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Description

Field of the invention

[0001] The present invention is directed to a method
of manufacturing nanostructures on a surface of a metal
substrate, comprising forming said nanostructures by
means of a forming step, said forming step including sub-
sequently performing at least once the steps of: anodiz-
ing said surface of said substrate at a second voltage for
forming at said surface a second oxidized metal layer
comprising second pores; and performing an etching
step on said surface for modifying the dimensions of said
second pores.
[0002] The invention is further directed to a method of
manufacturing a mould, and a method of manufacturing
an optical element from such mould, comprising method
steps as defined above. Furthermore the invention is di-
rected to an optical element as such manufactured.

Background

[0003] Optical reflections of various optical surfaces
(eg. windows, lenses, filters etc.) often influence the op-
tical performance of a system that is operated or used
by its optical properties. The often encountered negative
effects of non-desired optical reflections in optical sys-
tems are typically reduced by the application of reflection
reducing coatings on these surfaces. These so-called
anti reflection (AR) coatings are often composed of de-
fined layers of different refractive index materials to re-
duce the reflectivity. For many applications this approach
is not sufficient and a broadband AR coating is desired.
[0004] Nature solved this challenge by the creation of
nanostructures which can be found on the compound
eye of insects (moth eye). Various methods have been
shown in literature how to create nanostructure textures
on different surfaces. The challenge however lies in the
fact that for many applications large area coverage is
desired.
[0005] One of the most promising methods for large
area nano structuring for moth eye AR coatings is the
use of alternating steps of etching and anodizing. When
anodizing a metal surface (aluminum) typically a closed
aluminum oxide (alumina) layer is formed. This aluminum
oxide layer is amorphous and consists of interconnected
islands of alumina with a nanopore in the middle. This
results over large areas in a closely packed nanopore
structure over the entire surface. European patent appli-
cation EP1643546, for example, describes how alternat-
ing anodizing and etching steps can be used to create
an inverted moth eye structure in an aluminum/alumina
layer. The inverted nanostructures in this structure have
all the same shape and dimension, and may be used as
a mould for creating a positive structure.
[0006] Although the moth eye anti reflection coatings
and surfaces outperform most other type of AR coatings,
these conventional moth eye structure surfaces still fall

short in performance for a number of high end application
with strict requirements. Thereto, latest developments in
this field are directed to the design of hybrid moth eye
structure surfaces. A hybrid moth eye structure surface
is a moth eye surface comprising nanostructures of dif-
ferent dimensions. The challenge however lays in the
fact that such hybrid moth eye structure surfaces are dif-
ficult to manufacture.

