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Description
BACKGROUND
1. Field

[0001] This disclosure relates to an organic light emit-
ting diode (OLED) device and a method of manufacturing
the same.

2. Description of the Related Technology

[0002] An organic light emitting diode (OLED) device
emits light when electrons injected from one electrode
are combined with holes injected from another electrode
in an emission layer between the electrodes and gener-
ates an exciton, which releases energy. Since the OLED
device is self-emissive, it has very low power consump-
tion.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0003] One aspect is an organic light emitting diode
(OLED) device capable of improving luminous efficiency.
Another aspect is a method of manufacturing an OLED
device that increases luminous efficiency and simultane-
ously is applied to a large size OLED device.

[0004] Anotheraspectis an OLED device thatincludes
a substrate; a first thin film formed on the substrate and
having protrusions and depressions at the surface; a sec-
ond thin film formed on the first thin film and planarizing
the protrusions and depressions; a first electrode formed
on the second thin film; a light emitting member formed
on the first electrode; and a second electrode formed on
the light emitting member.

[0005] The first thin film and the second thin film may
include materials having refractive index different from
each other. The first thin film and the second thin film
may have refractive index of about 1.1 to 3, respectively.
The refractive index difference between the first thin film
and the second thin film may be at least 0.2.

[0006] The refractive index of the first thin film may
range from about 1.6 to 2.2; and the refractive index of
the second thin film may range from about 1.3 to 1.6.
According to one embodiment, the refractive index of the
first thin film may range from about 1.3 to 1.6; and the
refractive index of the second thin film may range from
about 1.6 to 2.2.

[0007] The first thin film may include silicon oxide, sil-
icon nitride, polyacryl, polyimide, or a combination there-
of; the second thin film may include silicon nitride, alumi-
num oxide, or a combination thereof. The protrusions and
depressions may be irregularly distributed.

[0008] Another aspect is a method of manufacturing
an OLED device that includes providing a first thin film
having protrusions and depressions on a substrate; pro-
viding a second thin film planarizing the protrusions and
depressions on the first thin film; providing a first elec-
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trode on the second thin film; providing a light emitting
member on the first electrode; and providing a second
electrode on the light emitting member.

[0009] The providing afirst thin film having protrusions
and depressions may include forming a first thin film;
coating a dispersing solution including an organic partic-
ulate having a first size on the first thin film; drying the
dispersing solution; etching the organic particulate to pro-
vide an organic particulate having a second size smaller
than the first size; and etching the first thin film using the
organic particulate having the second size as a mask.
[0010] The organic particulate may have a sphere
shape. The organic particulate may include polystyrene.
The etching an organic particulate may use plasma. The
etching a first thin film may be performed by reactive ion
etching.

[0011] The providing a first thin film having protrusions
and depressions may include forming a first thin film in-
cluding an organic material and treating the surface of
first thin film with plasma. The manufacturing method
may further include applying a metal cluster on the first
thin film after forming the first thin film; and the treating
the surface of first thin film with plasma may be performed
by using the metal cluster as a mask.

[0012] Anotheraspectisanorganiclightemitting diode
(OLED) device comprising: a substrate; a first layer
formed on the substrate, wherein the first layer comprises
first and second surfaces opposing each other, wherein
the first surface contacts the substrate, and wherein the
second surface of the first layer has a plurality of convex
and concave portions which are alternately formed with
respect to each other; a second layer formed on the con-
vex and concave portions of the first layer; and an organic
light emitting diode formed on the second layer.

[0013] Inthe above OLED device, the first and second
layers have different refractive indexes. In the above
OLED device, at least two of the convex and concave
portions are not uniformly formed with respect to the re-
maining convex and concave portions. In the above
OLED device, the first layer is formed of silicon oxide,
silicon nitride, polyacryl, polyimide, or a combination
thereof, and wherein the second layer is formed of silicon
nitride, aluminum oxide, or a combination thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a schematic cross-sectional view of
an organic light emitting diode (OLED) device according
to one embodiment.

[0015] FIG. 2A to FIG. 2D are cross-sectional views
sequentially showing a method of manufacturing the
OLED device according to one embodiment.

[0016] FIG. 3 is an atomic force microscope image
showing protrusions and depressions of an OLED device
according to another embodiment.

[0017] FIG.4isascanning electron microscope (SEM)
photograph showing protrusions and depressions after
removing polystyrene particulate in Example 1.
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[0018] FIG. 5 is a SEM photograph showing a
planarized surface after depositing silicon nitride in Ex-
ample 1.

