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Description

Field of the invention

[0001] The present invention relates to a method ac-
cording to claim 1 for the production of manufactured
articles constituted of an elastomeric polymer substrate,
in selected zones of which there are particles of nano-
metric size of a metal or of some other compound that
create a region of the polymeric element having desired
electrical, biocompatibility and/or dielectric properties,
and such that said properties are maintained even after
numerous elastic deformations of the manufactured ar-
ticle; the invention also relates to functionalized elasto-
meric manufactured articles obtained by means of said
method according to claims 10 and 21 and to their use
according to claim 22.

Prior art

[0002] There are numerous manufactured articles con-
stituted of a combination of materials with given function-
alities, typically electrical, magnetic or optical, with poly-
mer materials that function as a mechanical support for
the functional material. The materials endowed with the
aforesaid functionalities are typically metals (which en-
dow the manufactured article mainly with characteristics
of electrical conduction), oxides or other compounds of
metals (characteristics of electrical insulation). The com-
bination of these materials and the polymers is of enor-
mous industrial importance because it makes it possible
to obtain manufactured articles which, as well as having
said functional properties, have characteristics that are
typical of polymers, for example characteristics of elec-
trical insulation, resistance to atmospheric agents and to
water, low weight, ductility, plasticity (deformability, elas-
ticity) and, last but not least, low cost. The polymers can
moreover easily be processed during their synthesis or
subsequently to give them practically any desired shape
(for example by molding).
[0003] Deposits of metals or oxides on the surface of
a polymer, or inside the matrix of the latter, can be ob-
tained by many various techniques, such as evaporation,
chemical deposition of vapours of a precursor of a metal
(better known as "Chemical Vapour Deposition" or CVD)
followed by reduction to metal and/or oxidation to the
corresponding oxide, physical deposition of vapours
(better known as "Physical Vapour Deposition", PVD or
sputtering), laser ablation and the like; these techniques,
widely known in this sector, generally give rise to contin-
uous deposits of the functional material.
[0004] Other techniques, usable in principle for forming
metallic deposits on polymer surfaces or underneath
them, are those that envisage the acceleration to high
kinetic energies of atoms or ionized nanoparticles, by
means of potential differences that range from thousands
to millions of volts (for example by means of ion guns),
with consequent implantation in the matrix of the polymer.

However, these techniques, defined as ion implantation
(or derived techniques) are not suitable for the purposes
of the present invention, because they require the im-
planted atoms or particles to be electrostatically charged;
firstly, this causes a build-up of charge within the polymer
substrates (which normally, being insulators, cannot dis-
sipate said charge), which greatly limits the quantity of
atoms or particles implantable and/or the velocity of dep-
osition thereof, and secondly, damage of the polymer,
for example its carbonization (especially on the surface),
which can greatly compromise the characteristics of bio-
compatibility of the final product. The term "biocompati-
ble" means polymers and other materials compatible with
living organisms, tissues and organs, in that they are non-
toxic, are not harmful and do not cause immunological
reactions in these organisms, tissues and organs.
[0005] Other techniques, usable in principle for forming
metallic deposits on polymer surfaces or underneath
them, are those that envisage the immersion or formation
of metal nanoparticles into a polymer matrix by chemical
processes, such as the reduction of metal salts dispersed
in a not-yet-crosslinked polymeric matrix using a reduc-
ing agent. In these cases, the use of chemical agents is,
in general, a necessary step for the synthesis of metal-
polymer systems. However, the combination of chemical
agents with some polymers can have many drawbacks
on the physical and chemical properties of said polymers.
First of all, as known by those skilled in the art, many
elastomeric polymers show intolerance to organic sol-
vents. For example, this intolerance can lead to the swell-
ing of the elastomeric matrix which compromises the di-
mensional stability of the polymer (the swelling of the
elastomer can cause deformation of its topographic fea-
tures). This is a critical aspect when such techniques are
used for the production of metal-polymer systems with
micropatterned features. Then, the use of chemical
agents can greatly compromise the characteristics of bio-
compatibility of the final product. In these sense, such
chemical processes are not suitable for the purposes of
the present invention.
[0006] Manufactured articles, and methods for their
production, are also known in which the functional ma-
terial is present on the surface or inside the polymer in
the form of particles, generally of nanometric dimensions,
which form a discontinuous deposit. Patent US 6,592,945
B2 describes a method in which nanometric particles of
a material of interest are first deposited, by techniques
such as sputtering or CVD, on the surface of a polymer
in an intermediate state of crosslinking, and are then
made to diffuse in the polymer during the thermal treat-
ment that leads to complete crosslinking of said polymer.
This method comprises the formation of a thin coating of
nanoparticles (or agglomerates) on the thermoplastic
substrate, with low or even absent implantation of the
said nanoparticles (or agglomerates) inside the polymer
matrix, leading to low adhesion between metal and pol-
ymer.
[0007] The article "Micro- and nanoscale modification
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of poly(2-hydroxyethyl methacrylate) hydrogels by AFM
lithography and nanoparticle incorporation", A. Podestà
et al., Journal of Nanoscience and Nanotechnology, 5(3),
425-430, 2005, describes the production of a "bed" of
carbon nanoparticles on the inside surface of a mould,
into which the precursors of the polymer under investi-
gation are then poured; the carbon particles are incorpo-
rated in the surface layers of the polymer as it forms.
Patent US 4,626,561 describes the use of a beam of
particles for their implantation in molten polymer (to ob-
tain a homogeneous distribution thereof in the final pol-
ymer, principally to endow it with mechanical properties).
Finally, the article "Poly(methyl methacrylate)-palladium
clusters nanocomposite formation by supersonic cluster
beam deposition: a method for microstructured metalli-
zation of polymer surfaces", L. Ravagnan et al., Journal
of Physics D: Applied Physics, 42(8),
082002/1-082002/5, 2009, describes the application of
a similar technique for obtaining deposits of palladium
nanoparticles in a rigid polymer. The polymer used in this
paper is poly(methyl methacrylate), a rigid thermoplastic
polymer with Young’s modulus of about 1800-3100 MPa.
With rigid polymer materials, it is possible to produce
flexible manufactured articles, namely, articles that can
be bent to some extent without breaking, in particular by
using very thin polymer slabs. Objects produced with rigid
polymers can also be stretched, in some cases even up
to 150%; these objects, however, do not recover their
original dimensions once the applied strain force is re-
leased, and their deformation upon stretching is perma-
nent. On the other hand, rigid polymers cannot be used
to produce devices exhibiting reversible extension or
stretching. In general, reversibly extensible (or stretcha-
ble) manufactured articles can only be produced using
as polymeric base an elastomeric polymer. Elastomeric
polymers (also referred to as elastomers) are character-
ized by Young’s modulus values comprised between
about 0.01 and 200 MPa. In the rest of the description
and in the claims, when the terms "elastomeric polymer"
or "elastomer" are used, it will be meant a material having
the aforesaid mechanical characteristics or, following the
definition given by the Encyclopaedia Britannica, "any
rubbery material composed of long chainlike molecules,
or polymers, that are capable of recovering their original
shape after being stretched to great extents"; in particu-
lar, by "elastomer" or "elastomeric" in the present de-
scription and claims will be intended a material that can
undergo an indefinite number (more than one) of cycles
of elongation/relaxation, in which the elongation is of at
least 25% compared to the length of the polymer body
at rest. Similarly, in the following description and claims,
when the terms "extension" or "stretching" (and derived
terms) are used, these will refer to elastic extension or
stretching and will imply a reversible deformation, such
that once the strain is no longer applied, the device re-
turns to its original shape and dimensions, and such that
cycles of deformation and subsequent relaxation can be
repeated many times.