Summary of the invention

[0007] It is an object of the present invention to obviate
the problems of the prior art, and to provide a method for
manufacturing nanostructures on a surface, such as a
hybrid moth eye type anti reflective surface that can be
applied to large surfaces effectively and with sufficient
quality in the end product.
[0008] The above mentioned objects and advantages
of the invention are achieved in that there is provided a
method of manufacturing nanostructures on a surface of
a metal substrate, comprising forming said nanostruc-
tures by means of a forming step, said forming step in-
cluding subsequently performing at least once the steps
of: anodizing said surface of said substrate at a second
voltage for forming at said surface a second oxidized
metal layer comprising second pores; and performing an
etching step on said surface for modifying the dimensions
of said second pores; wherein prior to said forming step
said method comprises a substrate preparation step for
enabling the forming a mix of different sized nanostruc-
tures during said forming step, said preparation step in-
cluding the steps of: anodizing said surface at a first volt-
age for forming at said surface a first oxidized metal layer
comprising first pores; selectively etching said surface
for extending said first pores into said metal underneath
said first oxidized metal layer; and removing said first
oxidized metal layer.
[0009] The invention is directed to preparing the metal
substrate such that a precise and accurate distribution
of pores is formed prior to the regular consecutive steps
of anodizing and etching. The forming of such pores is
performed by performing an additional step of anodizing,
followed by a selective etching step. During the selective
etching step, the dept of the pores is extended all the
way into the metal underneath the first oxidized metal
layer. As a next step, the first oxidized metal layer is re-
moved from the surface, thereby leaving the first pores
in the metal intact.
[0010] The invention is based on the insight that by
performing an additional anodizing step, a regular distri-
bution of first pores across the surface of the metal sub-
strate is achieved. By deepening these first pores into
the metal underneath the first oxidized metal layer, and
subsequently removing the first oxidized metal layer, a
metal substrate is created wherein a number of regularly
organized distributed pores are present on the surface.
[0011] If this preparation step is followed by a regular
method of anodizing and etching, this yields a surface
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comprising nanostructures having different dimensions.
These differently dimensioned nanostructures are regu-
larly organized across the surface of the metal substrate.
The nanostructures formed therewith resemble a nega-
tive master structure that may be used as a mould. The
negative master structure consists of a distribution of
deep and shallow indentations. The deep indentations
coincide with the locations of the first pores during the
preparation step. The shallow indentations are formed in
between the deep indentations.
[0012] A positive master structure for creating an op-
tical element, such as a hybrid moth eye structure anti
reflective element, may be provided by filling the nano-
pore structure thus created using a liquid polymer or met-
al. This liquid polymer or metal is then cured and sepa-
rated from the mould for providing the positive master
structure. Separating the negative master structure from
the positive master structure may for example be easily
performed by removing the oxidized metal in between
both parts (positive and negative) of the master structure.
[0013] Preferably, in the method of the present inven-
tion, during the preparation step, the first voltage used
during anodization is larger than the second voltage
which is used during the forming step of the method. As
may be appreciated, the distance between the first pores
being formed during anodization and (related thereto)
the size of the interconnected islands of oxidized metal
in between the pores, is proportional with the anodization
potential. If the anodization step is performed at a higher
voltage level, the distance between the first pores be-
comes larger. As a result it becomes possible to control
the surface density of the first pores formed during the
preparation step by controlling the first voltage used dur-
ing the anodization step of the preparation step. By in-
creasing the first voltage, the number of first pores per
square centimetre, and therewith the number of large
nanostructures in the end result, decreases. Using a first
voltage which is larger than the second voltage, the
number of sparsely distributed large nanostructures are
created on the surface, with a plurality of smaller nanos-
tructures in between (the latter being created during sub-
sequent alternating anodizing and etching steps).
[0014] The etchant used during the selective etching
step during preparation is preferably selected such as to
be suitable for etching the metal more intensively than
the metal oxide. As a result, performing etching on the
first pores will primarily deepen the first pores as soon
as the metal underneath the oxidized metal layer has
been reached during etching.
[0015] Although the metal substrate may be made of
a number of different candidate metals, preferably, the
metal substrate consists of aluminium, even more pref-
erably aluminium having a degree of purity of 99,99%.
High purity of at least 99,99% is preferred for avoiding
deformations in the end result due to impurities in the
anodizing layer.
[0016] Moreover, for improving the end result, the
preparation step, after removing the first oxidizing layer,

may further comprise the steps of anodizing said surface
at a third voltage for forming at said surface a third oxi-
dized metal layer comprising third pores; and removing
said third oxidized metal layer. These additional steps
result in less variation of dimensions between individual
nanostructures of a same size.
[0017] Also in addition to the above, according to a
further embodiment, the preparation step may be pre-
ceded by one or more steps selected from comprising
heat treating of said metal substrate; polishing of said
surface of said metal substrate; cleaning of said surface
of said metal substrate. The above suggested optional
additional method steps enable to obtain a more smooth
surface of the metal substrate which fits the requirements
for a desired optical surface roughness, in particular for
an anti reflective optical element.
[0018] According to a further aspect of the present in-
vention there is provided a method of manufacturing a
mould for forming an optical element. This method com-
prises a manufacturing method as described herein
above.
[0019] According to yet another third aspect of the in-
vention there is provided a method of manufacturing an
optical element using a mould as suggested above.
[0020] The invention, according to a fourth aspect, is
directed to an optical element manufactured using a
method as defined herewith, in particular according to an
embodiment thereof, a hybrid moth eye structure anti re-
flective element.

Brief description of the drawings

[0021] The invention will further be elucidated by de-
scription of some specific embodiments thereof, making
reference to the attached drawings, wherein:

Figures 1a-1i disclose a metal substrate and an op-
tical element during each stage of a method accord-
ing to an embodiment of the present invention.
Figure 2 schematically illustrated an overview of a
method in accordance with an embodiment of the
present invention.