DETAILED DESCRIPTION OF CERTAIN INVENTIVE
ASPECTS

[0019] In order to further reduce the power consump-
tion, it is important to increase the luminous efficiency of
an organic light emitting diode (OLED) device. The lumi-
nous efficiency may be determined by the internal quan-
tum efficiency which is a ratio of the charge number in-
jected from electrode to the quantum number generated
from emission layer and the external quantum efficiency
which is aratio of quantum number generated from emis-
sion layer to quantum number emitted to the outside.
[0020] This disclosure will be described more fully
hereinafter with reference to the accompanying draw-
ings, in which exemplary embodiments of this disclosure
are shown. As those skilled in the art would realize, the
described embodiments may be modified in various dif-
ferent ways, all without departing from the scope of this
disclosure.

[0021] In the drawings, the thickness of layers, films,
panels, regions, etc., are exaggerated for clarity. Like
reference numerals designate like elements throughout
the specification. It will be understood that when an ele-
ment such as a layer, film, region, or substrate is referred
to as being "on" another element, it can be directly on
the other element or intervening elements may also be
present. In contrast, when an element is referred to as
being "directly on" another element, there are no inter-
vening elements present.

[0022] FIG. 1 is a cross-sectional view of an OLED
device according to one embodiment. A first thin film (or
afirstlayer) 112 is formed on an insulation substrate 110
made of, for example, transparent glass or plastic. In one
embodiment, the first thin film 112 has alternately formed
protrusions and depressions (or convex and concave
portions) 112a. The protrusions and depressions may be
irregularly distributed at the surface. In one embodiment,
the protrusions and depressions 112a consists in a pho-
tocrystal member having a nano-sized pattern having a
height of about 10 nm to about 2um. In this embodiment,
the protrusions and depressions 112a decrease the total
reflection of light in the inside and decrease the emitted
light amount to the vertical direction from the substrate
by controlling the light passage.

[0023] The first thin film 112 may be made of inorganic
material or organic material having a refractive index of
about 1.1 to about 3.0. The inorganic material may in-
clude, for example, silicon oxide (SiO,), silicon nitride
(SiN,), ora combination thereof; the organic material may
include, for example, polyacryl, polyimide, or a combina-
tion thereof. When the refractive index of the first thin film
112 is similar to the refractive index of the insulation sub-
strate 110, it is possible to decrease the internal total
reflection generated at the interface between the insula-
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tion substrate 110 and the first thin film 112.

[0024] A second thin film (or a second layer) 114 may
be formed on the first thin film 112 to planarize the pro-
trusions and depressions 112a of the first thin film 112.
The second thin film 114 planarizes the protrusions and
depressions 112a of the first thin film 112 to provide a
plane emission layer. Therefore, it is possible to prevent
that an emission layer having a lower thickness is formed
on the inclined surface of protrusions and depressions
112a. It is also possible to prevent that the current is
concentrated in the inclined partin the case that the emis-
sion layer is formed along with the shape of protrusions
and depressions 112a. As a result, the degeneration of
the device is prevented and the reliability is improved.
[0025] In one embodiment, the second thin film 114
has a refractive index of about 1.1 to about 3.0. In addi-
tion, when the refractive index of second thin film 114 is
similar to the refractive index of first electrode 191, it is
possible to decrease the total internal reflection gener-
ated at the interface between the second thin film 114
and the first electrode 191.

[0026] The second thin film 114 may be made of inor-
ganic material or organic material having a refractive in-
dex different from that of the first thin film 112. The inor-
ganic material may include, for example, silicon nitride
(SiN,), aluminum oxide (Al,O3), or a combination thereof;
the organic material may include, for example, polyacryl,
polyimide, or a combination thereof.

[0027] Therefractive index difference between the first
thin film 112 and the second thin film 114 may be at least
about 0.2. For example, the first thin film 112 may have
arefractiveindex of about 1.6 to about 2.2 and the second
thin film 114 may have a refractive index of about 1.3 to
about 1.6. Further, the first thin film 112 may have a re-
fractive index of about 1.3 to about 1.6 and the second
thin film 114 may have a refractive index of about 1.6 to
about 2.2.

[0028] As mentioned above, the total internal reflection
is decreased and the amount of light emitted to the front
surface is increased by providing protrusions and depres-
sions at the interface between the first thin film 112 and
the second thin film 114 having different refractive index.
Accordingly, the light extracting efficiency may be in-
creased.