[0008] In general, as is known by those skilled in the
art, if the processes normally used for the metallization
of rigid polymers are used for the metallization of elasto-
meric polymers, the resulting devices show mechanical
properties that make them unsuitable for the intended
applications; in particular, stretchability of the device with
maintenance of the electrical properties, and adhesion
between the metal and the polymeric parts, are poor.
This is mainly due to the difference between the mechan-
ical properties of metal deposits and the polymer used:
for rigid polymers this difference is low enough to permit
a good matching of the mechanical properties between
the functional metal and the polymer used as substrate,
allowing the bending of the final device; conversely, for
elastomeric polymers, this matching between the me-
chanical properties of the functional metal and the ones
of the polymeric substrate is not good enough to allow
the extension/stretching of the final device even for rel-
atively low values of strain. Elastomeric devices pro-
duced with a traditional metallization process, such as
evaporation, can achieve only few percent of strain dur-
ing loading and unloading cycle without electric break-
age, as reported for example in the articles "Metal Ion
Implantation for the fabrication of stretchable electrodes
on elastomers" by S. Rosset et al., Adv. Funct. Mater.
2009, 19, 470, and "High-Conductivity Elastomeric Elec-
tronics", D.S. Gray et al., Advanced Materials, Vol. 16,
No. 5, pp. 393-397, 2004. As a confirmation of the exist-
ence of the problem, it has been proposed to deposit
metal layers over corrugated polymer surfaces, as dis-
cussed in detail below.
[0009] For some applications it is necessary for the
manufactured article also to be flexible, and to maintain
the desired functional properties after bending; the pro-
duction of manufactured articles containing, for example,
electrically conducting lines inside flexible polymeric ma-
trices is described in patent US 6,878,643 B2 and in in-
ternational patent applications WO 00/20656 A1, WO
2005/114720 A2, WO 2009/003182 A1 and WO
2009/107069 A2. Manufactured articles of this type can
find application in numerous fields, such as in the auto-
mation of moving parts and in particular in robotics.
[0010] Another extremely important sector in which
functional manufactured articles or devices, in particular
with electrical functionalities, can be applied is that of
devices for implanting on or in a living organism, in par-
ticular on or in the human body. Numerous devices of
this type, both active and passive, are under develop-
ment. Active devices (also called "actuators") are those
that can cause an action in the human body, such as
reaction to an electrical stimulus provided by the device;
this category includes, for example, implantable neural
interfaces (described for example in WO 2009/090398
A2), devices for deep brain stimulation (described for ex-
ample in WO 2008/035344 A2), devices for electrical
stimulation of the spine for curing paralysis, or "actuators"
in general, capable for example of stimulating or replac-
ing muscular movement (so-called "artificial muscles").
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Instead, passive devices comprise all the sensors that
can be implanted temporarily or permanently in the body
for recording conditions or states of parts or organs there-
of, for example temperature sensors, sensors of the
stress to which a bone or a joint is subjected, or vascular
sensors (such as the cardiovascular sensors described
in US 2008/0302675 A1); all these sensors can also in-
corporate electronic components for data processing and
optionally transmission to the outside, also in wireless
mode, such as those described in WO 2008/140243 A2.
[0011] Devices for implanting in the body must of
course be made of biocompatible materials, which is also
a necessary condition for the products used during pro-
duction that can leave traces in said devices. Moreover,
the processes used must not alter the properties of the
biocompatible materials used as substrate.
[0012] In recent years research has focused on the
production of manufactured articles constituted of the
combination of a polymer and a functional material, which
as well as being flexible are also stretchable (i.e. can be
elongated in one or more directions) while maintaining
the functional property; this characteristic is of particular
interest in devices for implanting in the human body, be-
cause it makes it possible for the range of types of actu-
ators and sensors to be increased considerably, by al-
lowing these devices to be inserted also in parts of the
body that are subject to elongation or compression. A
device produced with a stretchable material also causes
less irritation and pain when implanted in the body, having
elastic properties that are similar to those of the parts of
the body surrounding it. While the production of flexible
manufactured articles with functional properties is rela-
tively simple, the production of stretchable manufactured
articles, whose functionality remains unchanged after
several cycles of deformation, has proved much more
complex, because the functional materials used are in-
trinsically inelastic in tension. As discussed for example
in the article of D.S. Gray et al. cited above, a gold trace
deposited on an elastomeric polymer can withstand elon-
gation of up to 2.4%, beyond which the metal deposit is
fractured and the trace loses its characteristics of elec-
trical conduction.
[0013] Various ways of overcoming this limitation have
been proposed in the literature.
[0014] The article by S. Rosset et al. cited above de-
scribes the production by ion implantation of stretchable
devices comprising metal deposits in an elastomeric
body. Though in the article the feasibility of stretchable
electrodes by ion implantation is demonstrated, the tech-
nique suffers from some drawbacks. In first place, as
admitted in the section "Dielectric Breakdown Field" of
the article, the dissipation of the high energies carried by
implanted ions may easily lead to carbonization of the
elastomeric surface where implantation takes place: this
process may lead to several adverse effects, such as
reduced local elastic properties or reduced biocompati-
bility. Another main problem of this technique is that the
implanted atoms have a great mobility in the structure of

the elastomer, and heavily aggregate forming particles
of greater dimensions already during implantation (the
driving force of this spontaneous phenomenon being the
reduction of free surface energy of the system). Particles
closer to the surface of the elastomer body, during their
growth, tend to capture more incoming atoms and
"shield" the lower parts of the same body, eventually com-
pletely blocking the penetration of further atoms in the
elastomer, resulting in a strongly inhomogeneous distri-
bution of dimensions of the final nanoparticles along the
depth of the deposit; in particular, said dimensions are
greater (much higher than the dimensions of the original
atoms) for nanoparticles at (or close to) the surface of
the elastomeric body, and constantly decrease at in-
creasing depths inside said body; this situation is well
represented in Fig. 1 of the article. Furthermore, the av-
erage size of the nanoparticles in the elastomeric body
is determined by the amount of implanted ions, and can-
not be controlled independently. This strongly inhomo-
geneous distribution of particle dimensions is likely re-
sponsible of the observed behaviour of these deposits
(see Fig. 6 in the same article), which can resist high
strains only if they have relatively high resistivity at rest
(implying low amount of implanted atoms - and thus
smaller nanoparticles in particular at the surface of the
elastomeric body), while the reduction of resistivity at rest
can be obtained only with a correspondent lose of resist-
ance to strain.
[0015] Another approach proposed is to produce con-
ductive traces that are not linear, for example conductive
lines of helical, undulating or zigzag shape.
[0016] The article of Gray et al. cited above describes
the production of conductive lines of gold in a silicone
matrix, in which the conductive lines are of helical shape
and can withstand elongation of the matrix up to approx.
27%. Patent application EP 1,790,380 A1 describes a
process for production of current-conducting manufac-
tured articles in which a trace of the desired shape is
obtained from a metal sheet (e.g. Pd or NiTi) by laser
cutting or by chemical attack, which is then made to ad-
here using thermal treatments to an elastomeric sub-
strate; the trace is of zigzag shape with rounded corners,
to reduce the risk of breakage during cycles of deforma-
tion. Patent US 7,085,605 B2 describes a method of pro-
duction of conductive elastomeric manufactured articles
in which undulating metal traces are deposited, for ex-
ample by electrochemical deposition. Finally, patents US
7,265,298 B2 and US 7,337,012 B2 and international pat-
ent application WO 2004/095536 A2 describe the pro-
duction of conductive elastomeric manufactured articles
comprising either a single trace or a plurality of traces for
each conductive line, in which the traces are produced
by photolithographic techniques with undulating geome-
try in the plane of the trace, or with a non-planar trace,
deposited on a corrugated surface of the substrate pol-
ymer. However, these methods are not entirely satisfac-
tory. In the first place, they are fairly laborious and there-
fore unsuitable for transfer to production on an industrial
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scale, in particular as regards that of the article of Gray
et al., which requires the production of a helical conduc-
tive line, or those of US 7,265,298 B2 and US 7,337,012
B2 in the case of deposition of conductive traces on non-
planar (corrugated) surfaces. Secondly, the manufac-
tured articles obtained using these methods are resistant
to tension only in the mean direction of the trace (i.e. in
the median direction of the undulation or corrugation).
[0017] A further approach, described for example in
international patent application WO 2009/114689 A1, is
to deposit (using known methods) metal traces on a pre-
tensioned elastomer; after deposition, the elastomer is
allowed to return to its dimension "at rest" and the metal
deposit rearranges geometrically to follow the contrac-
tion. In this case, however, in the elastomer at rest the
metal deposit becomes compressed; this can result firstly
in a change in the mechanical properties of the surface
of the elastomer on which the metal deposit is formed,
which can induce fracturing of the latter in the course of
repeated cycles of elongation and relaxation to which the
manufactured article will be subjected. Besides, the man-
ufactured articles obtained by these methods are also
only resistant to tension in the direction in which the elas-
tomer had been pretensioned initially, and for a maximum
extension equal to said pretension. This approach also
creates notable problems of scalability of the process.
[0018] Still another approach is the one proposed by
patent application US 2010/0002402 A1, which de-
scribes the production of flexible conductive manufac-
tured articles constituted of a layer comprising the con-
ductive traces incorporated in an elastomer matrix by the
interposition of intermediate layers, which have the func-
tion of absorbing most of the elongation of the matrix,
transferring it only minimally to the layer with the conduc-
tive trace. This method requires a particularly complex
procedure for production of the manufactured articles. In
addition, this method shifts the problem but does not
solve it; in fact, since in these manufactured articles the
length of the conductive trace remains almost unchanged
in the cycles of elongation/relaxation, it is necessary to
provide some other way of bringing electrical contacts of
variable length from the outside to the trace, in order to
compensate the deformations of the manufactured arti-
cle.
[0019] EP1818110 discloses using polymers sub-
strates with cluster beam depositing them with e.g. met-
als. A variety of polymer precursors can be used depend-
ing on the desired properties of the end product, in par-
ticular: acrylic acid, any polymerizable amine precursors
(such as alkylamines), alcohols, alkylaldehydes, ace-
tone, or alkylthiols. For biology related applications, the
polymer precursor is advantageously selected for its ca-
pability-as a result of plasma assisted polymerization-of
providing OH, COOH, SH, CO or NH2 functionalities.
[0020] Another limitation of most known methods
adopted for forming metallic deposits (by various tech-
niques) on the surface of a polymer is that generally it is
necessary to pretreat this surface to permit adhesion of

