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Description

Field of the invention

[0001] The present invention relates to a method of
producing a polymer stamp for the reproduction of de-
vices comprising microstructures and nanostructures, a
polymer stamp and a device comprising microstructures
and nanostructures. It particularly relates to micro devic-
es which could be used in micro fuel cell system as fuel
delivery systems or water management systems with
microstructures and nanostructures. The device prefer-
ably consists of a polymer.

Background of the invention

[0002] Different fields of technology like nanotechnol-
ogy, biotechnology or optics need fabrication techniques
and materials for future development. Due to an integra-
tion of nano- and microstructures, highly functional de-
vices in applications like fluidics, biochips or photonic
crystals could be achieved. Different micro- and nano-
fabrication processes and three dimensional microstruc-
ture techniques are known. The growing need of poly-
meric devices has led to a greater importance of polymer
based micromachining. Because of the variety of poly-
meric materials they offer good biocompatibility and
chemical resistance as well as good optical properties
for photonic applications.
[0003] The main replication techniques of polymer
based devices are injection moulding and hot embossing
and micro-machining. For nanopattern replication, na-
noimprint technology (NIL) and UV-nanoimprint-technol-
ogy can be used. Besides, soft lithography techniques
like microcontact printing (CP) and micro-moulding have
been established which offer new possibilities of nanos-
tructuring.
[0004] However, with hot embossing it is difficult to rep-
licate positive and negative structural features due to the
different conditions during moulding. Furthermore, it is
difficult to form through-holes by hot embossing.
Through-holes are for instance necessary for micro fuel
cell systems. Injection moulding on the other hand nor-
mally requires expensive equipment.
[0005] For further improvement of fuel cells some gen-
eral problems have to be solved. One of the problems is
the fuel delivery. The fuel must be transported to the an-
ode, where the reaction takes place. During the reaction,
CO2 is produced, which must be transported out of the
system to avoid a hindrance for the fuel. Therefore the
separation of liquid and gas and the transportation of gas
out of the device is a decisive factor for the improvement
of fuel cells. Both problems can be solved by exploiting
wetting properties of surfaces. For example, fuel used in
such applications can easily be transported to the anode
through hydrophilic channels. The CO2 on the other hand
can be separated and transported out of the device
through hydrophobic channels. Thus, a device that is ca-

pable to solve those problems may contain both hydro-
phobic and hydrophilic channels. Besides the transpor-
tation problems, the fuel must be supplied to the system.
Therefore a through-hole for fuel supply must be inte-
grated in such a device as well, which is difficult to form
with hot embossing.
[0006] From US 20060029858 A1 a diffusion medium
for use in a PEM fuel cell contains hydrophobic and hy-
drophilic areas for improved water management. A hy-
drophobic polymer such as a fluororesin is used to define
hydrophobic areas, and an electroconductive polymer
such as polyaniline or polypyrrole is used for defining
hydrophilic areas. However, two different polymers need
to be used for the formation of such channels making the
fabrication process very complex.
[0007] DE 102 32 129 A1 discloses a fluid distribution
device for an electrochemical electrode, wherein coat-
ings are used to form hydrophobic and hydrophilic areas.
However, a coating exhibits a limited lifetime. Moreover,
each final product needs to be coated separately with
the coating in order to produce hydrophobic and hy-
drophilic areas.
[0008] EP 1 495 799 A2 discloses a microfluidic device
formed in a polymer substrate. Regular patterns of ridg-
es, notches or columns provide areas of enhanced wet-
tability within a fluidic duct of the device.
[0009] US 2009/0041986 A1 discloses a method of
making hierarchical articles than contain nanofeatures
and microstructures by first providing a substrate that
includes nanofeatures and then creating microstructures
by adding a layer. US 2009/0047478 A1 also discloses
a method for forming hierarchical patterns on an article
by nanoimprinting. Zhou et al ("An air-breathing silicon-
based micro direct methanol fuel cell with a capillary-
based water drawn out structure", PROCEEDINGS OF
TRANSDUCERS 2009, 21 June 2009 (2009-06-21), - 25
June 2009 (2009-06-25), pages 648-651, XP031545326,
IEEE, PISCATAWAY, NJ, USA, ISBN:
978-1-4244-4190-7) discloses a capillary-based cathode
structure for air-breathing micro direct methanol fuel
cells. An array of capillaries with hydrophilic surfaces is
designed on ribs of a cathode window to draw out exces-
sive water from the cathode.

Summary of the invention

[0010] It is therefore an object of the present invention
to provide a method of producing a polymer stamp as
well as a device from the polymer stamp, in which the
nanostructures and microstructures are incorporated into
the stamp and are transferred to the final device from the
stamp. It is also an object to provide a passive device for
a fuel cell system, which exhibits hydrophobic and hy-
drophilic areas in a simplified way at lower costs for sep-
aration of gaseous by-products from liquid fuels.
[0011] Accordingly, in a first embodiment the present
invention provides a method of producing a polymer
stamp for the reproduction of devices comprising micro-
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structures and nanostructures, the method comprising
the steps of providing a first substrate, patterning nanos-
tructures extending along a first direction into the first
substrate material, followed by patterning microstruc-
tures onto the first substrate, casting a polymer elastomer
onto the first substrate with nanostructures and micro-
structures to form a polymer stamp and releasing the
polymer stamp. The step of pattering microstructures
comprises at least one of the steps of forming first micro-
structures to extend along the first direction to form hy-
drophilic channels together with the nanostructures ex-
tending in said first direction, and forming second micro-
structures to extend along a second direction different
from the first direction to form hydrophobic channels to-
gether with the nanostructures extending in the first di-
rection.
[0012] The process has the advantage that the nanos-
tructures are formed directly into the substrate surface.
The substrate preferably consists of a single material or
material compound but may also comprise different lay-
ers of materials. By using a casting method on the na-
nostructured and microstructured substrate, the nanos-
tructures and microstructures can be directly transferred
to the polymer stamp at low costs. The direct integration
of nanostructured areas in microdevices improves the
functionality of the device, e.g. the formation of antire-
flection structures for optical applications or the change
of wetting properties in microchannels.
[0013] Further, the invention is directed to a method of
reproducing devices comprising microstructures and na-
nostructures comprising the steps of casting a final prod-
uct material onto the polymer stamp with microstructures
and nanostructures produced according to the invention
as described above, wherein the microstructures and na-
nostructures are transferred during the casting step to
the final product, and releasing the final product of the
polymer stamp. The final product or device is preferably
also a polymer device.
[0014] The device being formed is preferably a micro-
device.
[0015] According to the invention, a simple and low
cost casting step on the polymer stamp can be employed
to repeatedly form the final product under the transfer of
micro- and nanostructures to the final product.
[0016] It is emphasized that the stamp exhibits the in-
verse structure of the final product. Thus, a bottom of the
channel in the final product will be a top in the stamp.
However, for ease of reading and understanding, in the
following we will usually refer to the orientation of the
structures of the final product instead of the stamp, unless
specifically stated otherwise.
[0017] The step of patterning nanostructures into the
first substrate material preferably comprises the step of
forming hydrophilic sections along a first direction and
hydrophobic sections along a second, different direction
by arranging the nanostructures to extend along a first
direction. The second direction is preferably perpendic-
ular to the first direction.