Detailed description

[0022] Figure 1a-1i disclose a metal substrate during
a number of consecutive method steps of a method in
accordance with an embodiment of the present invention.
Eventually, in Figure 1i, there is disclosed an optical el-
ement as created using a manufacturing method of the
present invention.
[0023] In Figure la, the method starts with metal sub-
strate 1, schematically illustrated as a block. The surface
2 of the metal substrate 1 will be the subject of a plurality
of method steps for creating nanostructures forming a
negative master structure for manufacturing an optical
element therewith. The metal substrate 1 is preferably
made of aluminium having a degree of purity of at least
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99,99%. Alternatively, the metal substrate may be made
of aluminium having a different degree of purity, or even
a different metal that is suitable for processing by means
of anodization, such as titanium, zinc, magnesium, nio-
bium, and tantalum, and any alloys comprising at least
one of these elements.
[0024] The use of aluminium having a degree of purity
of at least 99,99% is preferred in order to provide a sur-
face 2 which is (to a large degree) void of impurities that
may give rise to undesired deformations during the an-
odization step. Optionally, prior to the actual start of the
manufacturing process, the surface 2 of the metal sub-
strate may be heat treated, polished and/or cleaned such
as to obtain a smooth surface that fits the requirement
for desired optical surface roughness.
[0025] With or without the optional steps of heat treat-
ing, polishing and cleaning of the surface, the manufac-
turing method according to the present invention prima-
rily exists of a preparation phase and a forming phase.
During the preparation phase, the substrate is prepared
in such a manner that it will be straightforward during the
forming phase to create nanostructures of different sizes.
As will be appreciated, this is required in order to achieve
a hybrid moth eye structure type surface rather than a
moth eye structure type surface having nanostructures
that on averagely have all the same size.
[0026] The preparation step starts with a step of ano-
dizing at a first voltage. The results of the step of anodiz-
ing are illustrated schematically in Figure lb. Figure lb
again shows the metal substrate 1. On a surface 2 of the
metal substrate, as a result of the anodization step, a first
metal oxide layer is present. Assuming that the method
has started with a metal substrate made of aluminium
having a degree of purity of at least 99,99%, the first
metal oxide layer 3 is a layer of alumina (Al2O3). The
anodization step has created a typically closed alumini-
um oxide (alumina) layer, which is amorphous and con-
sists of interconnected islands 5 of alumina with nanop-
ores 6 in between. Typically, the size of the interconnect-
ed alumina islands 5 is proportional with the anodization
potential: the first voltage. The packing and localization
of the alumina islands is caused by coulomb interactions
between the charged domains. As a result, more or less
regularly distributed across the surface 2 of the metal
substrate 1 the nanopores 6 are formed in between the
alumina islands 5. The depth of the nanopores is slightly
less than the thickness of the alumina layer 3. As a result,
the bottom of each nanopore 6 is not in contact with the
aluminium of the metal substrate 1 underneath the alu-
mina layer 3.
[0027] The next step in the process is the step of se-
lective etching performed mainly in the nanopores 6. The
selective etching is performed using an etchant such that
etching of the aluminium is performed more intensively
than etching of the metal oxide. An example of such an
etchant is known as PES 77-19-04 (the chemical com-
position at 30 °C being: H3PO4 : CH3COOH : HNO3 =
77: 19: 04). This etchant provides good results, although