the deposit and avoid its delamination. These treatments
can be of a physical type (for example thermal, treat-
ments with plasma, irradiation with particles or UV light)
or of a chemical type (in particular, deposition of an in-
termediate layer of chromium with the function of a com-
patibilizing agent between the polymer and the metal se-
lected for the deposit); however, all these treatments, as
well as adding complications to the process, can render
the manufactured article non-biocompatible (in particular
in the case when chromium is present).

Summary of the invention

[0021] The purpose of the present invention is to pro-
vide a method for the production of elastomeric manu-
factured articles that are functionalized electrically, opti-
cally, magnetically, chemically and/or with respect to the
characteristics of interaction with biological systems,
which overcomes the problems of the prior art, as well
as provide manufactured articles obtained using said
method.
[0022] These aims are achieved according to the
present invention which, in a first aspect, consists of a
method for the production of a functionalized elastomeric
manufactured article comprising a deposit of at least one
functional material selected from a metal, an oxide or
some other compound of a metal, which comprises the
operation of forming said deposit for implanting neutral
clusters of nanometric dimensions of said material in an
elastomeric material.
[0023] The inventors found that implanting aggregates
of nanometric dimensions of the aforementioned func-
tional materials in an elastomer leads to the formation of
a composite material in a well-defined region within the
elastomer. This composite material consists of a met-
al/polymer nanocomposite, i.e. it is formed from nano-
particles of the aforementioned functional materials em-
bedded in the matrix of the polymer.
[0024] The inventors have verified that these materials
maintain the desired functionality even after a large
number of intense elastic deformations, in particular elon-
gations of at least 50% of the dimensions of the elastomer
at rest.
[0025] The inventors have further verified that the ob-
tained materials have properties of biocompatibility or
bioinertness, if biocompatible polymer and functional ma-
terials are used as precursors, and that in some cases
they give rise to improved properties of bioactivity com-
pared to the elastomer of the substrate.

Brief description of the drawings

[0026] The invention will be illustrated in detail below,
with reference to the Figures, in which:

- Fig. 1 shows, schematically, a possible system for
production and implantation of nanoclusters for car-
rying out the method of the invention;
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- Fig. 2 shows, schematically and in section, an elas-
tomeric manufactured article at different stages of
execution of the method of the invention;

- Fig. 3 shows, in a view similar to that of Fig. 2, an
elastomeric manufactured article at various stages
of a preferred embodiment of the method of the in-
vention;

- Fig. 4 shows, in a view similar to that of Fig. 3, an
elastomeric manufactured article at various stages
of a preferred embodiment of the method of the in-
vention;

- Fig. 5 shows, schematically, the growth of a deposit
of nanoclusters obtained according to the invention
as a function of the deposition time;

- Fig. 6 shows, in a top view, a possible manufactured
article of the invention;

- Fig. 7 shows microphotographs of two manufactured
articles produced according to the invention;

- Fig. 8 shows micrographs taken with a transmission
electron microscope (TEM) on two samples of man-
ufactured articles of the invention;

- Fig. 9 shows the manufactured article of Fig. 6, to
which clamps have been connected for tests of elec-
trical resistance during deformation of the manufac-
tured article;

- Fig. 10 shows the result of resistance measurements
of the manufactured article of Fig. 9 in various cycles
of elongation/relaxation;

- Fig. 11 shows the result of a resistance measure-
ment of a manufactured article of the invention as a
function of elongation, up to its breaking;

- Fig. 12 shows a comparison of data of maximum
strain before electrical breaking as a function of re-
sistance at zero strain for an article of the invention
and for samples prepared according to the prior art;
and

- Figs. 13 and 14 show microphotographs of samples
of the invention and of comparative samples, on
which cell cultures have been grown;

- Fig. 15 shows atomic force microscopy images of
two samples of the invention, showing their surface
morphology.

Detailed description of the invention

[0027] The aggregates of nanometric dimensions are
commonly known in this sector by the term "nanoclus-
ters", which will be used in the rest of the text. The nan-
oclusters can be produced by various techniques. The
sources of nanoclusters most commonly used can be
divided into two classes, those in which the nanoclusters
leave the source, diffusing freely after their formation,
and those in which the nanoclusters are driven out of the
source by the expansion of a gas (generally inert, called
"carrier gas") to form an inseminated gas beam of nan-
oclusters. This second class of sources, called "sources
with inseminated beam of nanoclusters", is preferred for
the present invention. When in this second case expan-

sion of the mixture of gas and nanoclusters takes place
in supersonic conditions, as known by a person skilled
in the art, the terms "supersonic inseminated beam of
nanoclusters" and "sources with supersonic inseminated
beam of nanoclusters" are used. The technique that uses
said sources, both with a non-supersonic beam and in
the supersonic case, for depositing the nanoclusters onto
a substrate, is called deposition of clusters by an insem-
inated beam, better known by the term "Cluster Beam
Deposition" or its abbreviation CBD, which will be used
in the following.
[0028] There are many variants of the source of nan-
oclusters, which often differ from one another only in de-
sign details or in the processes used for vaporizing the
functional materials used for synthesis of the nanoclus-
ters (such as, for example, the sputtering process, laser
evaporation or electron beam evaporation). In the follow-
ing, one possible type of source is described, purely as
an example, but the invention can also be carried out
with any other known source capable of generating na-
noclusters.
[0029] Fig. 1 shows a possible system for the produc-
tion of nanocomposite deposits. The source of nanoclus-
ters, 100, is composed of a hollow ceramic body 101
inside which there is a cylindrical cavity 102 (called "cav-
ity of the source"), generally having a volume of a few
cubic centimetres. At one end of the cavity of the source
there is the outlet nozzle 103 (for example with a diameter
of 100 mm) of a solenoid valve 104 which controls the
entry of the carrier gas into said cavity. A line for high-
pressure technical gases 105, preferably of high purity
(equal to at least 99.9999%), is connected to the valve.
Inside the cavity of the source, orthogonal to the axis of
the latter, there is a cylindrical rod 106 (generally a few
millimetres in diameter) which constitutes its cathode,
made of the material from which the nanoclusters are to
be formed. During operation of the source, the rod is pref-
erably kept rotating about its axis of symmetry, at a speed
of some revolutions per minute (rpm); this condition helps
to stabilize the operation of said source. For its part, the
anode of the source is constituted of a perforated metal
disk 107 (for example of copper) connected to the ground
and located near the outlet nozzle of the valve (positioned
so as not to obstruct said nozzle). The opposite end of
the cavity of the source (called "exit end of the cavity") is
connected to a vacuum chamber called "expansion
chamber", 110, via an orifice 111 (called "nozzle" in the
industry) and a collimator 112 with aerodynamic lenses.
The nozzle is a metal disk (e.g. steel) a few centimetres
in diameter with a hole approx. 2 mm in diameter in the
centre. The nozzle closes the exit end of the cylindrical
cavity of the source, in such a way that said cavity is
connected to the collimator with aerodynamic lenses via
the hole in the nozzle. The collimator with aerodynamic
lenses can be made up of four successive stages (113,
113’, 113", 113"’), each of which is in its turn made up of
a hollow metal cylinder with an inside diameter of about
10 mm and a height typically of a few centimetres. The
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stages are interconnected with one other by aerodynamic
lenses constituted of steel disks with a diameter equal to
that of the hollow cylinders and with a hole at the centre
with a diameter of approx. 2 mm. The last stage is in its
turn connected to the expansion chamber by another aer-
odynamic lens 114 with a hole with a diameter of approx.
1 mm.
[0030] The expansion chamber is kept under vacuum
by a pumping system 115 (for example, a typical system
adopted for these sources is constituted of a series of
pumps in "cascade", a rotary or a two-stage "Roots"
pump and a turbomolecular pump), capable of bringing
the pressure in the chamber, prior to commencement of
implantation, to values between approx. 1 3 10-5 and 1.5
3 10-4 pascal (Pa). Before the implantation process be-
gins, the pressure is roughly uniform in the whole system,
because the cavity of the source is evacuated, via the
holes of the nozzle and of the collimator, by the pumping
system of the expansion chamber; conversely, during
the implantation process, the inflow of gas from the so-
lenoid valve increases the pressure in the cavity of the
source, which is controlled to an equilibrium value due
to the flow of entering gas and the rate of pumping by
the system of pumps. The cylindrical cavity of the source,
the hole in the nozzle and the holes in all the aerodynamic
lenses are aligned on the same axis of symmetry (called
"beam axis"); to be able to flow from the cavity of the
source to the expansion chamber, a gas must necessarily
pass successively through both the hole in the nozzle
and the holes in all the aerodynamic lenses.
[0031] The source has a pulsed regime, with a frequen-
cy of the cycles of operation of the source typically equal
to several hertz. In each cycle the solenoid valve is
opened for a period of time (called "valve opening time")
typically of the order of hundreds of microseconds (ms).
In each cycle, after a time between 0.3 and 1.0 millisec-
onds (ms) from valve opening, called "delay time", a volt-
age of approx. 850 V (called "discharge voltage") is ap-
plied between the anode and the cathode of the source
for a period of time (called "discharge time") between 60
ms and 100 ms. The valve opening time, the delay time,
the discharge voltage and the discharge time are the
process control parameters; these parameters are de-
fined by the operator before and during the time that the
source is operational, in order to stabilize its operation
and optimize the quantity of nanoclusters produced per
second (this quantity is called "deposition rate" of the
source); these parameters, and in particular the valve
opening time, cannot be selected completely a priori, and
must necessarily be regulated during operation of the
source.
[0032] Since the nanoclusters continue to grow in size
by aggregation up to the moment of their exit through the
nozzle or the collimator, it is possible to control the size
of the nanoclusters before implantation by controlling the
time that elapses between formation of the vapours in
the cavity of the source and exit through the nozzle or
the collimator to form the beam. This time, in its turn, can