[0018] Thus, through the provision of the nanostruc-
tures in the substrate surface, hydrophilic and hydropho-
bic areas can be created in the respective surfaces with-
out any additional layers or chemical coatings. The sur-
faces are functionalized by topographic nanostructures .
[0019] Advantageously, by aligning the microstruc-
tures with the nanostructures, hydrophilic channels can
be created. The channels have the microstructures as
the side walls and the nanostructures are formed at least
on the bottom of the microstructures. The microstructures
provide guides for a fluid along the direction in which the
nanostructures are formed. However, along a different,
second direction, the nanostructures become more and
more hydrophobic. The maximum of hydrophobicity is
established in a direction perpendicular to the first direc-
tion. If microstructures are now formed along this second,
preferably perpendicular direction as well, hydrophobic
and hydrophilic structures are formed simply by the mu-
tual alignment or misalignment of nano- and microstruc-
tures.
[0020] The step of patterning microstructures prefera-
bly further comprises at least one of the steps of forming
the first microstructures with a width of 50-500mm, pref-
erably 100-200mm and a height of 10-1000mm, prefera-
bly 50-200mm, and forming the second microstructures
with a width of 1-100mm, preferably 5-50mm and a height
of 10-1000mm, preferably 50-200mm.
[0021] The size ranges of the microstructures improve
their desired functionality as hydrophilic or hydrophobic
channels.
[0022] The step of patterning nanostructures compris-
es at least one of the steps of forming the nanostructures
with a pitch of 50nm-3500nm, preferably 500-1000nm
and/or providing the nanostructures with a cross-section
being triangular, rectangular or pillar-shaped and forming
the nanostructure as lines and spaces. The aspect ratio
of the height to the width of the nanostructures is prefer-
ably 1:2. The maximum height of the nanostructures is
preferably lower than 1mm.
[0023] The size ranges of the nanostructures or -pat-
terns maximize their distinguishing character of being hy-
drophilic in a first direction and hydrophobic in a second,
different direction.
[0024] The lines and spaces provide a very simple way
to direct fluids into their direction of extension. In the di-
rection of the lines and spaces, the nanostructures are
hydrophilic. In a second, different direction, their charac-
ter becomes hydrophobic, with a maximum of hydropho-
bicity along the perpendicular direction.
[0025] The step of patterning nanostructures into the
first substrate material preferably comprises the steps of
covering the first substrate with a first resist, transferring
nanostructures into the first resist by means of nano-
lithography processes, covering the first substrate with
the nanostructured first resist with a metal layer, removal
of the first resist with the metal on top, wherein the first
substrate areas without the resist remain covered by the
metal, forming nanostructures into the parts of the first
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substrate not covered with the metal by etching the sur-
face of the first substrate using the remaining metal as a
mask, and removing the metal from the first substrate.
[0026] The nanolithography processes are preferably
UV lithography, nanoimprint lithography, hot-embossing,
electron-beam lithography, interference lithography or X-
ray interference lithography.
[0027] The microstructure patterning step may com-
prise the step of covering the first substrate with a second
resist being a photo resist and performing a lithography
process.
[0028] Advantageously, lithography processes are
well known, easy to handle and can be used to form very
precise structures. For instance, UV lithography, elec-
tron-beam lithography, interference lithography or X-ray
lithography may be used.
[0029] The second resist preferably comprises
polymethylmethacrylate, phenolic resins or epoxy-res-
ins.
[0030] The microstructure patterning step preferably
comprises the step of forming a through hole through the
second resist and the first substrate.
[0031] The through-hole may be formed by potassium
hydroxide etching, deep reactive ion etching, microdrill-
ing or -milling, or laser ablation.
[0032] Advantageously, the casting step of the stamp
and the final product allows to easily incorporate a
through-hole into the final product required for instance
in fuel cell applications. The through-hole and the micro-
and nanostructures are formed in the final product in a
single casting step.
[0033] Prior to the step of casting a polymer elastomer
onto the first substrate the method may further comprise
the steps of cutting the first substrate to obtain a pre-
master comprising the nanostructured first substrate and
the microstructured resin, and fixing the pre-master on a
second substrate.
[0034] The polymer elastomer preferably comprises
polydimethylsiloxane (PDMS). PDMS has advanta-
geously a relative low absorption rate for UV applications.
[0035] The final product material used for casting pref-
erably comprises polymer materials. It may comprise a
photo resin, an epoxy-based resin, a thermal-curing ma-
terial, an UV curing material, or a thermoplastic material.
Polymer materials in general have the advantage of a
good biocompatibility and chemical stability and resist-
ance against fuels like ethanol and methanol as well as
good optical properties.
[0036] Additionally, the present invention is directed to
a polymer stamp comprising first micro-channels extend-
ing along a first direction, second micro-channels extend-
ing along a second direction, and nanostructures formed
at least on one surface of the first and/or second micro-
channels of the polymer stamp, the nanostructures being
provided to extend at least along said first direction. The
nanostructures are patterned directly into at least one
surface of the microchannels.
[0037] In other words, the nanostructures are formed