this is certainly not the only suitable etchant available
and the invention is not limited to this specific etchant.
The etching of the nanopores 6 results in deepening of
the bottom of each pore until the aluminium is reached.
Then, since the etchants more intensively etches away
the aluminium than the aluminium oxide, the etching step
mainly results in the nanopores 6 extending a certain
distance 8 into the aluminium of the metal substrate 1
underneath the alumina layer 3. This is illustrated sche-
matically in Figure lc. In Figure lc, the metal substrate 1
with the alumina layer 3 is illustrated, again indicating the
alumina islands 5 and the nanopores 6. Each of the na-
nopores 6 extends over a certain distance 8 into the metal
underneath the alumina layer 3 as a result of the selective
etching step.
[0028] After the step of selective etching, the alumina
layer 3 is removed by means of any suitable method
therefore. As will be appreciated, the alumina layer 3 may
be removed by another selective etching step using chro-
mic acid. This leaves the aluminium underneath the alu-
mina layer 3 in tact, and primarily removes only the alu-
mina layer. The result of this step is illustrated in Figure
1d. Figure 1d again illustrates the metal substrate 1 with
this time only the ends 8 of the nanopores present on the
(new) top surface 2’ of the metal substrate 1.
[0029] Optionally, and in accordance with the preferred
embodiment, a further step of anodization is performed
at a second voltage level, the second voltage being lower
than the first voltage. Since the second voltage is lower
than the first voltage, the size of alumina islands 11 will
be smaller than the size of the alumina islands 5 that
resulted after the first anodization step. As a result of the
present anodization step at the second voltage level, a
large number of alumina islands 11 with nanopores 10
in between will be present on the surface 2’, as illustrated
in Figure 1e. Further to this, the ends 8 of the original
pores 6 that extend to a more deeper level into the alu-
minium of the metal substrate 1 are also still present in
the surface 2’, as illustrated in Figure 1e.
[0030] In the next method step, the alumina layer 9
created by the last anodization step is removed, and the
result is illustrated in Figure 1f The new surface 2" is a
rather rough surface consisting of small indentations al-
ternated by the pores 8. This is the end of the preparation
phase of the manufacturing method.
[0031] In the subsequent forming phase of the manu-
facturing method, a multistep anodization and etching
procedure is carried for forming the 5 desired nanostruc-
tures on the surface 2". The step of anodization may be
carried out at the second voltage level creating small is-
lands of alumina with nanopores in between. The etching
step will widen all of the pores slightly, after which a fur-
ther deepening is carried out by (optionally) performing
an additional anodization and etching step. The steps of
anodization and etching may be carried out a number of
times for creating nanostructures of desired size (having
pores of a desired width). In Figure 1g, the end result of
this step is visible, again illustrating the metal substrate
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1 of aluminium, with an aluminium oxide layer 14 on top.
The aluminium oxide layer 14 consists of a large number
of pores 15 which are every so often alternated by the
pores 8. Figure 1g resembles the result after the manu-
facturing method of the present invention providing a
negative master structure or mould that enables to create
a positive master structure or optical element comprising
nanostructures as desired. The mould is formed by the
metal substrate 1. The mould 1 as such created is cov-
ered by a suitable polymer or metal in a liquid (e.g. mol-
ten) state for manufacturing the positive master structure
or optical element.
[0032] The result of covering the surface 2" of the
mould 1 with the liquid polymer is illustrated in Figure 1h.
Here, the metal substrate 1 or mould 1 is illustrated hav-
ing the alumina layer 14 comprising the large pores 8
and the smaller pores 15 in between. These are covered
with a layer of liquid or molten material 18, e.g. a polymer
of a suitable kind, or a metal or the like. The liquid layer
18 is then cured using any suitable method, after which
the positive master structure 18 is to be separated from
the negative master structure or mould 1. Separation may
be performed by removing the alumina layer 14 using
any suitable method, e.g. selective etching. In Figure 1i,
the optical element 18 which is created using this method
is illustrated, having smaller nanostructures 20 and larger
nanostructures 22 on the surface thereof. The surface
consisting of small nanostructures 20 and large nanos-
tructures 22 resembles a hybrid moth eye structure type
surface.
[0033] As will be appreciated, the larger nanostruc-
tures 22 have been created as a result of the preparation
step or preparation phase performed prior to the forming
step. The preparation step included a step of anodizing
of the surface 2 of the metal substrate 1 at a first voltage
level. It is recalled that the size of the alumina islands 5
in Figure 1b, and thereby the locations of the nanopores
6 and the distance in between, is proportional to the mag-
nitude of the first voltage used during anodization. The
nanopores 6 were then deepened by means of selective
etching. As will be appreciated, these steps may option-
ally be repeated at again a different voltage level e.g. for
creating eventually nanostructures of three or more dif-
ferent sizes.
[0034] Figure 2 schematically illustrates the method of
the present invention. The method 30 starts with provid-
ing the metal substrate 31, and subjecting the surface of
the metal substrate consecutively to the steps of heating
34, polishing 35 and cleaning 36. As already explained
above, the steps of heating, polishing and cleaning (34,
35, 36) are optional steps and may be dispensed with.
However, in the preferred embodiment, these steps are
performed prior to the preparation phase of the manu-
facturing method 30.
[0035] After cleaning in step 36, the preparation phase
40 starts with the step of anodizing 41 which is performed
at a first (high) voltage. This voltage is preferably taken
to be within a range of 80V through 150V, more preferably