be controlled both by regulating the geometric charac-
teristics of the source (for example the volume of the
cavity of the source, the diameter of the hole in the nozzle,
the number of stages of the collimator, the size of said
stages, and the diameter of the holes in the aerodynamic
lenses) and by varying the operating parameters of the
source. The latter have an influence on the residence
time of the mixture in the cavity of the source as they
determine the pressure and temperature of the carrier
gas in the cavity (controllable by varying the valve open-
ing time, valve inlet pressure, discharge voltage and dis-
charge time). Moreover, the nature of the carrier gas (i.e.
the gas or mixture of gases used) and the pressure dif-
ference between the cavity and the expansion chamber
(controllable by acting on the pumping system of the ex-
pansion chamber) also have an influence on said resi-
dence time. All the aforementioned parameters finally
also determine the velocity of the nanoclusters in the
beam.
[0033] Application of the discharge voltage between
cathode and anode causes an electric discharge be-
tween the end of the rod inside the source and the anode.
This discharge ionizes the argon atoms which, propelled
towards the cathode by the applied potential, form a plas-
ma plume that erodes the metal by "ion sputtering". The
atoms of the cathode material are thus vaporized and,
establishing thermal equilibrium with the argon, aggre-
gate together, forming the nanoclusters. The mixture
formed from argon and nanoclusters, typically at a pres-
sure of some hundreds of hectopascals (hPa), can then
exit, through the nozzle and the collimator with aerody-
namic lenses, from the source chamber to the expansion
chamber. The high pressure gradient between the source
chamber and the expansion chamber, in addition to pro-
pelling said mixture through the nozzle and the collimator
to the expansion chamber, causes its rapid adiabatic ex-
pansion that leads to the formation of a supersonic beam.
Moreover, as is known by a person skilled in the art, the
geometric configuration of the collimator with aerody-
namic lenses induces fluid-dynamic effects capable of
concentrating the nanoclusters on the beam axis. Thanks
to this, the nanocluster beam has divergence of the order
of 1 ° and the mean velocity of the nanoclusters in the
beam is approx. 1000 m/s (these two parameters can be
modulated in relation to the operating parameters of the
source).
[0034] The expansion chamber communicates with a
third chamber 120 (called "deposition chamber") by
means of a hollow cone 121 (called "skimmer") with a 3-
mm hole at the vertex. The axis of this hole is aligned
with the beam axis, so as to permit passage of the central
portion of the nanocluster beam and disperse the uncol-
limated portion of the beam of argon and nanoclusters.
The deposition chamber is connected to a second pump-
ing system, 122, similar to the one described previously,
which maintains an average pressure of approx. 5 3 10-3

Pa inside the chamber during operation of the source.
[0035] A sample holder 123 is placed in the deposition
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chamber, turned towards the nanocluster beam in order
to intercept it; the elastomer 124, in which the nanoclus-
ters are to be implanted, is positioned on said sample
holder prior to evacuation of the deposition chamber. In
some configurations the axis of the nanocluster beam
may not be orthogonal to the elastomer surface exposed
to the beam. The nanoclusters can be deposited on just
a portion of the polymer surface, delimiting it with
"masks", as described below; the figure shows this pre-
ferred embodiment: element 125 is the mask. The sam-
ple holder can moreover be connected to a remote-con-
trolled motorized system, which is able to move said sam-
ple holder (and the mask if present) in two directions or-
thogonal to the axis of the cluster beam. This movement,
called "rastering", makes it possible to expose an arbi-
trarily large area of the polymer film to the nanocluster
beam even though the projection of the nanocluster
beam on the sample holder has a diameter of approx. 3
cm. Finally, the sample holder is equipped with a quartz
microbalance (known by a person skilled in the art by the
abbreviation QCM, not shown in the figure) which, before
commencement of the process of implantation of the na-
noclusters in the polymer film, is exposed to the nano-
cluster beam always by the motorized drive system of
the sample holder. It is thus possible to measure the rate
of deposition of the source and optimize its operating
parameters.
[0036] After optimization, the process of exposure of
the polymer to the nanocluster beam begins. During this
process the nanoclusters are implanted in the polymer
and form a nanocomposite layer therein. Before and dur-
ing exposure, the polymer film is maintained at room tem-
perature (equal to approx. 20 °C). The exposure time
depends on the area covered by the rastering and on the
desired nanocluster density in the nanocomposite, and
generally varies between some tens of minutes and some
hours. Moreover, a "blank" is generally positioned on the
sample holder, near the elastomer and in an area covered
by the rastering process, said blank comprising for ex-
ample a silicon substrate of some square millimetres ex-
posed to the beam with its polished face, and partially
masked by aluminium foil. The uncovered part of said
substrate is thus subject to deposition of the nanoclusters
in the same way as the polymer film, except that on said
substrate the inertia of the nanoclusters is not such as
to permit their implantation. There is thus formation of a
surface film of nanoclusters, the thickness of which
(called "equivalent thickness") can be measured at the
end of deposition of the nanoclusters using a stylus pro-
filometer (by measuring the height of the step formed
between the area of the "blank" on which deposition has
taken place and that where deposition has not taken
place because of masking by the aluminium foil); the pur-
pose of this procedure is to provide independent check-
ing of the amount of material deposited, and hence also
of the amount implanted in the elastomer. At the end of
exposure, the source of nanoclusters and the pumping
systems of the expansion chamber and deposition cham-