of the same material as the microstructures themselves.
They may be formed of the same material as the bulk
material of the polymer stamp. In any case, no additional
chemical layers are necessary. The topography of the
polymer stamp material itself is physically changed at its
surface. Preferably, the stamp consists of a single ma-
terial or material compound and the nanostructures are
formed of this stamp material. The surface is functional-
ized by the topographic structure.
[0038] Furthermore, the invention provides a device
comprising first microchannels extending along a first di-
rection, second micro-channels extending along a sec-
ond direction, different from the first direction, and na-
nostructures formed at least on the bottom of the first
and/or second microchannels and provided to extend at
least along said first direction. The nanostructures are
patterned into the surface of the microchannels and are
formed of the same material as microchannels them-
selves. A through-hole is provided extending from one
surface of the device to be in communication with the
microchannels, and the nanostructures and the first and
second microchannels form hydrophilic channels along
the first direction and hydrophobic channels along the
second direction.
[0039] Preferably, the device consists of a single ma-
terial or material compound and the nanostructures are
formed of this device material. No additional layers, no
coating or chemical treatment with molecules is required.
The topography of the polymer stamp material is physi-
cally changed at its surface. The surface is functionalized
by the topographic structures.
[0040] The device is preferably a single, fully integrated
component. An assembly is not required.
[0041] The microchannels consist of the microstruc-
tures as the side walls, wherein at least on the bottom of
the microchannel the nanostructures are provided. They
may also be provided on the side walls and top wall of
the microchannels.
[0042] The nanostructures provide a contact angles of
0°-90°, preferably 30°-75° along the first direction, and
90°-160°, preferably 110-150°along the second direc-
tion. Preferably, they have a pitch of 70nm-3500nm, more
preferably 500-1000nm. The aspect ratio of the height to
the width of the nanostructures is preferably 1:2. The
maximum height of the nanostructures is preferably lower
than 1 mm. The nanostructures are preferably provided
with a cross-section being triangular, rectangular or pillar-
shaped. They may be provided as lines and spaces. The
lines extend along the first direction.
[0043] The first micro-channels have a width of
50-500mm, preferably 100-200mm and a height of
10-1000mm, preferably 50-200mm. The second micro-
channels have a width of 1-100mm, preferably 5-50mm
and a height of 10-1000mm, preferably 50-200mm.
[0044] The device is preferably a micro-device. In one
embodiment, the device forms a part of a micro fuel cell
system wherein the device is preferably a fuel delivery
system, the first microchannels are fuel delivery micro-
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channels, and the second microchannels are gas ex-
haust microchannels and the through-hole is a fuel sup-
ply. In another embodiment, the device is a water man-
agement system of a fuel cell system, the first microchan-
nels are water outlet microchannels, the second micro-
channels are used as reactant supplies and the through-
hole is a water exit. The reactant is preferably oxygen.
[0045] Thus, the device according to the invention can
be used in fuel cell applications, wherein the separation
of liquids and gases and the transportation of gases out
of the device is achieved by the relative arrangement of
first microstructures along the direction of extension of
nanostructures on the one hand and second microstruc-
tures along a second, different, preferably perpendicular
direction thereto on the other hand.
[0046] The hydrophobic surfaces of the microchannels
can be used for gas separation. The microstructures,
preferably the second microstructures may form open-
ings in side walls of the device for the separation/exhaust
of gaseous by-products created during operation of the
fuel cell.
[0047] The microchannels allow advantageously a
passive flow of fluids.
[0048] The transport is capillary and diffusion driven
and therefore the device of the present invention can be
used as a passive device for a fuel cell system. The trans-
port is alsoorientation independent. The device can be
easily integrated or bonded to a micro fuel cell system.

Brief description of the drawings

[0049] These and other features and aspects of the
present invention will become apparent and more readily
appreciated from the following description of some ex-
emplary embodiments, taken in conjunction with the ac-
companying drawings of which:

Fig. 1 shows a first step of producing a polymer
stamp according to a first embodiment, the
provision of a substrate,

Fig. 2 shows a substrate of Fig. 1 covered with a first
resist,

Fig. 3 shows a nanostructured substrate of Fig. 2,

Fig. 4 shows the nanostructured substrate of Fig. 3
covered with a second resist,

Fig. 5 shows the nanostructured substrate with
microstructures formed on top,

Fig. 6 shows a pre-master comprising microstruc-
tures and nanostructures and a through-hole,

Fig. 7 shows the pre-master of Fig. 6 attached to a
second substrate,

Fig. 8 shows the polymer stamp casting,

Fig. 9 shows the polymer stamp,

Fig. 10 shows the cast final product,

Fig. 11 shows a top view of the polymer stamp of Fig.
9,

Fig. 12 shows a cut through the polymer stamp of Fig.
11 along the line A-A,

Fig. 13 shows the casting step of the final product us-
ing the stamp of Fig. 12,

Fig. 14 shows a cut through a final product of a first
embodiment along a corresponding to line A-
A of Fig. 12,

Fig. 15 shows a fuel cell application of two devices
according to a present invention,

Fig. 16 shows a contact angle measurement of na-
nostructures parallel to their direction of ex-
tension and perpendicular thereto.

Detailed description of the drawings

[0050] Figs. 1 to 10 show the method of producing a
polymer stamp of Fig. 9 and a final product of Fig. 10
according to a first embodiment. Exemplarily, the stamp
is formed to produce a component for a fuel cell system.
However, other applications like optics are also possible.
Thus, the production of the stamp and the final product
itself is not limited to fuel cell applications but rather to
applications which require the formation of nanostruc-
tures along with microstructures.
[0051] Fig. 1 shows the first step of the method of pro-
ducing a polymer stamp with nanostructures and micro-
structures according to the first embodiment, the provi-
sion of a first substrate 1. The first substrate 1 may a
silicon wafer, may comprise glass or a thermoplastic pol-
ymer, but is not limited thereto. The first substrate 1 may
be formed of a single material or material compound or
may comprise different layers.
[0052] In a second step, nanostructures 3 are trans-
ferred into the first substrate surface. This may be done
by means of nanolithography processes, preferably by
UV lithography, nanoimprint lithography, hot embossing,
e-beam lithography, interference lithography, X-ray in-
terference lithography.
[0053] In an exemplary embodiment, the step of pat-
terning nanostructures 3 into the first substrate 1 prefer-
ably comprises the steps of covering the first substrate
with a first resist as shown in Fig. 2. Then, nanostructures
are transferred or formed into the first resist by means of
one of the above mentioned nanolithography processes.
For instance, the nanostructures may be lines and spac-
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es as shown in Fig. 3. However, the lines may also consist
of separate elements like columns, pyramids and so on.
The cross section of the lines or the nanostructures 3
may be rectangular, triangular etc.. It is only necessary
to provide a smaller spacing of the nanostructures 3 in
the desired first direction than in the second, different
direction. The first substrate 1 with the nanostructured
first resist 2 is subsequently covered with a metal layer
(not shown). The first resist 2 is then removed with the
metal on top, wherein the areas of the first substrate 1
without the first resist 2 remain covered by the metal.
These covered parts act like a mask for an etching proc-
ess of nanostructures 3 into the parts of the first substrate
1 not covered with the metal. Thus, the etching may form
valleys into the surface of the first substrate 1, and the
covered parts may remain as plateaus. In other words,
if the first resist 2 is patterned with lines, the lines become
the bottoms of nanostructured channels, the metal cov-
ered parts form spaces between the channels connecting
the channel side walls. Finally, the metal is removed from
the first substrate 1 as can be seen in Fig. 3 and a na-
nostructured first substrate surface remains.
[0054] The next step of the fabrication process is
shown in Fig. 4, the formation of a second resist 4 on the
nanostructures surface of the first substrate 1. The sec-
ond resist 4 is than patterned to exhibit first microstruc-
tures 5 and second microstructures 6 as well as other
structures like further side walls 28 (Fig. 5). The structure
as displayed in Fig. 5 surrounded by the second resist
structures 28 is equivalent to the structure of the final
product.
[0055] In the present embodiment, in order to, for in-
stance, form a water management system 26 or a fuel
delivery system 22 of Fig. 15, the first microstructures 5
are formed along the direction of extension of the nanos-
tructures 3 thereby forming hydrophilic structures for a
fluid transport. The second microstructures 6 are formed
in a second, perpendicular to the direction of extension
of the nanostructures 3 (being the direction of the valleys
in Fig. 5) thereby forming hydrophobic structures, which
can be used for a liquid/gas separation. The gas is trans-
ported along the second microstructures 6 to the periph-
ery of the photo resists structures 4. The first and second
microstructures 5, 6 are connected via an area of nanos-
tructures 3, only.
[0056] In a preferred embodiment, also a through-hole
7 is formed through the second resist 4 and the first sub-
strate 1. This is preferably done by potassium hydroxide
etching, deep reactive ion etching, microdrilling or micro-
milling, or laser ablation.
[0057] The device is then cut along the periphery of
the second resist 4 patterns, preferably by a laser. The
cut-out device of Fig. 6 could be called a pre-master 9.
The pre-master 9 already comprises a through-hole 7,
first and second microstructures 5, 6, nanostructures 3
and further side walls 28. The pre-master 9 comprises in
the exemplary embodiment the substrate layer 1 with na-
nostructures 3 in its surface and further structures like