[0029] A first electrode 191 is formed on the second
thin film 114. The first electrode 191 may be either anode
or cathode and may be made of a transparent conductive
material such as ITO or 1ZO.

[0030] An organic light emitting member 370 is formed
onthefirstelectrode 191. The organic light emitting mem-
ber 370 may have a multi-layer structure including an
emission layer (not shown) and an auxiliary layer (not
shown) for improving the luminous efficiency of emission
layer.

[0031] Theemissionlayer may be made of and organic
material or a mixture of organic material and inorganic
material inherently emitting one color light among primary
colors of red, green, and blue. It may include aluminum
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tris(8-hydroxyquinoline), [Alg3], anthracene, distryl com-
pound or a combination thereof. The organic light emit-
ting diode (OLED) device expresses the desirable image
by mixing of primary color lights generated from the emis-
sion layer.

[0032] The auxiliary layer may include one or at least
two layers selected from the group consisting of an elec-
tron transport layer (ETL) (not shown) and hole transport
layer (HTL) (not shown) for balancing electrons and
holes; an electron injection layer (EIL) (not shown) and
hole injection layer (HIL) (not shown) for enforcing the
injection of electrons and holes.

[0033] A second electrode 270 is formed on the organ-
ic light emitting member 370. When the first electrode
191 is made of a transparent conductive material, the
second electrode 270 may be made of opaque conduc-
tive material such as aluminum (Al), calcium (Ca) barium
(Ba), or a combination thereof.

[0034] The first electrode 191 may be an anode, and
the second electrode 270 may be a cathode; on the other
hand, the first electrode 191 may be a cathode, and the
second electrode 270 may be an anode.

[0035] As described above, the OLED device accord-
ing to one embodiment limits the light passage to in-
crease the light extracting effect to the vertical direction
of the substrate and to increase the light amount emitted
to the outside among the light generated from the emis-
sionlayer. Thereby, itis possible toincrease the luminous
efficiency and the life-span of the device and, simultane-
ously, to decrease the driving voltage of the OLED de-
vice.

[0036] Hereinafter, the method of manufacturing the
OLED device shownin FIG. 1 is described with reference
to FIG. 2A to FIG. 2D together with FIG. 1.

[0037] FIG. 2A to FIG. 2D are cross sectional views
sequentially showing the method of manufacturing the
OLED device according to one embodiment. In one em-
bodiment, the OLED is manufactured as follows.
[0038] First, as shown in FIG. 2A, a lower layer 111 is
formed on the substrate 110. The lower layer 111 may
use, for example, the substrate 110 without any further
treatment, or it may be formed of, for example, silicon
oxide, silicon nitride in accordance with plasma en-
hanced chemical vapor deposition (PECVD).

[0039] Then a dispersing solution (not shown) includ-
ing a plurality of organic particulates 50 is coated on the
lower layer 111. The dispersing solution may be, for ex-
ample, a suspension in which the organic particles 50
are mixed into a dispersing solvent such as water. The
coating may be performed, for example, by spin coating.
[0040] In one embodiment, the organic particles 50
have a spherical shape and are made of organic material,
for example, polystyrene. Each or at least one of the or-
ganic particles (or the first organic particles) 50 may have
a size of about 0.03 pm to about 3.2 wm. In one embod-
iment, the dispersing solution is dried to remove the sol-
vent and thus provide the organic particles 50 on the
lower layer 111.
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[0041] As shown in FIG. 2B, the organic particles 50
are etched using, for example, oxygen plasma to provide
etched organic particles (or second organic particles) 50a
having a smaller size than the organic particles 50. Each
or at least one of the etched organic particles 50a may
have a size of about 0.01 wm to about 2.0 pm.

[0042] Referring to FIG. 2C, the lower layer 111 is
etched using the etched organic particles 50a as a mask.
The etching may be performed by reactive ion etching
(RIE), and it may use, for example, CHF 5, CF, plasma.
As a result of the etching process, a first thin film 112
having a plurality of protrusions and depressions 112a
is provided as shown in FIG. 2C.

[0043] Then the etched organic particles 50a are re-
moved, and a second thin film 114 is formed on the first
thin film 112. The second thin film 114 may be formed
of, for example, silicon nitride, aluminum oxide in accord-
ance with plasma enhanced chemical vapor deposition
(PECVD).