ber are switched off, and the latter is opened for removing
the elastomer sample on which the implantation of nan-
oclusters has taken place.
[0037] Variants of the technique described above can
envisage, for example, the use of an inert gas different
from argon (e.g. helium), or of a reactive gas when it is
desired to form nanoclusters of a material derived from
reaction between said reactive gas and another element;
the use of the starting material for formation of nanoclus-
ters in a physical form other than solid, i.e. liquid or also
in the form of gas and/or vapour; or, in the case when
the material with which the nanoclusters are to be formed
is in solid form, the use of a method different from the
application of a potential difference for stripping atoms
from said solid material (for example, laser ablation or
similar).
[0038] Of course, given the statistical nature of the
processes on which this technique is based, both the size
of the nanoclusters and their velocity are to be under-
stood as mean values of a distribution of said values.
The nanoclusters thus produced are electrically neutral
particles, and therefore can be implanted without prob-
lems of build-up of electric charge in the elastomers,
which are normally electrical insulators. Moreover, the
energy released to the substrate is very low (owing to
the reduced kinetic energy of the nanoclusters, generally
between a few meV per atom and a few eV per atom)
and so do not induce appreciable heating of the polymer,
and in particular prevent damage to the latter or to other
previous functionalizations thereof, in contrast to what
occurs in techniques such as ion implantation or the like,
as discussed previously.
[0039] The nanoclusters usable for the purposes of the
invention are constituted of a number of atoms varying
between a few units and some thousands, and have di-
mensions between a few angstroms (Å) and some hun-
dreds of nanometres (nm); preferably, these nanoclus-
ters have dimensions smaller than 50 nm, and more pref-
erably between approx. 1 and 10 nm.
[0040] The nanoclusters can be produced essentially
from all the metals or semimetals, for example Au, Ag,
Pd, Pt, Cu, Ti, Fe, Ni, Cr, Co, Nb, Zr, Al, C, V, Zn, Mo,
W, Pb, Sn, Hf, Ir, alloys thereof or oxides thereof; in the
case of deposits intended for the production of devices
for implanting in living organisms (for example, in the
human body), these metals or compounds must be lim-
ited to those that are biocompatible and non-toxic, so
that, for example, metals such as Cr or Pb are to be ex-
cluded. The precious metals, in particular gold, platinum,
silver and titanium or its oxides, are preferred for the pur-
poses of the invention. Gold and platinum are preferred
on account of their high electrical conductivity, chemical
stability and biocompatibility. Silver is preferred on ac-
count of its particular bioactivity properties, such as an-
tifoaming and antimicrobial agent, and its dielectrical
properties. The oxides of titanium (to be understood as
stoichiometric or non-stoichiometric compounds of gen-
eral formula TiOx, with 0 < x ≤ 2) are often used for bio-
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logical applications, on account of their dielectric char-
acteristics, transparency, biocompatibility and capacity
for promoting cell growth.
[0041] All known elastomeric materials (both natural
and synthetic) can be used for making the manufactured
articles of the present invention; purely as examples, we
may mention polysiloxanes (more commonly known as
silicones), polyurethane elastomers, elastomeric fluor-
opolymers, elastomers based on polyolefins, polybuta-
diene (BR), styrene-butadiene rubbers (SBR), ethylene-
propylene rubbers (EPR), ethylene-propylene-diene rub-
bers (EPDM), nitrile rubbers (NBR), acrylic rubbers
(ACM) and those based on isobutylene and isoprene
(IIR). Even if this is not included among the objects of
the present invention, the technique can naturally be ap-
plied moreover to other polymers, such as for example
polyurethanes, polyamides (PA), parylene (poly-paraxy-
lene), fluoropolymers, polyolefins, collagens, chitin, algi-
nates, polyvinylpyrrolidone (PVP), polyethylene glycol
(PEG), polyethylene oxide (PEO), polyvinyl alcohol
(PVA), polymers or copolymers of lactic and glycolic ac-
ids, polycaprolactone, polyamino acids and hydrogels.
The polysiloxanes, polymers of general formula (Rx-
SiO(4-x)/2)n, in which R is an organic radical such as me-
thyl, ethyl or phenyl, and x is an integer between 1 and
3, are preferred for the purposes of the invention, espe-
cially when biocompatible manufactured articles are to
be produced. Within this class, polydimethylsiloxane
(PDMS) is particularly preferred, for the set of character-
istics that it displays; this polymer in fact has notable re-
sistance to temperature, to chemical attack and to oxi-
dation, it is impermeable to water, it is an excellent elec-
trical insulator, it is resistant to ageing, it is transparent,
inert, non-toxic and non-flammable.
[0042] The elastomer can have any shape or thick-
ness; in the majority of practical applications, however,
manufactured articles are preferred in the form of sheets
or films of small or very small thickness for the require-
ment, common in the production of electronic devices,
of size reduction and integration thereof; this requirement
is even more applicable in the field of devices for implant-
ing in the body, in which the device must have the small-
est possible dimensions to increase the patient’s comfort
and minimize possible interference of the device with the
functionality of the part of the body in which it is inserted
and the surrounding parts. The elastomeric substrates
used in the invention typically have a thickness between
approx. 500 nm and 1 mm, and preferably between ap-
prox. 5 and 300 mm. For the larger thicknesses in these
ranges, the elastomer can be used in the form of a sheet
produced beforehand and arranged on a sample holder
of the apparatus. For reduced thicknesses, such as those
in the preferred range defined above, the elastomeric
layer is preferably produced directly on a rigid substrate
(for example, a disk of planar silicon) by depositing the
precursors of the polymer, for example in the form of a
solution, on said substrate; by forming a film of the solu-
tion on the substrate, for example by rotating the sub-

strate (a technique known as "spin coating"); by evapo-
rating the solvent; and by submitting the film of precursors
thus obtained to treatments (defined as "curing") that
bring about its polymerization or crosslinking, such as
thermal treatments or irradiation, typically with radiation
of wavelength in the UV range. The substrate on which
the film has been formed can then be used directly as
the sample holder in the implantation phase. In the rest
of the description reference will be made to this preferred
embodiment of the method of the invention, which how-
ever remains of general applicability also to elastomers
in the form of preformed articles (for example, sheets or
complex three-dimensional strucutres).
[0043] The implantation of the nanoclusters in the elas-
tomer leads to the formation, in a surface layer of the
latter, of a nanocomposite, i.e. a volume of the material
constituted of a dispersion of nanoparticles of a first ma-
terial (metal or oxide) in the matrix of a second material
(the elastomer).
[0044] The thickness of this surface layer is determined
by the "depth of penetration" of the nanoclusters, i.e. the
maximum distance from the surface that the particles
reach in the selected operating conditions; the depth of
penetration depends on various factors, and mainly the
average velocity of the nanoclusters at the moment of
impact on the elastomer surface (defined as "implanta-
tion velocity", measured from its component parallel to
the beam axis) and their average mass, which determine
the inertia of the nanoclusters, the temperature of the
elastomer during deposition and, to a lesser extent, its
chemical nature (for example the type of polymer, its de-
gree of polymerization and degree of crosslinking, which
together determine higher or lower resistance to pene-
tration). For the purposes of the invention, typical values
for these quantities are: a deposition temperature that
can vary over a wide range, and can for example be be-
tween -210 and 150 °C, preferably between 20 and 90
°C, and more preferably room temperature; an implan-
tation velocity between approx. 100 and 10 000 m/s, pref-
erably between approx. 500 and 2000 m/s, and more
preferably approx. 1000 m/s. In the practical execution
of the method, for a given pair of materials (functional
material and elastomer) and given characteristics of the
implantation apparatus, the depth of penetration can be
determined easily and optionally optimized to a desired
value with a few preliminary tests. Typically, the thickness
of the nanocomposite layer is between 5 nm and 10 mm,
preferably between approx. 50 nm and 1 mm, and more
preferably it is controlled to values of approx. 100 nm.
[0045] Fig. 2 shows the essential phases of execution
of the method. In this figure, the elements are not shown
to scale, and in particular the film thicknesses and the
dimensions of the nanoparticles are much enlarged for
clarity. Fig. 2 (A) shows schematically, in section, a sub-
strate, 21, on which there is a film, 22, of an elastomer
obtained for example by deposition of a solution of pre-
cursors on the substrate and polymerization in situ. Fig.
2 (B) shows the nanocluster implantation phase: the
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number 23 identifies the nanocluster beam that is inci-
dent on the top surface of the film 22; the nanoclusters
penetrate into the elastomer as far as the depth of pen-
etration (shown in the figure as PP), giving rise to the
nanocomposite layer. Fig. 2 (C) shows the final result of
the implantation phase, which consists of the manufac-
tured article 20 in which a nanocomposite material 25 is
produced in the upper portion 24 of the film 22, while the
lower portion, 26, of the same film, remains free from
nanoparticles. Finally, Fig. 2 (D) shows the final manu-
factured article, obtained by removing film 22 with the
nanocomposite material 25 formed therein from sub-
strate 21, for instance by "peeling off".
[0046] As clearly shown in Fig. 2 (C), the nanocom-
posite material is produced in such a way that no physical
interface is formed between the nanocomposite material
25 and the lower portion 26 of film 22, i.e. no sharp phys-
ical interface between the nanocomposite material 25 in
the upper portion 24 of the film 22 and the elastomeric
polymer in the lower portion 26 of the same film is formed
after the implantation process. The lack of any physical
interface is very important in order to guarantee a good
adhesion between the nanocomposite material 25 and
the the lower portion 26 of the film 22 and, in particular,
to guarantee mechanical resistance to the entire manu-
factured article 20; as known by those skilled in the art,
the presence of a physical interface could represents a
weak region of the manufactured article, that could lead
to the breakage of the system when mechanical stress
is applied. Another benefit of the method disclosed in the
present invention is that, due to the particular physical
process used, no other chemical compounds are used,
apart from the polymer and the material of the nanoclus-
ters. For example, chemical solvents or surfactants,
which could compromise the biocompatibility of the final
manufactured article, are not used during the nanocom-
posite formation process disclosed in the present inven-
tion. In particular, the polymeric part of the nanocompos-
ite material is composed exclusively by the same mon-
omers of the elastomeric film, i.e. is chemically identical
to the polymer composing the elastomeric film.
[0047] Another important parameter for controlling the
final properties of the nanocomposite layer is the "nano-
cluster density". For the purposes of the present inven-
tion, this value is defined as the number of implanted
nanoclusters (the number of nanoclusters implanted in
the polymer matrix at the end of the implantation process)
per unit area of implantation measured in square nanom-
eters, nm2, divided by the thickness of the nanocompos-
ite in nanometers; this quantity is expressed in dimen-
sions of "number of particles/nm3". It must be pointed out
that after the implantation process, during subsequent
treatments of the manufactured article, the number of
nanoclusters included in the polymer matrix can vary due
to coalescence and aggregation processes: the nano-
clusters may undergo aggregation, giving rise to particles
of larger dimensions, present in a smaller number than
that obtained as a direct result of implantation. In this