first and second microstructures 5, 6 and side walls 28
on its surface.
[0058] The pre-master 9 is then - preferably but not
limiting - fixed on a second substrate 8 (Fig. 7). In a further
step, the first casting process takes place, i.e. a polymer
material 10 is cast on top of the pre-master 9 attached
to the second substrate 8 as shown in Fig. 8. For this, a
frame may be used around the pre-master 9. In a final
step of producing the polymer stamp 11, the stamp 11 is
released from the pre-master 9 (Fig. 9). The polymer
stamp 11 now has the inverse structure of the pre-master
9, i.e. were the pre-master 9 had hills, the stamp 11 has
valleys and vice versa. In the preferred but not limiting
embodiment, also a through hole fabrication structure
14, a column, can be seen.
[0059] In a last step, a final product material is filled
into the stamp 11 and the final product 12 of Fig. 10 is
formed in a casting process. The final product 12 has the
same structural elements as the pre-master, i.e. a
through-hole 7, first and second microstructures 5, 6, na-
nostructures 3 and further side walls 28. However, the
final product 11 consists of a single material. No substrate
is present anymore. During casting, the micro- and na-
nostructures are transferred to the final product. The final
product has openings 13 at its side walls being in com-
munication with second microchannels formed by the
second microstructures 6 as side walls and the nanos-
tructures 3 forming the bottom of the microchannels. The
first microchannels 5 are perpendicular to the second
microchannels 6. The first and second microchannels 5,
6 form a T-like structure. The areas of the first and second
microchannels 5, 6 do preferably not overlap with each
other, having an area, e.g. rectangular, with nanostruc-
tures 3 only in between used for the separation of liquids
and gases. As the fuel liquid cannot enter the hydropho-
bic second microchannels, the gaseous by-products can
escape through said microchannels.
[0060] Fig. 11 shows a top view of the polymer stamp
of Fig. 9. The nanostructures 3 are not specifically shown
in Fig. 11, only their location is pointed out by the refer-
ence sign 3. Fig. 12 shows a cut through the stamp of
Fig. 11 along the line A-A, a diagonal line starting in a
stamp side wall, through the through-hole fabrication
structure 14, first microstructures 5, a nanostructured-
only area 3 and second microstructures 6. Hydrophilic
nanostructured surfaces 15 are formed on top of the
structures used for the fabrication of the first microstruc-
tures 5. However, it is pointed out that stamp 11 exhibits
an inverse structure as that of the final product 12, i.e. a
column of the stamp 11 of Fig. 12 is a valley in the final
product 12. Thus, in the final product 12, the hydrophilic
nanostructured surfaces 15 are the bottom surface of the
respective microchannels 5. The same holds for the hy-
drophobic nanostructured surfaces 16 formed on the in-
verse second microstructures 6.
[0061] The casting process of the final product 12 is
shown in Fig. 13. A final product material is filled into the
stamp 11. In order to form a through-hole 7, the level of
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the final product material does not exceed the top of the
through-hole fabrication structure 14. During the casting
process, the nanostructures are transferred to the final
product 12 as shown in Fig. 14. The through-hole 7 is
formed along with the nano- and microstructures 3, 5, 6
in a single casting step. The through-hole 7 could for
instance be used as an inlet 17 for fuel 18.
[0062] In a specific detailed, not limiting embodiment,
the following monomer was used as UV curing second
resin 4: a diglycidyl ether of bis-phenol A (DGE-BPA). A
triaryl sulfonium salt (TAS) was used as a photoinitiator.
As materials for the stamp 11 a poly(dimethylsiloxane)
PDMS was used. This type of PDMS is suitable as stamp
material for UV applications as its absorption character-
istic shows that a relative low absorption takes place.
[0063] For the soft stamp fabrication of the detailed,
not limiting embodiment, a frame was employed, which
is suitable for the fabrication of four inch PDMS stamps
11. For the master fabrication for the 3D stamp 11, a
positive first resist 2 was coated on a four inch first sub-
strate 1, a silicon wafer, followed by UV Lithography, Ni
evaporation and a lift-off process to define the etch mask
for the nanostructures 3. The nanostructures 3 were
transferred using a reactive ion etching process followed
by nickel removal. The structures exemplarily but not lim-
iting consist of lines and spaces with a width of 800 nm
and 1.6 mm, respectively. On this structured first sub-
strate 1, a second exposure using an epoxy-based resin
4 was realized. Here, a 100 mm thick layer of the epoxy-
based resin 4 was coated on the first substrate 1 and
structured by UV-lithography using a foil mask. In the last
step, the so prepared three dimensional structures were
separated by a laser cutting technique. Also, a through
hole 7 for delivery entrance was realized like that.
[0064] In the next step of the detailed, not limiting em-
bodiment, the stamp 11 was fabricated. A PDMS prepol-
ymer was used. For the transfer of nanostructures into a
PDMS stamp, the wettability and the viscosity are deci-
sive factors for good replication accuracy. Therefore, the
PDMS mixture was diluted to 70 wt% with toluene to lower
the viscosity and to enhance the wettability properties.
The mixed blend was cast on the the first substrate 1 and
the bonded structures on top of the first substrate 1 and
left undisturbed for 24 hours to provide enough time for
the penetration of the solution into the structure. It was
then heated up to 70°C for 30 min to ensure a complete
curing and solvent evaporation. After curing, the PDMS
stamp could be peeled easily from the structured master.
For the replication of nanostructures and microstruc-
tures, a mixture of DGE-BPA with 5 wt-% of TAS was
used. This mixture was cast onto the PDMS stamp 11
and degassed for 5 min. Then a thin foil of polycarbonate
was placed on the stamp 11 to define the surface quality
of the replication. The exposure was realized with a dose
of 1440 mJ/cm2. The cured micro- and nanostructured
part could be easily peeled of the master structure and
released from the polycarbonate foil.
[0065] Fig. 16 shows a fuel cell application of the final