80V through 120V, for example 100V. This creates a first
oxidized metal layer containing a number of first pores.
These pores in step 42 are deepened by means of a
selective etching process, as explained above. Then in
step 45, the first metal oxide layer created during the
anodization step is removed, for example again by
means of a selective etching step using a different etch-
ant (e.g. chromic acid).
[0036] Optionally, and in accordance with the preferred
embodiment, in step 46 a further anodization is per-
formed at a second voltage, wherein the second voltage
is smaller than the first voltage. Comparatively, the sec-
ond voltage may be a voltage selected within a range of
20V through 60V (preferably 30V through 50V, for exam-
ple 40V). This anodization may be performed for any suit-
able duration. It has been experienced that, in accord-
ance with the preferred embodiment, the duration of this
anodization step at low second voltage is performed for
a duration of at least 12 hours. Comparatively, the ano-
dization at the first high voltage during the preparation
phase 40 may also be performed for a long duration,
preferably 12-15 hours. The anodization step at the lower
second voltage in step 46 creates a third metal oxide
layer on the metal substrate 1. In step 48, after the ano-
dization of step 46, the third metal oxide layer is removed
by means of, for example, an etching step using chromic
acid. The preparation phase 40 is then complete, and
the method continues with the forming phase 50.
[0037] During the forming phase 50 of the method 30,
first the metal substrate 1 is subject to anodization at a
low voltage level, e.g. this may be the second voltage
level that is also used during step 46. This is followed by
etching step 54 wherein the second pores formed in the
second oxidized metal layer during anodization 52 are
widened. Then after etching step 54, at the choice of the
skilled person (step 55), the steps 52 and 54 may be
repeated for as long as necessary such as to create na-
nostructures having the desired shape and size. Prefer-
ably, the steps 52 and 54 in this stage of the method of
the present invention are performed multiple times the
alternating manner as indicated. It has been found that
good results are achieved by performing these steps five
times, although the skilled person will appreciate that the
number of times wherein these steps are performed may
depart from this (e.g. once, 2 times, 3 times, 4 times, 6
times, 7 times, 8 times, etc.), dependent on the depth
end width of the pores to be formed. The forming step
50 of the method then ends and a negative master struc-
ture or mould has been created from the metal substrate.
Then in step 60, for creating an optical element or positive
master structure, the mould is filled with a metal or pol-
ymer in a liquid state. This is cured or solidified, after
which in step 63 the positive master structure is separat-
ed from the negative master structure, e.g. by removing
the oxidized metal layer in between the positive master
structure and the negative master structure as illustrated
in Figure 1h.
[0038] The above described procedure is a wet chem-
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ical procedure which is based on anodization and etch-
ing. As a result, this process can be performed on large
surfaces at once, for creating large hybrid moth eye struc-
ture type surfaces with a relatively small degree of de-
fects. The density, shape, and size control of the nanos-
tructures created are all based on physical and chemical
parameters that may directly be controlled throughout
the manufacturing process such as voltage, electrolyth,
chrystal grain size, reaction time, etc. The method of the
present invention is free of any mechanical, optical or
other techniques for creating the desired surfaces. A
skilled person however appreciates that, if this is for any
reason considered beneficial, the method of the invention
may be enhanced with any such steps at the choice of
the skilled person.
[0039] In addition to the above, although the figures
and embodiments described illustrate the method by ap-
plying it to a metal substrate in the form of a block (or
plate), the method is not limited to such applications, and
as a result of the fact that the method of the present in-
vention is a wet chemical procedure, it may be applied
to any object of arbitrary size and shape.
[0040] The present method can be used in the produc-
tion of coatings for any optical system that is required to
work over a broad spectral range. For example, the meth-
od may be applied for creating optical elements for (sem-
iconductor) lithographic systems, lenses, or any other
anti reflective surfaces. With the method of the present
invention, the anti reflective properties of a surface may
be extended to wave length ranges as large as between
200nm through 1100nm. The method of the present in-
vention may also beneficially be applied for creating op-
tical elements for use in astronomic appliances or in
space. The coatings or elements created herewith will
help to reduce stray light and may be applied to curved
surfaces for which there is presently no suitable tech-
nique available.
[0041] The present invention has been described in
terms of some specific embodiments thereof. It will be
appreciated that the embodiments shown in the drawings
and described here and above are intended for illustrative
purposes only, and are not by any manner or means in-
tended to be restrictive on the invention. The context of
the invention discussed here is merely restricted by the
scope of the appended claims.