[0044] Referring backto FIG. 1, the first electrode 191,
the organic light emitting member 370, and the second
electrode 270 are sequentially formed on the second thin
film 114.

[0045] According to one embodiment, the protrusions
and depressions 112a may be easily provided by coating
and etching process. Accordingly, it may be easily ap-
plied for a large size OLED device, so it is possible to
overcome the limits that it cannot apply for the large area
when using laser.

[0046] Hereinafter, the method of manufacturing an
OLED device according to another embodiment is de-
scribed. As in the aforementioned embodiment, the lower
layer 111 is formed on the substrate 110. The lower layer
111 may be made of an organic material. The lower layer
111 made of organic material may be cured by heating
in an oven or on a heating plate after spin coating.
[0047] In one embodiment, the surface of the lower
layer 111 made of organic material is treated with plasma
to provide a rough surface. The plasma may use, for ex-
ample, argon (Ar) plasma. By treating the surface of the
lower layer 111 made of organic material with plasma, it
is possible to relatively easily provide the protrusions and
depressions 112a. Therefore, the luminous efficiency is
increased due to the protrusions and depressions 112a.
[0048] Hereinafter, the method of manufacturing an
OLED device according to further another embodiment
is described. As in the aforementioned embodiment, the
lower layer 111 is formed and treated with plasma to pro-
vide the protrusions and depressions 112a. However,
differing from the aforementioned embodiment, a metal
cluster is applied on the lower layer 111. Then the lower
layer 111 is treated with plasma using the metal cluster
as a mask to provide the first thin film 112 having the
protrusions and depressions 112a at the surface.
[0049] The following examplesillustrate this disclosure
in more detail. These examples, however, are not in any
sense be interpreted as limiting the scope of this disclo-
sure.
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Example 1

[0050] 10 g of sphere polystyrene particles having an
average diameter of 0.6 wm was dispersed in 100 mL of
water to provide a suspension.

[0051] Asilicon oxide (SiO,) was deposited on a glass
substrate in 0.5 pm in accordance with a chemical vapor
deposition (CVD) method. Then the suspension was
spin-coated on the silicon oxide layer at 800 rpm. The
suspension was dried ata temperature of 25°C toremove
the solvent. The substrate was introduced in a plasma
chamber and supplied with oxygen gas (O,) and argon
gas (Ar) to plasma-etch the polystyrene particles. Oxy-
gen gas (O,) and argon gas (Ar) were supplied in a flow-
ing amount of 2 sccm and 5 sccm, respectively, and RF
(radio frequency) was 200 W. By the plasma etch, the
size of polystyrene particles was decreased into about
0.3 pm. The silicon oxide layer was dry-etched with using
the etched polystyrene particles as a mask. The dry etch-
ing was performed using CHF; in an inductive coupled
plasma (ICP) etching device. The CHF 3 was supplied in
a flowing amount of 20 sccm; the chamber pressure was
50 mTorr (corresponding approximately to 6.66 Pa); the
ICP output was 500 W; and it was repeated for three
times, each time for 2 minutes. Then the remaining pol-
ystyrene particles were removed by supplying oxygen
gas (O,) and argon gas (Ar) in a room pressure plasma
chamber.

[0052] FIG.4isascanning electron microscope (SEM)
photograph showing protrusions and depressions of
SiO, after removing polystyrene particles. Then 5000 A
silicon nitride was deposited on the etched silicon oxide
layer in accordance with chemical vapor deposition
(CVD) and planarized.

[0053] FIG.5isascanning electron microscope (SEM)
photograph showing the planarized surface after depos-
iting silicon nitride. Then ITO was sputtered on the silicon
nitride layer and patterned. N,N-dinaphthalene-1-yl-N,N-
diphenyl-benzidine (NPB) was deposited as a hole injec-
tion layer (HIL) and a hole transport layer, and an emis-
sion layer oftris-8-hydroxyquinoline aluminum (Alg3)
doped with coumarin 6 in 1 wt% was co-deposited ther-
eon. Then an electron transport layer of Alg3 was depos-
ited thereon, and a LiF electron injection layer (EIL) for
facilitating the implant of electron and Al anode were se-
quentially deposited to provide an organic light emitting
element 300.