product or device 12. Here, the device formed according
to the invention is exemplarily but not limiting used a fuel
delivery system 22 and as a water management system
26 of a fuel cell. A first device 12 formed according to the
invention is placed on top of a first electrode 23, prefer-
ably an anode. The through-hole 7 is used as an inlet 17
for fuel 18. The first device 12 is placed upside-down with
respect to Fig. 12 onto the first electrode 23 and attached
thereto. The first electrode 23 is attached below to a
membrane 24 which is attached below to a second elec-
trode 25, preferably a cathode. The cathode 25 is at-
tached below to a second inventive device 12. The sec-
ond inventive device 12 is oriented as shown in Fig. 12.
[0066] The first device 12 is a fuel delivery system 22.
Fuel is supplied through-the through hole 7. The through-
hole 7 is in communication with first microchannels
formed by the first microstructures 5 and the nanostruc-
tures 3. They guide a fluid to the membrane 24 were the
reaction takes place. Gaseous by-products of the reac-
tion are separated from the fuel 18 through the nanos-
tructures 3 and are guided along second microchannels
formed by the second microstructures 6 and the nanos-
tructures 3. On the cathode side, water 21 exits the water
management system 26 through the respective through-
hole 7. Oxygen as a reactant is fed through the second
microchannels to the cathode 25.
[0067] The nanostructures 3 are used to change the
wetting properties of surfaces. The here presented de-
vice 12 uses this effect to integrate hydrophobic and hy-
drophilic channels 6, 5. Besides, due to the used casting
process a through hole 7 could be created to realize a
fuel supply 17. Contact angle measurements as shown
in Fig. 16 were done to measure an optimized structure
size for the realization of the fuel delivery system. In this
system it is important that the difference between hydro-
phobic and hydrophilic properties of the channels is max-
imized. For instance, lines and spaces structures 3 show
different contact angles depending on the direction. For
the cross direction, larger contact angles were measured
than parallel to the lines.
[0068] For an exemplary test, a structure consisting of
lines and spaces with a width and pitch of the lines of
800 nm 1,6 mm, 3,2 mm and 6,4 mm were used, respec-
tively. These structures were etched 1 mm deep into the
silicon substrate and replicated as described above. The
results of the contact angle measurement are summa-
rized in Fig. 16. The largest difference between hydro-
phobic and hydrophilic behaviour results for structures
with a 800 nm and 1,6 mm wide lines and spaces. Besides
the measurement of the structured resin, the pure resin
and a sample of an unstructured epoxy-based negative
photoresist was measured as well. The measurement of
the epoxy-based negative photoresist is important be-
cause the final structure may be bonded to epoxy-based
negative photoresists to achieve closed channels, i. e.
to form a cap of the structure. However, different mate-
rials may be used. The result of these measurements
show, that both materials have a contact angle of about
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65° therefore present hydrophilic properties.
[0069] Based on the results of the contact angle meas-
urement a design was developed to exploit the effect of
the direction depending wetting properties of the struc-
ture. Therefore the design was chosen as in Fig. 12. The
hydrophilic channel structures 5 were aligned parallel to
the nanostructured lines 3 and the hydrophobic channels
6 orthogonal to the lines 3. The channel height may be
100mm. For a test, a drop of a 5 mol-% solution of ethanol
was put on the entrance of the device 12. The solution
easily passes through the hydrophilic channels 5 and the
hydrophilic area adjacent to the channels 5, connecting
the hydrophilic channels 5 with the hydrophobic channels
6. However, as the wetting properties of the channels
with orthogonal lines differ strongly form those of the
channel with parallel lines, the solution is not able to enter
the orthogonal channels 6.
[0070] Due to this effect a system could be created
which can be used as a fuel delivery system for fuel cell
applications. The fuel 18 can be transported through the
hydrophilic channels 5 to the area in the middle of the
structure were it can be provided to the fuel cell. The CO2
which is produced during the reaction can escape
through the hydrophobic channels 6.
[0071] Thus, the wetting properties of the channels 5,
6 were changed using nanostructures without any addi-
tional chemical treatment
[0072] The so obtained final product 12 has the advan-
tage that the nanostructures are not only formed on the
bottom of the microchannels, but also on their side and
top walls. This further improves the hydrophilic/hydro-
phobic properties of the channels.
[0073] To conclude, the methods according to the in-
vention allow the integration of nanostructures, micro-
structures and through-hole into a final product in a single
casting step.
[0074] Although some exemplary embodiments of the
present invention have been shown and described here-
in, it will be appreciated by those skilled in the art that
changes may be made from these embodiments without
departing from the scope of the invention which is defined
in the claims and their equivalents.

List of reference signs

[0075]

1 first substrate

2 first resist

3 nanostructures

4 second resist

5 first microstructures

6 second microstructures

7 through-hole

8 second substrate

9 pre-master

10 polymer-elastomer material

11 polymer stamp

12 final product

13 outlet/inlet

14 through-hole fabrication structure

15 hydrophilic nanostructured surfaces

16 hydrophobic nanostructured surfaces

17 inlet/outlet

18 fuel

19 by-products

20 oxygen

21 water

22 fuel delivery system

23 first electrode

24 membrane

25 second electrode

26 water management / oxygen inlet system

27 foil

28 side walls

Claims

1. Method of producing a polymer stamp for the repro-
duction of devices comprising microstructures and
nanostructures, the method comprising the steps of:

providing a first substrate (1);
patterning nanostructures (3) extending along a
first direction into the first substrate material (1);
followed by
patterning microstructures (5, 6) onto the first
substrate (1);
casting a polymer elastomer onto the first sub-
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strate (1) with nanostructures (3) and micro-
structures (5, 6) to form a polymer stamp (11);
and
releasing the polymer stamp (11),
characterized in that

the step of pattering microstructures (5, 6) com-
prises at least one of the steps of:

forming first microstructures (5) to extend
along the first direction to form hydrophilic
channels together with the nanostructures
(3) extending in said first direction, and
forming second microstructures (6) to ex-
tend along a second direction different from
the first direction to form hydrophobic chan-
nels together with the nanostructures (3) ex-
tending in the first direction.

2. Method of producing a polymer stamp of claim 1,
wherein the step of patterning microstructures (5, 6)
further comprises at least one of the steps of:

forming the first microstructures (5) with a width
of 50-500mm, preferably 100-200mm and a
height of 10-1000mm, preferably 50-200mm,
and
forming the second microstructures (6) with a
width of 1-100mm, preferably 5-50mm and a
height of 10-1000mm, preferably 50-200mm.

3. Method of producing a polymer stamp of one of the
claims 1 or 2, wherein the step of patterning nanos-
tructures (3) comprises at least one of the steps of:

forming the nanostructures (3) with a pitch of
70nm-3500nm, preferably 500-1000nm and/or
a structure cross-section being triangular, rec-
tangular or pillar-shaped, and
forming the nanostructure (3) as lines and spac-
es extending in the first direction.