sense "the number of implanted nanoclusters" refers to
the number of implanted nanoclusters at the end of the
implantation process. Due to reduced mobility of nano-
clusters in the elastomer body compared to atoms and
ions, however, this phenomenon is of greatly reduced
entity compared to what happens, e.g., with ion implan-
tation. Similarly, due to aggregation, also the average
size of the final nanoclusters can be slightly greater than
that of the neutral clusters of the nanocluster beam (23
in Fig. 2 (B)), but the extent of this increase in dimensions
is much lower than in case of ion implantation, and the
nanoclusters in the final manufactured article have di-
mensions in a much narrower range than those obtained
with said prior art technique. Moreover, the average size
of the nanoclusters present in the nanocomposite layer
is uniform throughout the nanocomposite material, not
presenting a gradient in size distribution on the direction
orthogonal to the surface of the nanocomposite layer,
typical, for example, of ion implantation. Values of nan-
ocluster density useful for the purposes of the invention
are typically between 1 3 10-5 and 1 3 10-1 clusters/nm3.
[0048] Furthermore, the inventors have found that the
average size of the nanoclusters present in the nano-
composite material at the end of implantation process is
in all cases comprised between the average size of the
neutral clusters of the nanocluster beam and ten times
said size, and is weakly dependent on the the density of
nanoclusters of the nanocomposite layer. It is therefore
possible to control the density of nanoclusters in the na-
nocomposite (or, the equivalent thickness of the deposit)
almost independently by the average size of the nano-
clusters in the nanocomposite. This, for example, is not
possible by other synthesis approaches, such as, e.g.,
ion implantation. Since, as known by those skilled in the
art, the average size of the nanoclusters is a parameter
influencing many physical properties of the manufac-
tured article, the almost independent control of the aver-
age size and of the density of the nanoclusters present
in the nanocomposite, represents another benefit of the
method disclosed in the present invention
[0049] Finally, the present inventors have found that
the top surface of the nanocomposite material 25 has a
"surface roughness" comprised between 0.1 nm and 100
nm, and generally comprised between 1 nm and 10 nm,
where by "surface roughness" is meant the root mean
square surface roughness normally adopted in atomic
force microscope (AFM) measurements and defined as
known by those skilled in the art. This surface roughness,
influenced by the average size of the nanoclusters in the
nanocomposite, is strictly related to the method of pro-
duction disclosed in the present invention; this roughness
is likely responsible, at least in part, of the good biocom-
patibility of the manufactured articles of the invention,
since, as known by those skilled in the art, surface rough-
ness may improve, for example, cells adhesion on the
surface. After formation of the nanocomposite, the poly-
mer is preferably "annealed" to promote its structural and
morphological rearrangement; in the case when the pol-
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ymer is in the form of a film obtained by depositing the
precursors of the polymer on a substrate as already de-
scribed, and the curing process has only been carried
out partially (i.e. for a period of time shorter than that
stipulated), annealing can also promote complete polym-
erization and/or crosslinking thereof, finally consolidating
the elastomer and producing a manufactured article with
characteristics that are stable over time. Annealing can
be carried out at temperatures roughly between 40 and
120 °C for times between approx. 15-20 minutes and 48
hours; the preferred annealing conditions are a temper-
ature of approx. 90 °C and treatment for approx. 10 hours.
[0050] For making devices with electrical functionality,
it is necessary for the deposits obtained according to the
method of the invention to have defined geometry, for
example in the form of linear traces that connect two
points of the device. At these two points there can for
example be two electrical contacts for detecting the elec-
trical resistance in the trace, for making temperature sen-
sors; typically, however, the devices are more complex,
and the traces obtained according to the invention con-
nect functional components of the device, such as resist-
ances, capacitors and inductances or RF antennas;
these components of the device can in their turn be pro-
duced using the method of the present invention in at
least one or even all of the steps of a process for depo-
sition of various functional layers, as known by a person
skilled in the art of solid-state integrated circuits.
[0051] The production of traces, or of deposits with par-
ticular geometries, is described below with reference to
two alternative embodiments.
[0052] In the first embodiment, definition of the implan-
tation zones is obtained by means of physical masks (bet-
ter known in this sector as "stencil masks"), i.e. generally
metal sheets but also plates of glass, plastic, silicon or
ceramic, with thicknesses generally between approx.
100 mm and 1 mm, which have openings with shapes
and dimensions corresponding to the desired implant ge-
ometry. This possibility is shown in Fig. 3: the elastomer
film, 32, is produced on the substrate 31; at a certain
distance from the upper surface of the elastomer, along
the direction of the nanocluster beam 33, a mask 34 is
placed, which intercepts part of said beam and allows
another part thereof, 33’, to pass through, corresponding
to its opening 35. The product is the manufactured article
30 in which, in a portion 36 (identified in the figure by the
dashed lines) of layer 32, a nanocomposite material 37
is produced. Stencil masks are well known in the micro-
electronics industry and do not require further descrip-
tion. In this embodiment, the stencil mask is maintained
at a distance from the surface of the elastomer typically
between approx. 50 and 500 mm; since the nanocluster
beam is highly directional, these operating conditions
provide a deposit that reproduces the shape and dimen-
sions of the opening in the mask with an accuracy of
approx. 0.5 mm. It is important to underline that the sur-
face portion 36 in which the nanocomposite material 37
is present can be spatially localized in the elastomeric