Example 2

[0054] Polyacryl with a thickness of 2.0 um was spin-
coated on a glass substrate and dried. Then a substrate
was introduced into a plasma chamber and supplied with
argon gas (Ar) and nitrogen gas (N2) to perform a plasma
etching. The plasma etching was performed under the
condition of flowing amount of argon gas (Ar) of 40 sccm
and nitrogen gas (N2) of 3 sccm; a chamber pressure of
200 mTorr (corresponding approximately to 26.66 Pa);
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ICP output of 400W; and an etching time of 5 minutes.
The roughness of the surface of organic layer after the
etching was measured by an atomic force microscope
(AFM).

[0055] FIG. 3isanimage obtained with an atomic force
microscope showing protrusions and depressions of an
OLED device obtained from another embodiment. Re-
ferring to FIG. 3, it is confirmed that protrusions and de-
pressions 112a had a height of about 200 to about 500
A and were irregularly distributed on the entire surface
of substrate. Then similarly to Example 1, a silicon nitride
layer, ITO, an emission layer, and silver were sequen-
tially laminated to provide an organic light emitting ele-
ment 300.

Example 3

[0056] Silicon oxide (SiO2) was laminated on a glass
substrate with a thickness of 0.5 pum in accordance with
a chemical vapor deposition (CVD) method. Then a Ni
layer was deposited on the silicon oxide layer with a thick-
ness of 5 nm using an electron beam depositor. A sub-
strate was introduced in a rapid thermal annealing (RTA)
device and treated at 850°C for one minute to provide a
nano-sized Ni cluster. A silicon oxide layer was etched
by a reactive ion etching (RIE) using the Ni cluster as a
mask. Then the Ni cluster was removed using a nitric
acid solution. Then, similarly to Example 1, a silicon ni-
tride layer, ITO, an emission layer, and silver were se-
quentially laminated to provide an organic light emitting
element 300.

[0057] According to at least one embodiment, since
the protrusions and depressions are formed where light
generated from the emission layer passes, the light ex-
tracting efficiency in the vertical dimension of the sub-
strate increases. Furthermore, the amount of light emit-
ted to the environment increases. Thereby, the luminous
efficiency is improved, and the life-span of the device is
lengthened. Simultaneously, the driving voltage of an or-
ganic light emitting diode (OLED) device may be de-
creased. In addition, since the protrusions and depres-
sions may be formed by a wet process such as spin-
coating or a dry process such as plasma etching, it is
possible to be applied for a large size display device.
[0058] While this disclosure has been described in
connection with what is presently considered to be prac-
tical exemplary embodiments, it is to be understood that
this disclosure is not limited to the disclosed embodi-
ments, but, on the contrary, is intended to cover various
modifications and equivalent arrangements included
within the scope of the appended claims.

Claims

1. An organic light emitting diode (OLED) device com-
prising:
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a substrate (110);

a first thin film (112) formed on the substrate
(110), wherein the first thin film (112) comprises
first and second surfaces opposing each other,
wherein the first surface contacts the substrate
(110), and wherein a plurality of protrusions and
depressions (112a) are alternately formed on
the second surface of the first thin film (112);

a second thin film (114) formed on the protru-
sions and depressions (112a) of the first thin film
(112) for planarizing the protrusions and depres-
sions (112a) of the first thin film (112);

afirst electrode (191) formed on the second thin
film (114);

an organic light emitting member (370) formed
on the first electrode (191); and

a second electrode (270) formed on the organic
light emitting member (370).

The OLED device of claim 1, wherein the first thin
film (112) and the second thin film (114) have differ-
ent refractive indexes.

The OLED device of one of the preceding claims,
wherein each of the first thin film (112) and the sec-
ond thinfilm (114) has arefractive index ranging from
1.1 to 3.

The OLED device of claim 3, wherein the refractive
indexes of the first thin film (112) and second thin
film (114) differ by at least 0.2.

The OLED device of one of the preceding claims,
wherein the first thin film (112) has a refractive index
ranging from 1.6 to 2.2 and the second thin film (114)
has a refractive index ranging from 1.3 to 1.6, or
wherein the first thin film (112) has a refractive index
ranging from 1.3 to 1.6, and the second thin film (114)
has a refractive index ranging from 1.6 to 2.2.

The OLED device of one of the preceding claims,
wherein the first thin film (112) is formed of silicon
oxide, silicon nitride, polyacryl, polyimide, or a com-
bination thereof, and/or

wherein the second thin film (114) is formed of silicon
nitride, aluminum oxide, or a combination thereof.