4. Method of producing a polymer stamp of claim 1,
wherein the step of patterning nanostructures (3) into
the first substrate (1) material comprises the steps:

covering the first substrate (1) with a first resist
(2);
transferring nanostructures (3) into the first re-
sist (2) by means of nanolithography processes;
covering the first substrate (1) with the nanos-
tructured first resist (2) with a metal layer;
removal of the first resist (2) and the metal on
top of the first resist (2), herein the areas of the
first substrate (1) without the resist (2) remain
covered by the metal;
forming nanostructures (3) into the parts of the
first substrate (1) not covered with the metal by
etching the surface of the first substrate (1) using

the remaining metal as a mask;
removal of the metal from the first substrate (1).

5. Method of producing a polymer stamp of any of the
previous claims, wherein the microstructure pattern-
ing step comprises at least one of the steps of:

covering the first substrate (1) with a second re-
sist (2) being a photo resist and performing a
lithography process to form microstructures in
the second resist (2), and
forming a through hole (7) through the second
resist (2) and the first substrate (1).

6. Method of producing a polymer stamp of any of the
previous claims, wherein the polymer elastomer
comprises polydimethylsiloxane.

7. Method of reproducing devices comprising micro-
structures and nanostructures comprising the steps
of:

casting a final product material onto the polymer
stamp (11) comprising microstructures (5, 6)
and nanostructures (3) produced by any of
claims 1 to 6, wherein the microstructures (5, 6)
and nanostructures (3) are transferred during
the casting step to the final product (12), and
releasing the final product (12) of the polymer
stamp (11).

8. Method of reproducing devices according to claim
7, wherein the final product material used for casting
is a polymer material.

9. Device comprising:

first microchannels (5) extending along a first
direction,
second microchannels (6) extending along a
second direction, different from the first direc-
tion, and
nanostructures (3) formed at least on the bottom
of the first and second microchannels (5, 6) and
provided to extend at least along said first direc-
tion,
characterized in that

a through-hole (7) is provided extending from
one surface of the device (12) to be in commu-
nication with the microchannels (5, 6),
the nanostructures (3) and the first and second
microchannels (5, 6) form hydrophilic channels
along the first direction and hydrophobic chan-
nels along the second direction, and
the nanostructures (3) are patterned into the sur-
face of the microchannels (5, 6) and are formed
of the same material as microchannels (5, 6)
themselves.

15 16 



EP 2 360 114 B1

10

5

10

15

20

25

30

35

40

45

50

55

10. Device of claim 9, wherein the device consists of a
single polymer material or a single polymer material
compound.

11. Device of claim 9 or 10, wherein the nanostructures
(3):

adapted to provide contact angles for a fluid con-
tained therein of 0°-90°, preferably 30°-75°
along the first direction and 90°-160°, preferably
110-150° along the second direction, and/or
have a pitch of 70nm-3500nm, preferably
500-1000nm; and/or
are provided with a cross-section being triangu-
lar, rectangular or pillar-shaped;
and/or
are provided as lines and spaces extending in
the first direction.

12. Device of any of claims 9 to 11, wherein
the first microchannels (5) have a width of
50-500mm, preferably 100-200mm and a height of
10-1000mm, preferably 50-200mm; and/or
the second microchannels (6) have a width of
1-100mm, preferably 5-50mm and a height of
10-1000mm, preferably 50-200mm.

13. Use of the device of one of claims 9 to 12 as a fuel
delivery system of a micro fuel cell, wherein the first
microchannels (5) are fuel delivery microchannels,
and the second microchannels are gas exhaust mi-
crochannels and the through-hole is a fuel supply

14. Use of the device of one of claims 9 to 12 as a water
management system of a micro fuel cell, wherein the
first microchannels (5) are water outlet microchan-
nels, the second microchannels (6) are used as re-
actant supplies and the through-hole (7) is a water
exit.

Patentansprüche

1. Verfahren zur Herstellung eines Polymerstempels
zum Abformen von Vorrichtungen mit Mikro- und Na-
nostrukturen, umfassend folgende Schritte:

Bereitstellen eines ersten Substrats (1);
Erzeugen von Nanostrukturen (3), die sich ent-
lang einer ersten Richtung in das erste Substrat-
material (1) erstrecken; gefolgt durch
Erzeugen von Mikrostrukturen (5, 6) auf dem
ersten Substrat (1);
Gießen eines Polymer-Elastomers auf das erste
Substrat (1) mit Nanostrukturen (3) und Mikro-
strukturen (5, 6), um einen Polymerstempel (11)
auszubilden; und
Ablösen des Polymerstempels (11),

dadurch gekennzeichnet, dass

der Schritt des Erzeugens von Mikrostrukturen
(5, 6) mindestens einen der folgenden Schritte
umfasst:

Ausbilden erster Mikrostrukturen (5), die
sich entlang der ersten Richtung erstrek-
ken, um gemeinsam mit den Nanostruktu-
ren (3), die sich in der ersten Richtung er-
strecken, hydrophile Kanäle auszubilden,
und
Ausbilden zweiter Mikrostrukturen (6), die
sich entlang einer zweiten Richtung, die
sich von der ersten Richtung unterscheidet,
erstecken, um gemeinsam mit den Nano-
strukturen (3), die sich in der ersten Rich-
tung erstrecken, hydrophobe Kanäle aus-
zubilden.

2. Verfahren zur Herstellung eines Polymerstempels
nach Anspruch 1, wobei der Schritt des Erzeugens
von Mikrostrukturen (5, 6) ferner mindestens einen
der folgenden Schritte umfasst:

Ausbilden der ersten Mikrostrukturen (5) mit ei-
ner Breite von 50 - 500 mm, vorzugsweise 100
- 200 mm, und einer Höhe von 10 - 1.000 mm,
vorzugsweise 50 - 200 mm, und
Ausbilden der zweiten Mikrostrukturen (6) mit
einer Breite von 1 - 100 mm, vorzugsweise 5 -
50 mm, und einer Höhe von 10 - 1.000 mm, vor-
zugsweise 50-200 mm.

3. Verfahren zur Herstellung eines Polymerstempels
nach einem der Ansprüche 1 oder 2, wobei der
Schritt des Erzeugens von Nanostrukturen (3) min-
destens einen der folgenden Schritte umfasst:

Ausbilden der Nanostrukturen (3) mit einem Ab-
stand von 70 nm - 3.500 nm, vorzugsweise 500
- 1.000 nm, und/oder einem dreieckigen, recht-
eckigen oder säulenförmigen Strukturquer-
schnitt, und
Ausbilden der Nanostrukturen (3) als Linien und
Leerstellen, die sich in der ersten Richtung er-
strecken.

