le haut de la secon-
de électrode qui n’entre pas en contact avec la
(i) tremper un substrat d’aluminium ayant couche de matiére organique, ou les deux dans
au moins une surface d’aluminiumdans une le dispositif électroluminescent organique ;
solution d’acide, et appliquer une tension 20 c)avantou aprés |'étape b), formation d’'une plu-
d’oxydation de 10 2400V au substrat d’alu- ralité d’éléments convexes semi-sphériques
minium de fagon aformer une couche d’oxy- continus, ayant un diamétre de 200 a 800 nm,
de d’aluminium sur une surface du substrat sur une premiere surface principale de la subs-
d’aluminium, de telle sorte qu’une pluralité tance transparente par un procédé comprenant
de parties enretrait continues sont formées 25 les étapes consistant a :
sur la couche d’'oxyde d’aluminium, et une
pluralit¢ de parties en retrait continues (i) tremper un substrat d’aluminium ayant
ayantune courbure dans une direction iden- aumoins une surface d’aluminium dans une
tique a celle des parties en retrait sur la cou- solution d’acide, et appliquer une tension
che d’oxyde d’aluminium sont formées sur 30 d’oxydationde 10 2400 V au substratd’alu-
une interface entre la couche d’oxyde d’alu- minium de fagon aformer une couche d’oxy-
minium et le substrat d’aluminium ; de d’aluminium sur une surface du substrat
(i) enlever la couche d’oxyde d’aluminium d’aluminium, de telle sorte qu’'une pluralité
depuis le substrat d’aluminium formé avec de parties en retrait continues sont formées
la couche d’oxyde d’aluminium dessus, for- 35 sur la couche d’'oxyde d’aluminium, et une
mant de ce fait une pluralité de parties en pluralité de parties en retrait continues
retrait semi-sphériques continues ayant un ayantune courbure dans une directioniden-
diamétre de 200 a 800 nm sur une surface tique a celle des parties en retrait sur la cou-
du substrat d’aluminium ; et che d’oxyde d’aluminium sont formées sur
(iii) former une pluralité d’éléments conve- 40 une interface entre la couche d’oxyde d’alu-
xes semi-sphériques continus, ayant un minium et le substrat d’aluminium ;
diameétre de 200 a 800 nm, sur la premiere (i) enlever la couche d’oxyde d’aluminium
surface principale d’'une substance trans- depuis le substrat d’aluminium formé avec
parente en utilisant le substrat d’aluminium la couche d’oxyde d’aluminium dessus, for-
formé avec une pluralité de parties enretrait 45 mant de ce fait une pluralité de parties en
semi-sphériques continues en tant qu’un retrait semi-sphériques continues ayant un
moule ; diamétre de 200 a 800 nm sur une surface
du substrat d’aluminium ; et
c) préparer un dispositif électroluminescent or- (iii) former une pluralité d’éléments conve-
ganique enformantune premiére électrode,une 50 xes semi-sphériques continus, ayant un
ou des couche(s) de matiere organique et une diameétre de 200 a 800 nm, sur la premiére
seconde électrode sur le haut du substrat oppo- surface principale d’'une substance trans-
sé au coté adhérant a la substance transparente parente en utilisant le substrat d’aluminium
ayant des éléments convexes semi-sphériques formé avec une pluralité de parties en retrait
continues. 55 semi-sphériques continues en tant qu’un
moule,
5. Dispositif électroluminescent organique selon la re-
vendication 1, danslequella substance transparente dans lequel la substance transparente consiste en
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une matiére polymeére n’ayant pas moins de 60 %
de perméabilité pour un rayon visible.

Procédé pour préparer un dispositif électrolumines-
cent organique, comprenant les étapes consistant
a:

a) adhérer une substance transparente a un
substrat ;

b) avant ou aprés I'étape a), former une pluralité
d’éléments convexes semi-sphériques conti-
nus, ayant un diamétre de 200 a 800 nm, sur
une premiere surface principale de la substance
transparente par un procédé comprenant les
étapes consistant a :

(i) tremper un substrat d’aluminium ayant
au moins une surface d’aluminiumdans une
solution d’acide, et appliquer une tension
d’oxydation de 10 2400V au substrat d’alu-
minium de fagon a former une couche d’oxy-
de d’aluminium sur une surface du substrat
d’aluminium, de telle sorte qu’une pluralité
de parties en retrait continues sont formées
sur la couche d’'oxyde d’aluminium, et une
pluralité de parties en retrait continues
ayantune courbure dans une directioniden-
tique a celle des parties en retrait sur la cou-
che d’oxyde d’aluminium sont formées sur
une interface entre la couche d’oxyde d’alu-
minium et le substrat d’aluminium ;

(i) enlever la couche d’oxyde d’aluminium
depuis le substrat d’aluminium formé avec
la couche d’oxyde d’aluminium dessus, for-
mant de ce fait une pluralité de parties en
retrait semi-sphériques continues ayant un
diameétre de 200 a 800 nm sur une surface
du substrat d’aluminium ; et

(iii) former une pluralité d’éléments conve-
xes semi-sphériques continus, ayant un
diamétre de 200 a 800 nm, sur la premiére
surface principale d’'une substance trans-
parente en utilisant le substrat d’aluminium
formé avec une pluralité de parties en retrait
semi-sphériques continues en tant qu’un
moule ;

c) préparer un dispositif électroluminescent or-
ganique enformantune premiére électrode, une
ou des couche(s) de matiere organique et une
seconde électrode sur le haut du substrat oppo-
sé au coté adhérant a la substance transparente
ayant des éléments convexes semi-sphériques
continues,

dans lequel la substance transparente consiste
en une matiere polymére n’ayant pas moins de
60 % de perméabilité pour un rayon visible.
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Procédé pour préparer un dispositif électrolumines-
centorganique selon larevendication 7, comprenant
en outre les étapes consistant a :

d) adhérer une substance transparente au haut
de la seconde électrode qui n’entre pas en con-
tact avec la couche de matiere organique dans
le dispositif électroluminescent organique ; et
e) avant ou aprées I'étape d), former une pluralité
d’éléments convexes semi-sphériques conti-
nus, ayant un diametre de 200 a 800 nm, sur la
premiére surface principale de la substance
transparente sur le haut de la seconde électro-
de, par un procédé comprenant les étapes con-
sistant a :

(i) tremper un substrat d’aluminium ayant
aumoins une surface d’aluminium dans une
solution d’acide, et appliquer une tension
d’oxydationde 10 2400 V au substratd’alu-
minium de fagon aformer une couche d’oxy-
de d’aluminium sur une surface du substrat
d’aluminium, de telle sorte qu’une pluralité
de parties en retrait continues sont formées
sur la couche d’'oxyde d’aluminium, et une
pluralité de parties en retrait continues
ayantune courbure dans une directioniden-
tique a celle des parties en retrait sur la cou-
che d’oxyde d’aluminium sont formées sur
une interface entre la couche d’oxyde d’alu-
minium et le substrat d’aluminium ;

(i) enlever la couche d’oxyde d’aluminium
depuis le substrat d’aluminium formé avec
la couche d’'oxyde d’aluminium dessus, for-
mant de ce fait une pluralité de parties en
retrait semi-sphériques continues ayant un
diamétre de 200 a 800 nm, sur une surface
du substrat d’aluminium ; et

(iii) former une pluralité d’éléments conve-
xes semi-sphériques continus, ayant un
diamétre de 200 a 800 nm, sur la premiére
surface principale d’'une substance trans-
parente en utilisant le substrat d’aluminium
formé avec une pluralité de parties en retrait
semi-sphériques continues en tant qu’un
moule.
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