Claims

1. Method of manufacturing nanostructures on a sur-
face of a metal substrate, comprising forming said
nanostructures by means of a forming step, said
forming step including subsequently performing at
least once the steps of;
anodizing said surface of said substrate at a second
voltage for forming at said surface a
second oxidized metal layer comprising second
pores; and

performing an etching step on said surface for
modifying the dimensions of said second pores;
wherein prior to said forming step said method com-
prises a substrate preparation step for enabling the
forming a mix of different sized nanostructures dur-
ing said forming step, said preparation step including
the steps of:

anodizing said surface at a first voltage for form-
ing at said surface a first oxidized metal layer
comprising first pores; selectively etching said
surface for extending said first pores into said
metal underneath said first oxidized metal layer;
and
removing said first oxidized metal layer.

2. Method according to claim 1, wherein said first volt-
age is larger than said second voltage.

3. Method according to claim 1 or 2, wherein said first
voltage is selected between 80 V and 150 V.

4. Method according to any of the previous claims,
wherein during said preparation step, said step of
selectively etching is performed using an etchant
suitable for etching said metal more intensively than
said metal oxide.

5. Method according to any of the previous claims,
wherein said metal forming said metal substrate
comprises at least one of a group comprising alu-
minium, in particular aluminium having a degree of
purity of 99,99%, titanium, zinc, magnesium, nio-
bium, and tantalum, and alloys comprising at least
one of aluminium, titanium, zinc, magnesium, nio-
bium, and tantalum.

6. Method according to any of the previous claims,
wherein said anodizing step during said forming step
is performed multiple times, and wherein said multi-
ple anodizing steps are performed at different sec-
ond voltages.

7. Method according to any of the previous claims,
wherein during said forming step for said at least one
anodizing step said second voltage is selected below
60 V.

8. Method according to any of the previous claims,
wherein said preparation step, after removing said
first oxidizing layer, further comprises the steps of:

anodizing said surface at a third voltage for form-
ing at said surface a third oxidized metal layer
comprising third pores; and
removing said third oxidized metal layer.

9. Method according to any of the previous claims,
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wherein said step of removing said first oxidized met-
al layer is performed by selective etching, for leaving
said metal underneath said first oxidized metal layer
intact.

10. Method according to any of the previous claims,
wherein said preparation step is preceded by one or
more steps selected form a group comprising:

heat treating of said metal substrate;
polishing of said surface of said metal substrate;
cleaning of said surface of said metal substrate.

11. Method of manufacturing a mould for moulding an
optical element, such as an element comprising anti
reflective surface, said method comprising a manu-
facturing method according to any of the previous
claims for forming a mix of different sized nanostruc-
tures on a surface of said mould.

12. Method of manufacturing an optical element, such
as a hybrid moth eye structure anti reflective ele-
ment, comprising a step of manufacturing a mould
according to claim 11, said mould including a nanos-
tructure surface comprising a mix of differently sized
nanostructures formed thereupon, and using said
mould for manufacturing said optical element.

13. Optical element manufactured using a method in ac-
cordance with claim 12.

14. Optical element in accordance with claim 13, said
optical element being a hybrid moth eye structure
anti reflective element.

Patentansprüche

1. Verfahren zur Herstellung von Nanostrukturen auf
einer Oberfläche eines Metallsubstrats, umfassend
das Formen der Nanostrukturen mittels eines For-
mungsschritts, der beinhaltet, dass nacheinander
mindestens einmal folgende Schritte ausgeführt
werden:

Anodisieren der Oberfläche des Substrats bei
einer zweiten Spannung um auf der Oberfläche
eine zweite oxidierte Metallschicht mit zweiten
Poren zu formen; und
Durchführen eines Ätzschritts auf der Oberflä-
che, um die Abmessungen der zweiten Poren
zu ändern;
wobei vor dem Formungsschritt das Verfahren
einen Substratvorbereitungsschritt umfasst, um
das Formen einer Mischung aus unterschiedlich
großen Nanostrukturen während des For-
mungsschritts zu ermöglichen, wobei dieser
Vorbereitungsschritt folgende Schritte umfasst:

Anodisieren der Oberfläche bei einer ersten
Spannung, um auf der Oberfläche eine ers-
te oxidierte Metallschicht mit ersten Poren
zu formen;
selektives Ätzen der Oberfläche, um die
ersten Poren in das Metall unter der ersten
oxidierten Metallschicht zu erweitern; und
Entfernen der ersten oxidierten Metall-
schicht.