4. Verfahren zur Herstellung eines Polymerstempels
nach Anspruch 1, wobei der Schritt des Erzeugens
von Nanostrukturen (3) im ersten Substratmaterial
(1) folgende Schritte umfasst:

Abdecken des ersten Substrats (1) mit einem
ersten Abdeckmittel (2); Übertragen von Nano-
strukturen (3) in das erste Abdeckmittel (2) mit
Hilfe von Nanolithografieverfahren;
Abdecken des ersten Substrats (1) mit dem na-
nostrukturierten ersten Abdeckmittel (2) mit ei-
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ner Metallschicht;
Entfernen des ersten Abdeckmittels (2) und des
Metalls oben auf dem ersten Abdeckmittel (2),
wobei die Bereiche des ersten Substrats (1)
ohne das Abdeckmittel (2) durch das Metall ab-
gedeckt bleiben;
Ausbilden von Nanostrukturen (3) in den nicht
mit dem Metall abgedeckten Teilen des ersten
Substrats (1) durch Ätzen der Oberfläche des
ersten Substrats (1), wobei das verbleibende
Metall als eine Maske genutzt wird;
Entfernen des Metalls vom ersten Substrat (1).

5. Verfahren zur Herstellung eines Polymerstempels
nach einem der vorangehenden Ansprüche, wobei
der Schritt des Erzeugens von Mikrostrukturen min-
destens einen der folgenden Schritte umfasst:

Abdecken des ersten Substrats (1) mit einem
zweiten Abdeckmittel (2), das ein Fotoabdeck-
mittel ist, und Ausführen eines Lithografiever-
fahrens, um Mikrostrukturen im zweiten Ab-
deckmittel (2) auszubilden, und
Ausbilden eines Durchgangslochs (7) durch das
zweite Abdeckmittel (2) und das erste Substrat
(1).

6. Verfahren zur Herstellung eines Polymerstempels
nach einem der vorangehenden Ansprüche, wobei
das Polymer-Elastomer Polydimethylsiloxan ent-
hält.

7. Verfahren zum Abformen von Vorrichtungen mit Mi-
kro- und Nanostrukturen, umfassend folgende
Schritte:

Gießen eines Endproduktmaterials auf den Po-
lymerstempel (11) mit Mikrostrukturen (5, 6) und
Nanostrukturen (3), der nach einem der Ansprü-
che 1 bis 6 hergestellt wurde, wobei die Mikro-
strukturen (5, 6) und Nanostrukturen (3) wäh-
rend des Schrittes des Gießens auf das End-
produkt (12) übertragen werden, und
Ablösen des Endprodukts (12) vom Polymer-
stempel (11).

8. Verfahren zum Abformen von Vorrichtungen nach
Anspruch 7, wobei das für das Gießen verwendete
Endproduktmaterial ein Polymermaterial ist.

9. Vorrichtung, umfassend:

erste Mikrokanäle (5), die sich entlang einer er-
sten Richtung erstrecken,
zweite Mikrokanäle (6), die sich entlang einer
zweiten, von der ersten Richtung abweichenden
Richtung erstrecken, und
Nanostrukturen (3), die zumindest auf dem Bo-

den der ersten und zweiten Mikrokanäle (5, 6)
ausgebildet sind und bereitgestellt sind, um sich
mindestens entlang der ersten Richtung zu er-
strecken,
dadurch gekennzeichnet, dass

ein Durchgangsloch (7) bereitgestellt ist, das
sich von einer Fläche der Vorrichtung (12) er-
streckt, um mit den Mikrokanälen (5, 6) in Ver-
bindung zu stehen,
die Nanostrukturen (3) und die ersten und zwei-
ten Mikrokanäle (5, 6) entlang der ersten Rich-
tung hydrophile Kanäle und entlang der zweiten
Richtung hydrophobe Kanäle bilden, und
die Nanostrukturen (3) in der Oberfläche der Mi-
krokanäle (5, 6) erzeugt werden und aus dem-
selben Material wie die Mikrokanäle (5, 6) selbst
ausgebildet sind.

10. Vorrichtung nach Anspruch 9, wobei die Vorrichtung
aus einem einzigen Polymermaterial oder einem ein-
zigen Polymermaterialverbund besteht.

11. Vorrichtung nach Anspruch 9 oder 10, wobei die Na-
nostrukturen (3):

geeignet sind, um Kontaktwinkel für eine darin
enthaltene Flüssigkeit von 0°-90°, vorzugswei-
se 30 ° - 75 °, entlang der ersten Richtung, und
von 90 ° - 160 °, vorzugsweise 110 - 150°, ent-
lang der zweiten Richtung bereitzustellen, und/
oder einen Abstand von 70 nm - 3.500 nm, vor-
zugsweise 500 - 1.000 nm, aufweisen und/oder
mit einem dreieckigen, rechteckigen oder säu-
lenförmigen Querschnitt bereitgestellt sind und/
oder
als Linien und Räume, die sich in der ersten
Richtung erstrecken, bereitgestellt sind.

12. Vorrichtung nach einem der Ansprüche 9 bis 11, wo-
bei
die ersten Mikrokanäle (5) eine Breite von 50 - 500
mm, vorzugsweise 100 - 200 mm, und eine Höhe von
10 - 1.000 mm, vorzugsweise 50 - 200 m, aufweisen
und/oder
die zweiten Mikrokanäle (6) eine Breite von 1 - 100
mm, vorzugsweise 5 - 50 mm, und eine Höhe von 10
- 1.000 mm, vorzugsweise 50 - 200 mm, aufweisen.

13. Verwendung der Vorrichtung nach einem der An-
sprüche 9 bis 12 als ein Brennstoffzufuhrsystem ei-
ner Mikrobrennstoffzelle, wobei die ersten Mikroka-
näle (5) Brennstoffzufuhrmikrokanäle sind und die
zweiten Mikrokanäle Gasabfuhrmikrokanäle sind
und das Durchgangsloch eine Brennstoffzuleitung
ist.

14. Verwendung der Vorrichtung nach einem der An-
sprüche 9 bis 12 als ein Wassermanagementsy-
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stem, wobei die ersten Mikrokanäle (5) Wasseraus-
lassmikrokanäle sind, die zweiten Mikrokanäle (6)
als Reaktantzuleitungen genutzt werden sind und
das Durchgangsloch (7) ein Wasseraustritt ist.

Revendications

1. Procédé de production d’un timbre en polymère pour
la reproduction de dispositifs comprenant des mi-
crostructures et des nanostructures, le procédé
comprenant les étapes suivantes :

la fourniture d’un premier substrat (1) ;
la structuration de nanostructures (3) s’étendant
le long d’une première direction dans le premier
matériau de substrat (1) ; suivie de
la structuration de microstructures (5, 6) sur le
premier substrat (1) ;
le coulage d’un élastomère polymère sur le pre-
mier substrat (1) avec des nanostructures (3) et
des microstructures (5, 6) pour former un timbre
en polymère (11);et
la libération du timbre en polymère (11),

caractérisé en ce que

l’étape de structuration de microstructures (5, 6)
comprend au moins une des étapes suivantes :

la formation de premières microstructures (5)
pour qu’elles s’étendent le long de la première
direction pour former des canaux hydrophiles
de concert avec les nanostructures (3) s’éten-
dant dans ladite première direction, et
la formation de deuxièmes microstructures (6)
pour qu’elles s’étendent le long d’une deuxième
direction différente de la première direction pour
former des canaux hydrophobes de concert
avec les nanostructures (3) s’étendant dans la
première direction.