The OLED device of one of the preceding claims,
wherein the protrusions and depressions (112a) are
irregularly distributed.

A method of manufacturing an organic light emitting
diode (OLED) device comprising:

providing a first thin film (112) on a substrate
(110), wherein the first thin film (112) comprises
first and second surfaces opposing each other,
wherein the first surface contacts the substrate
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9.

10.

1.

12

13.

14.

15.

(110), and wherein the second surface of the
first thin film (112) has a plurality of protrusions
and depressions (112a) which are alternately
formed with respect to each other;

providing a second thin film (114) on the second
surface of the first thin film (112) so as to
planarize the protrusions and depressions
(112a);

providing a first electrode (191) on the second
thin film (114);

providing a light emitting member (370) on the
first electrode (191); and

providing a second electrode (270) on the light
emitting member (370).

The method of claim 8, wherein the providing of the
first thin film (112) comprises:

forming a lower layer (111) on the substrate
(110);

coating a dispersing solution on the lower layer
(111), wherein the dispersing solution contains
a plurality of first organic particles (50) at least
one of which has a first size;

drying the dispersing solution;

etching the first organic particles (50) into a plu-
rality of second organic particles (50a) at least
one of which has a second size smaller than the
first size; and

etching the lower layer (111) with the use of the
second organic particles (50a) as a mask to ob-
tain the first thin film (112) with protrusions and
depressions (112a).

The method of claim 9, wherein the first and second
organic particles (50, 50a) have a spherical shape.

The method of one of claims 9 and 10, wherein the
first and second organic particles (50, 50a) contain
polystyrene.

The method of one of claims 9-11, wherein the etch-
ing of the first organic particles (50) is performed by
plasma.

The method of one of claims 9-12, wherein the etch-
ing of the lower layer (111) is performed by reactive
ion etching.

The method of claim 8, wherein the providing of the
first thin film (112) comprises:

forming a first thin film (112) containing an or-
ganic material; and

treating the surface of the first thin film (112) with
plasma.

The method of claim 14, further comprising applying
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a metal cluster on the first thin film (112) after lami-
nating the first thin film (112); and

wherein the plasma treating of the surface of the first
thin film (112) is performed with the use of the metal
cluster as a mask.

Amended claims in accordance with Rule 137(2)
EPC.

1. A method of manufacturing an organic light emit-
ting diode (OLED) device comprising:

providing a first thin film (112) on a substrate
(110), wherein the first thin film (112) comprises
first and second surfaces opposing each other,
wherein the first surface contacts the substrate
(110), and wherein the second surface of the
first thin film (112) has a plurality of protrusions
and depressions (112a) which are alternately
formed with respect to each other;

providing a second thin film (114) on the second
surface of the first thin film (112) so as to
planarize the protrusions and depressions
(112a), wherein the first thin film (112) and the
second thin film (114) have different refractive
indexes;

providing a first electrode (191) on the second
thin film (114);

providing a light emitting member (370) on the
first electrode (191); and

providing a second electrode (270) on the light
emitting member (370), wherein the step of pro-
viding of the first thin film (112) comprises:
forming a lower layer (111) on the substrate
(110);

coating a dispersing solution on the lower layer
(111), wherein the dispersing solution contains
a plurality of first organic particles (50) at least
one of which has a first size;

drying the dispersing solution;

etching the first organic particles (50) into a plu-
rality of second organic particles (50a) at least
one of which has a second size smaller than the
first size; and

etching the lower layer (111) with the use of the
second organic particles (50a) as a mask to ob-
tain the first thin film (112) with protrusions and
depressions (112a).

2. The method of claim 1, wherein the first and sec-
ond organic particles (50, 50a) have a spherical
shape.

3. The method of one of claims 1 and 2, wherein the
first and second organic particles (50, 50a) contain
polystyrene.
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4. The method of one of the preceding claims, where-
in the etching of the first organic particles (50) is per-
formed by plasma.

5. The method of one of the preceding claims, where-
in the etching of the lower layer (111) is performed
by reactive ion etching.

6. The method of claim 1, wherein the providing of
the first thin film (112) comprises:

forming a first thin film (112) containing an or-
ganic material; and

treating the surface of the first thin film (112) with
plasma.

7. The method of claim 6, further comprising applying
a metal cluster on the first thin film (112) after lami-
nating the first thin film (112); and

wherein the plasma treating of the surface of the first
thin film (112) is performed with the use of the metal
cluster as a mask.
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