2. Verfahren nach Anspruch 1, wobei die erste Span-
nung höher ist als die zweite Spannung.

3. Verfahren nach Anspruch 1 oder 2, wobei die erste
Spannung zwischen 80 V und 150 V ausgewählt
wird.

4. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei während des Vorbereitungsschritts der
Schritt des selektiven Ätzens unter Verwendung ei-
nes Ätzmittels, das geeignet ist, das Metall intensiver
zu ätzen als das Metalloxid, ausgeführt wird.

5. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Metall, welches das Metallsubstrat
formt, mindestens eines aus einer Gruppe, beste-
hend aus Aluminium, insbesondere Aluminium mit
einem Reinheitsgrad von 99,99 %, Titan, Zink, Ma-
gnesium, Niobium, Tantal und Legierungen, umfas-
send mindestens eines von Aluminium, Titan, Zink,
Magnesium, Niobium und Tantal, umfasst.

6. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei der Anodisierungsschritt während des
Formungsschritts mehrmals durchgeführt wird und
wobei die mehreren Anodisierungsschritte bei ver-
schiedenen zweiten Spannungen durchgeführt wer-
den.

7. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei während des Formungsschritts für den
mindestens einen Anodisierungsschritt die zweite
Spannung unter 60 V ausgewählt wird.

8. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei der Vorbereitungsschritt nach dem Ent-
fernen der ersten oxidierenden Schicht ferner fol-
gende Schritte umfasst:

Anodisieren der Oberfläche bei einer dritten
Spannung, um auf der Oberfläche eine dritte oxi-
dierte Metallschicht mit dritten Poren zu formen;
und
Entfernen der dritten oxidierten Metallschicht.

9. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei der Schritt des Entfernens der ersten oxi-
dierten Metallschicht durch selektives Ätzen durch-
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geführt wird, um das Metall unter der ersten oxidier-
ten Metallschicht intakt zu lassen.

10. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei der Vorbereitungsschritt vorangegangen
wird von einem oder mehreren Schritten, ausge-
wählt aus einer Gruppe, umfassend:

Wärmebehandlung des Metallsubstrats;
Polieren der Oberfläche des Metallsubstrats;
Reinigen der Oberfläche des Metallsubstrats.

11. Verfahren zur Herstellung einer Form zum Ausfor-
men eines optischen Elements wie etwa ein Element
mit einer Antireflexionsoberfläche, das Verfahren
umfassend ein Herstellungsverfahren nach einem
der vorhergehenden Ansprüche zum Formen einer
Mischung aus unterschiedlich großen Nanostruktu-
ren auf einer Oberfläche der Form.

12. Verfahren zur Herstellung eines optischen Elements
wie beispielsweise eines Antireflexionselements mit
einer hybriden Mottenaugenstruktur, umfassend ei-
nen Schritt zur Herstellung einer Form nach An-
spruch 11, wobei die Form eine Nanostrukturober-
fläche mit einer Mischung aus darauf geformten un-
terschiedlich großen Nanostrukturen aufweist, und
die Verwendung der Form zur Herstellung des opti-
schen Elements.

13. Optisches Element, hergestellt unter Verwendung
eines Verfahrens nach Anspruch 12.

14. Optisches Element nach Anspruch 13, wobei das
optische Element ein Antireflexionselement mit einer
hybriden Mottenaugenstruktur ist.