2. Procédé de production d’un timbre en polymère se-
lon la revendication 1, dans lequel l’étape de struc-
turation de microstructures (5, 6) comprend en outre
au moins une des étapes suivantes :

la formation des premières microstructures (5)
avec une largeur de 50 - 500 mm, de préférence
de 100 - 200 mm, et une hauteur de 10 - 1000
mm, de préférence de 50 - 200 mm, et
la formation des deuxièmes microstructures (6)
avec une largeur de 1 - 100 mm, de préférence
de 5 - 50 mm, et une hauteur de 10 - 1000 mm,
de préférence de 50 - 200 mm.

3. Procédé de production d’un timbre en polymère se-
lon l’une des revendications 1 ou 2, dans lequel l’éta-
pe de structuration de nanostructures (3) comprend

au moins une des étapes suivantes :

la formation des nanostructures (3) avec un pas
de 70 nm - 3500 nm, de préférence 500 - 1000
nm, et/ou une section transversale de structure
triangulaire, rectangulaire ou en forme de pilier,
et
la formation des nanostructures (3) en tant que
lignes et espaces s’étendant dans la première
direction.

4. Procédé de production d’un timbre en polymère se-
lon la revendication 1, dans lequel l’étape de struc-
turation de nanostructures (3) dans le matériau du
premier substrat (1) comprend les étapes suivantes :

la couverture du premier substrat (1) avec une
première réserve (2) :

le transfert de nanostructures (3) dans la
première réserve (2) au moyen de proces-
sus de nanolithographie ;
la couverture du premier substrat (1) muni
de la première réserve (2) nanostructurée
avec une couche métallique ;
l’enlèvement de la première réserve (2) et
du métal au sommet de la première réserve
(2), où les surface du premier substrat (1)
dépourvues de la première réserve (2) de-
meurent couvertes par le métal ;
la formation de nanostructures (3) dans les
parties du premier substrat (1) non couver-
tes par le métal par gravure de la surface
du premier substrat (1) en utilisant le métal
restant comme masque ;
l’enlèvement du métal à partir du premier
substrat (1).

5. Procédé de production d’un timbre en polymère se-
lon l’une quelconque des revendications précéden-
tes, dans lequel l’étape de structuration des micros-
tructures comprend au moins une des étapes
suivantes :

la couverture du premier substrat (1) avec une
deuxième réserve (2) qui est une résine photo-
sensible et la réalisation d’un processus de li-
thographie pour former des microstructures
dans la deuxième réserve (2), et
la formation d’un trou débouchant (7) à travers
la deuxième réserve (2) et le premier substrat
(1).

6. Procédé de production d’un timbre en polymère se-
lon l’une quelconque des revendications précéden-
tes, dans lequel l’élastomère polymère comprend du
polydiméthylsiloxane.

21 22 



EP 2 360 114 B1

13

5

10

15

20

25

30

35

40

45

50

55

7. Procédé de reproduction de dispositifs comprenant
des microstructures et des nanostructures, compre-
nant les étapes suivantes :

le coulage d’un matériau de produit final sur le
timbre en polymère (11) comprenant des mi-
crostructures (5, 6) et des nanostructures (3)
produites selon l’une quelconque des revendi-
cations 1 à 6, dans lequel les microstructures
(5, 6) et les nanostructures (3) sont transférées
pendant l’étape de coulage au produit final (12),
et
la libération du produit final (12) du timbre en
polymère (11).

8. Procédé de reproduction de dispositifs selon la re-
vendication 7, dans lequel le matériau de produit final
utilisé pour le coulage est un matériau polymère.

9. Dispositif, comprenant :

des premiers microcanaux (5) s’étendant le long
d’une première direction,
des deuxièmes microcanaux (6) s’étendant le
long d’une deuxième direction, différente de la
première direction, et
des nanostructures (3) formées au moins sur le
fond des premiers et deuxièmes microcanaux
(5, 6) et prévues pour s’étendre au moins le long
de ladite première direction,
caractérisé en ce

qu’un trou débouchant (7) est prévu, qui s’étend
à partir d’une surface du dispositif (12) pour être
en communication avec les microcanaux (5, 6),
les nanostructures (3) et les premiers et deuxiè-
mes microcanaux (5, 6) forment des canaux hy-
drophiles le long de la première direction et des
canaux hydrophobes le long de la deuxième di-
rection, et
les nanostructures (3) sont structurées dans la
surface des microcanaux (5, 6) et sont formées
du même matériau que les microcanaux (5, 6)
eux-mêmes.

10. Dispositif selon la revendication 9, dans lequel le dis-
positif consiste en un matériau polymère unique ou
en un composite de matériau polymère unique.

11. Dispositif selon la revendication 9 ou 10, dans lequel
les nanostructures (3) :

sont adaptées pour fournir des angles de con-
tact de 0-90 ° pour un fluide qui y est contenu,
de préférence de 30 ° - 75 °, le long de la pre-
mière direction et de 90 °-160 °, de préférence
110 °- 150 °, le long de la deuxième direction,
et/ou ont un pas de 70 nm - 3500 nm, de préfé-
rence 500 - 1000 nm ; et/ou

sont munies d’une section transversale triangu-
laire, rectangulaire ou en forme de pilier ; et/ou
sont prévues en tant que lignes et espaces
s’étendant dans la première direction.

12. Dispositif selon l’une quelconque des revendications
9 à 11, dans lequel les premiers microcanaux (5) ont
une largeur de 50 - 500 mm, de préférence de 100 -
200 mm, et une hauteur de 10 - 1000 mm, de préfé-
rence de 50 - 200 mm ; et/ou les deuxièmes micro-
canaux (6) ont une largeur de 1 - 100 mm, de préfé-
rence de 5-50 mm, et une hauteur de 10 - 1000 mm,
de préférence de 50 - 200 mm.

13. Utilisation du dispositif selon l’une des revendica-
tions 9 à 12 en tant que système de fourniture de
combustible d’une micro-pile à combustible, dans la-
quelle les premiers microcanaux (5) sont des micro-
canaux de fourniture de combustible, et les deuxiè-
mes microcanaux sont des microcanaux d’évacua-
tion des gaz, et le trou débouchant est une alimen-
tation en combustible.

14. Utilisation du dispositif selon l’une des revendica-
tions 9 à 12 en tant que système de gestion de l’eau
d’une micro-pile à combustible, dans laquelle les
premiers microcanaux (5) sont des microcanaux
d’évacuation d’eau, les deuxièmes microcanaux (6)
sont utilisés comme alimentations en réactifs et le
trou débouchant (7) est une sortie d’eau.
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