body both laterally, with a resolution better than 10 mi-
crometers, and in the direction orthogonal to the surface
of the elastomeric body, with a resolution better than 100
nm.
[0053] In the second embodiment, the mask is pro-
duced directly on the surface of the elastomer in which
the deposit is to be produced, and is removed by disso-
lution at the end of the production operations. This em-
bodiment is also well known in the microelectronics sec-
tor, and is known as the "lift-off" technique, and does not
require detailed description. Briefly, the method consists
in depositing, on the elastomer surface, a continuous film
of a precursor, called "photoresist" or simply "resist", of
a polymeric material; the film is then hardened selective-
ly, by irradiation for example with UV radiation, only in
some zones corresponding to the opening to be obtained
or its negative, depending on the type of resist used; with
a resist of the positive type, the irradiated zone becomes
soluble in a suitable solvent, so that the use of this solvent
on the resist exposed selectively to irradiation removes
the irradiated portion, exposing the underlying elastomer,
while the non-irradiated portion still covers the latter; with
a resist of the negative type, the irradiated zone becomes
insoluble in the solvent, so that subsequent treatment
with the solvent removes the non-irradiated portion, ex-
posing the elastomer in an area corresponding to the
negative of the irradiated zone. In both cases, with a suit-
able combination of irradiation and selective washings,
it is possible to expose only the portion (or portions) of
the elastomer surface where the deposit is to be pro-
duced, protecting the other zones. At the end of the pro-
cedure, the masked part not removed by the first solvent
is also removed, generally with a second solvent, releas-
ing the elastomer surface. The use of a "resist" mask is
shown in Fig. 4: the elastomer film, 42, is produced on
the substrate 41; a mask 44 was produced on the upper
surface of the elastomer, with one of the two alternative
embodiments described above; a portion, 43’, of the na-
noclusters of beam 43, corresponding to the opening in
the mask, arrives on the surface of the elastomer and
forms, in portion 45 (identified in the figure with dashed
lines) of the film 42, the nanocomposite material 46; the
portion of the nanoclusters that arrives on the mask 44
is implanted in the material of the latter and is removed
during its dissolution.
[0054] It is of course possible for the operations de-
scribed above to be repeated several times (including,
in the case of elastomer film produced directly on the
substrate for example by spin-coating, the operations of
deposition and curing of further polymer layers), in con-
ditions or with embodiments that are identical or different
in the various successive operations, to obtain complex
"architectures" of successive layers, with identical or dif-
ferent functionality, for the purpose of producing devices
with particular electrical functionalities; it is also possible,
at the end of an operation or of a series of operations as
described above, to carry out one or more similar oper-
ations on the opposite face of the semi-finished article
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(simply by turning it over when using an elastomer sheet,
or detaching it from the substrate and exposing the face
originally in contact with the latter in the case of elastomer
film produced directly on the substrate). As a simple ex-
ample, it is possible, keeping the same masks, to produce
a nanocomposite layer constituted of three levels, a first
level that is a conductor of electricity, a second level that
is an insulator, and a third level that is again a conductor,
thus constituting a capacitor. Various levels can commu-
nicate electrically with one another for example using the
well-known method of "vias", i.e. openings made through
the full height of a layer and then filled with a metal, to
provide electrical continuity between two traces posi-
tioned at different levels of the device. Other methods
and other architectures that can be used for obtaining
functionalities required for the production of flexible elec-
tronic devices will be apparent to a person skilled in the
art of microelectronics.
[0055] Different parts of the nanocomposite with differ-
ent functionalities can be obtained either by modifying
the functional material of the individual operations, or by
modifying some operating conditions thereof. For exam-
ple, it is possible to adjust the conduction characteristics
in the nanocomposite, while still using a conductive ma-
terial (e.g. gold), by acting on the "nanocluster density"
described previously. The inventors have observed that
there is a critical value of this parameter (called "critical
density", or dc), below which a nanocomposite produced
with particles of a conductive material is nevertheless an
insulator, whereas above this value the nanocomposite
layer acquires properties of electrical conductivity; the
definitions of insulator and conductor are those normally
applied to these terms, i.e. insulator means here a trace
of nanocomposite that does not allow the passage of a
measurable current (using measurement instruments of
a standard electronic equipment) on applying a potential
difference to its two ends, whereas conductor means a
trace of nanocomposite in which, on applying a potential
difference, V, to the two ends, a current I flows that is
proportional to the potential difference, according to the
well-known Ohm’s law I = V/R, in which R is the resistance
of the conductor. The value of the critical density is spe-
cific for the polymer used, and can easily be identified by
a person skilled in the art with a few preliminary tests.
[0056] For example, in the case of a PDMS film, the
inventors identified that the value of dc can vary from
approx. 3310-4 to approx. 1310-3 clusters/nm3. Insulat-
ing traces can be produced in the elastomer film with
values of nanocluster density below the critical density,
while for the production of conductive traces it is prefer-
able to work with densities greater than 1.5 times the
critical density.
[0057] The inventors have found, moreover, that it is
possible for the behaviour of the conductive traces to be
differentiated further. By working with nanocluster den-
sities above dc and lower than approx. three times dc,
conductive traces are obtained whose resistance chang-
es considerably as a result of elongation of said traces,

which are defined hereunder as "piezoresistive stretch-
able conductors". For example, in the case of traces of
PDMS, piezoresistive stretchable conductors are ob-
tained for densities greater than approx. 1310-3 clus-
ters/nm3 but less than approx. 5310-3 clusters/nm3, and
preferably between approx. 1.5310-3 clusters/nm3 and
4310-3 clusters/nm3 (obtaining, for example with chang-
es in the value of the resistance of the trace greater than
500% for extensions of the manufactured article equal
to 40%). Conversely, by working with nanocluster den-
sities greater than approx. three times dc, traces are ob-
tained, defined hereunder as "resilient stretchable con-
ductors", whose conductivity varies little following elon-
gation. For example, in the case of traces of PDMS, for
densities greater than approx. 5310-3 clusters/nm3,
changes in the resistance value of the trace of less than
250% were observed for extensions of the manufactured
article equal to 40%. The resilient traces can be produced
when it is desirable for the trace itself to have constant
electrical characteristics, even after elongations of the
manufactured article or device in which it is present; con-
versely, the piezoresistive traces can be exploited ben-
eficially in the production of deformation sensors.
[0058] The inventors have observed that, by using
transparent elastomer films and for values of nanocluster
density less than approx. ten times dc, the nanocompos-
ite material obtained is semitransparent, i.e. permits the
transmission of visible light.
[0059] As stated previously, the depth of penetration
represents the maximum depth beneath the polymer sur-
face reached by the nanoclusters; with increase in nan-
ocluster density in the polymer matrix of the nanocom-
posite as the implantation process is prolonged, the na-
noclusters gradually encounter greater difficulty in pen-
etrating into the polymer and consequently are stopped
at gradually decreasing distances from said surface.
Growth of the nanocomposite layer then occurs more
and more towards the surface of the polymer itself, until,
if implantation is continued for a sufficient time, the nan-
oclusters begin to emerge on the surface of the nano-
composite. This situation is represented in Fig. 5, which
shows the development of the deposit of nanoparticles
as the implantation time is increased. In this figure, the
vertical lines and the upper wavy line represent the con-
tours of the elastomer film viewed in section; the horizon-
tal coordinate represents the deposition time. At the be-
ginning of the process (short times, lefthand part of the
figure) the nanoclusters are small and are isolated inside
the polymer matrix; at an intermediate time (central part
of the figure) the nanoclusters have begun to grow in size
by aggregation with one another, and begin to be in mu-
tual contact creating, in the case of conductive particles,
a percolative conduction path through the nanocompos-
ite material; at long implantation times (right-hand part
of the figure) the nanocluster layer grows towards the top
of the nanocomposite layer, until it emerges on the sur-
face of the latter. The state of emerging nanoclusters
thus obtained presents intrinsically high adhesion to the
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elastomer, and can pass the standard test of adhesion
known as the "Scotch tape adhesion test" or can with-
stand treatment with ultrasound in aqueous or organic
solvents (for example ethanol) for at least 60 minutes
without detaching from the polymer. This emerging layer
can then also constitute an excellent substrate for growth
of a more compact metal layer (of the same metal of the
nanoclusters or different), for example by electrodeposi-
tion. The method of the invention therefore provides an
alternative method to the known methods for making me-
tallic deposits compatible with an elastomer surface,
making it unnecessary to use metals that are not biocom-
patible (such as Cr) or techniques such as plasma treat-
ments, at the same time providing better adhesion of the
metal trace. According to this embodiment, the nanocom-
posite layer can also function as an "emergency conduc-
tive layer" for the main conductor constituted of the over-
lying continuous metal trace, in which the nanocomposite
ensures electrical continuity of the trace in case of break-
age in the main conductor.
[0060] The nanocomposite layers obtained according
to the invention, optionally covered with continuous metal
layers, can be left exposed in the final device, but in the
majority of applications, for example in devices for im-
planting in the human body, parts of these can be covered
with additional elastomer layers so that they are encap-
sulated and therefore isolated from contact with the out-
side; isolation from the outside has the purpose, on the
one hand, of preventing for example contact with saline
solutions (typically present in the human body) that might
alter the operation of the device, either by short-circuiting
it or by modifying the chemical nature of the nanoclusters
over time, and on the other hand of avoiding electrical
leakage in the body. Portions of the nanocomposite lay-
ers, optionally covered with continuous metal layers, can
however be maintained as emerging, by means of vias
in the encapsulating polymer layers, for the purpose of
utilizing these portions as electrodes (or microelectrodes,
if they are of micrometric dimensions) and/or contacts.
In the case of electrodes, these can be used for supplying
electrical signals to the surroundings in which the final
device is inserted (for example a tissue of an organism
or of individual cells), or for detecting electrical signals in
a similar environment. In the case of contacts, these can
be used for interconnecting the final device with other
devices, for example units for power supply or for signal
acquisition and processing. Inside said device, there can
be electrodes used both for supplying and for detecting
electrical stimuli, and contacts. It should be emphasized
that especially in the case when the device is to be im-
planted in a living organism or is to be used for investi-
gating biological systems in vitro, biocompatibility of
these electrodes and/or contacts is an essential condi-
tion. The emerging portions of nanocomposite layers (op-
tionally covered with continuous metal layers) can also
be used, in some configurations, as sites of cellular
growth.
[0061] The encapsulating elastomer layers can be pro-