Revendications

1. Procédé de fabrication de nanostructures sur une
surface d’un substrat métallique, comprenant la for-
mation desdites nanostructures au moyen d’une éta-
pe de formage, ladite étape de formage comprenant
ensuite l’exécution au moins une fois des étapes
consistant à :

anodiser ladite surface dudit substrat à une
deuxième tension pour former, au niveau de la-
dite surface, une deuxième couche de métal
oxydé comprenant des deuxièmes pores ; et
exécuter une étape de gravure sur ladite surface
pour modifier les dimensions desdits deuxièmes
pores ;
dans lequel, avant ladite étape de formage, ledit
procédé comprend une étape de préparation du
substrat pour permettre la formation d’un mé-
lange de nanostructures de différentes tailles

lors de ladite étape de formage, ladite étape de
préparation comprenant les étapes consistant
à :

anodiser ladite surface à une première ten-
sion pour former, au niveau de ladite surfa-
ce, une première couche de métal oxydé
comprenant des premiers pores ;
graver sélectivement ladite surface pour
étendre lesdits premiers pores dans ledit
métal en dessous de ladite première cou-
che de métal oxydé ; et
enlever ladite première couche de métal
oxydé.

2. Procédé selon la revendication 1, dans lequel ladite
première tension est supérieure à ladite deuxième
tension.

3. Procédé selon la revendication 1 ou 2, dans lequel
ladite première tension est choisie entre 80 V et 150
V.

4. Procédé selon l’une quelconque des revendications
précédentes, dans lequel pendant ladite l’étape de
préparation, ladite étape de gravure de manière sé-
lective est réalisée en utilisant un agent de gravure
approprié pour la gravure dudit métal de façon plus
intensive que ledit oxyde métallique.

5. Procédé selon l’une quelconque des revendications
précédentes, dans lequel ledit métal formant ledit
substrat métallique comprend au moins un élément
d’un groupe comprenant l’aluminium, en particulier
de l’aluminium ayant un degré de pureté de 99,99
%, le titane, le zinc, le magnésium, le niobium et le
tantale, et des alliages comprenant au moins un élé-
ment parmi l’aluminium, le titane, le zinc, le magné-
sium, le niobium et le tantale.

6. Procédé selon l’une quelconque des revendications
précédentes, dans lequel ladite l’étape d’anodisation
au cours de ladite étape de formage est exécutée
plusieurs fois, et dans lequel plusieurs étapes d’ano-
disation sont effectuées à différentes deuxièmes
tensions.

7. Procédé selon l’une quelconque des revendications
précédentes, dans lequel pendant ladite étape de
formage pour ladite au moins une étape d’anodisa-
tion, ladite deuxième tension est sélectionnée en
dessous de 60 V.

8. Procédé selon l’une quelconque des revendications
précédentes, dans lequel ladite l’étape de prépara-
tion, après le retrait de ladite première couche d’oxy-
dation, comprend en outre les étapes consistant à :
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anodiser ladite surface à une troisième tension
pour formant, au niveau de ladite surface, une
troisième couche de métal oxydé comprenant
des troisièmes pores ; et
retirer ladite troisième couche de métal oxydé.

9. Procédé selon l’une quelconque des revendications
précédentes, dans lequel ladite étape consistant à
enlever ladite première couche de métal oxydé est
réalisée par gravure sélective, pour laisser intact le-
dit métal situé en dessous de ladite première couche
de métal oxydé.

10. Procédé selon l’une quelconque des revendications
précédentes, dans lequel ladite étape de préparation
est précédée par une ou plusieurs étapes sélection-
nées dans un groupe comprenant :

un traitement thermique dudit substrat
métallique ;
un polissage de ladite surface dudit substrat
métallique ;
un nettoyage de ladite surface dudit substrat
métallique.

11. Procédé de fabrication d’un moule pour mouler un
élément optique, tel qu’un élément comprenant une
surface anti-reflet, le procédé comprenant un procé-
dé de fabrication selon l’une quelconque des reven-
dications précédentes pour la formation d’un mélan-
ge de nanostructures de différentes tailles sur une
surface dudit moule.

12. Procédé de fabrication d’un élément optique, com-
me un élément anti-reflet à structure en oeil de mite
hybride, comprenant une étape de fabrication d’un
moule selon la revendication 11, ledit moule com-
prenant une surface de nanostructures comprenant
un mélange de nanostructures de tailles différentes
formées sur celle-ci, et l’utilisation dudit moule pour
la fabrication dudit élément optique.

13. Elément optique fabriqué en utilisant un procédé se-
lon la revendication 12.

14. Elément optique selon la revendication 13, ledit élé-
ment optique étant un élément anti-reflet à structure
en oeil de mite hybride.
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