duced in the same way as the elastomer films in which
the nanocomposite is obtained, i.e. for example by dep-
osition of a solution of precursors on the surface to be
covered and then polymerization and/or crosslinking in
situ, on elimination of the solvent.
[0062] The method of the invention makes it possible,
moreover, to produce both devices that are implantable
in living organisms and devices for use outside of organ-
isms, for example for analysis in vitro. In the latter case
the method proposed can be used, for example, for mak-
ing series of microelectrodes (used, for example, for elec-
trophoresis or stimulation of cells), circuit elements (for
example resistances, temperature sensors, chemical
sensors, pH sensors or capacitive sensors) and/or for
functionalizing polymeric bases for the purpose of in-
creasing their biocompatibility or supplying stimuli to the
biological system (for example by promoting cellular
growth or cellular differentiation).
[0063] The invention will be illustrated further with the
following examples.

EXAMPLE 1

[0064] This example relates to the production of a man-
ufactured article constituted of a nanocomposite layer in
the surface part of an elastomer film.
[0065] An elastomeric PDMS film is produced sepa-
rately, to be used as substrate for deposition. A dose of
approx. 5 grams of PDMS is prepared by mixing a poly-
mer base of Sylgard 184 (Dow Corning) with the appro-
priate curing agent in 10:1 ratio. The mixture, contained
in a beaker, is put in a chamber evacuated by means of
a membrane-type vacuum pump, and maintained at a
pressure of approx. 13 Pa for 30 minutes, in order to
expel any air bubbles from the mixture. The product thus
obtained is then deposited on a commercial silicon sub-
strate of dimensions 2 cm x 6 cm (obtained by cleavage
of a wafer of crystalline silicon, with a diameter of 10.2
cm (= 4 inches) thickness of approx. 300 mm, polished
on the surface where deposition of the polymer is per-
formed) by "spin-coating", a standard technique known
by a person skilled in the art. The spin-coater parameters
used in this example are a speed equal to 1000 rpm and
a spinning time equal to approx. one minute. Next, the
film is heated at a temperature of 100 °C for approx. 45
minutes (curing process). The film obtained has a thick-
ness of approx. 100 mm and the same dimensions of the
substrate.
[0066] A system is then set up for the production and
deposition of nanoclusters comprising a source with an
inseminated gas beam of nanoclusters, of the type de-
scribed previously with reference to Fig. 1. In this system,
the cavity of the source has a volume of approx. 2.5 cm3;
inside the cavity, and orthogonally to it, there is a rod of
gold of 99.99% purity with a diameter of 2 mm, which is
rotated at 4 rpm; Ar of 99.9999% purity is injected into
the cavity by the solenoid valve, at an inlet pressure equal
to 40 bar. The anode of the source is constituted of a
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perforated copper disk with a diameter of 2 cm with a 1
mm hole at the centre. The nozzle used has a 2 mm
orifice and downstream from this there is a collimator with
aerodynamic lenses, composed of four stages in se-
quence, each of which is in its turn composed of a hollow
metal cylinder with an inside diameter of 10 mm and a
height of 28 mm; the stages are interconnected with each
other by aerodynamic lenses constituted of steel disks
with a diameter equal to that of the hollow cylinders and
with a central hole 2 mm in diameter. The last stage is in
its turn connected to the expansion chamber via another
aerodynamic lens with an orifice with a diameter of 1 mm.
[0067] A pressure of 9.3 3 10-5 Pa is established in
the expansion chamber by a pumping system comprising
a "Roots" pump and a turbomolecular pump.
[0068] The procedure for production and deposition of
the nanoclusters is then started, operating in pulsed re-
gime with a frequency of 5 Hz. At each cycle the solenoid
valve is opened for 300 ms and, after a delay time of 0.43
ms from valve opening, a voltage of 850 V is applied
between the anode and the cathode of the source for a
time of 80 ms. A mixture of argon and gold nanoclusters
is generated, having a pressure of approx. 0.27 bar. Ow-
ing to the pressure difference between the cavity of the
source and the expansion chamber, the mixture is accel-
erated towards the latter and then towards the PDMS
film, thus producing a beam of gold nanoclusters with an
average velocity of approx. 1000 m/s.
[0069] The expansion chamber communicates with
the deposition chamber via a skimmer with a 3-mm hole
at the vertex. The deposition chamber is connected to a
second pumping system, similar to the previous one,
which maintains an average pressure of approx. 6.7 3
10-3 Pa inside the chamber during operation of the
source.
[0070] In the deposition chamber, orthogonally to the
beam axis and turned towards the nanocluster beam,
there is a sample holder of approx. 10 cm x 10 cm on
which, before evacuating the deposition chamber, the
polymer film (supported by the silicon substrate) previ-
ously produced is positioned. Furthermore, a stencil
mask is interposed between the surface of the polymer
and the nanocluster beam. This mask is composed of a
sheet of steel (with thickness of approx. 300 mm) in which
slits have been made by laser cutting. These slits are
made up of a central channel, with a length of 10 mm
and a width of 500 mm, with two square zones of 1 mm
x 1 mm at its ends. The mask, produced by a person
skilled in the art, is positioned at a distance of approx.
300 mm from the surface of the polymer, and is integral
with said polymer and with the sample holder. By inter-
posing the stencil mask on the polymer film, only the ar-
eas of the polymer film corresponding to the slits in the
mask will be exposed to the nanocluster beam. The sam-
ple holder is moreover connected to a remote-controlled
motorized system, which is able to move said sample
holder (and consequently the polymer film and the stencil
mask) in the two directions orthogonal to the axis of the

cluster beam and enabling to perform "rastering" over an
area of 3 x 8 cm2, in order to expose to the nanocluster
beam the complete region of the sample holder where
the polymeric film and the stencil mask are positioned.
[0071] Before and during exposure, the polymer film
is maintained at room temperature (equal to approx. 20
°C). The exposure time is 90 minutes. A deposit is ob-
tained with equivalent thickness, measured by means of
a profilometer (as known by those skilled in the art) on a
silicon sample (the "blank") placed on the sample holder
and exposed to "rastering", of 50 nm.
[0072] At the end of nanocluster implantation, the sam-
ple is taken out of the deposition chamber and is put in
an evaporator (operation of which is known by a person
skilled in the art), after putting in place a second stencil
mask that is able to mask the central channels, with a
length of 10 mm and a width of 500 mm, of the previous
stencil mask. The combination of the two masks keeps
only exposed the square portions of the slits (of 1 mm x
1 mm) at the ends of the central channel. Thus, a surface
film of gold, 50 nm thick, is deposited on the aforemen-
tioned square portions.
[0073] The manufactured article (i.e. the PDMS poly-
mer film with the overlying metallized traces) is then sep-
arated from the silicon substrate by "peeling" (a process
known by a person skilled in the art), using ethanol to
facilitate the operation.
[0074] The manufactured article thus obtained is rep-
resented in a schematic top view in Fig. 6; the manufac-
tured article 60 has, in its upper surface, a nanocomposite
channel 61 (composed of gold nanoparticles implanted
in the PDMS polymer matrix) of dimensions 10 mm
(length) x 500 mm (width) x an effective thickness corre-
sponding to 50 nm of equivalent thickness, and at the
ends of this channel, two square metallized zones ("pads"
62 and 62’) with an area of 1 mm2, composed of a na-
nocomposite layer (also of gold nanoparticles implanted
in the PDMS polymer matrix and with the same effective
thickness) covered by a surface film of gold with thickness
of 50 nm. These pads are intended for electrical contact
with the outside.

EXAMPLE 2

[0075] This example relates to the production of two
manufactured articles, following the same procedure de-
scribed in example 1, but with different metals.
[0076] The first manufactured article is produced by
repeating the procedure of example 1, using silver (Ag)
instead of gold as starting metallic material for the im-
plantation process. In this case, the film is exposed to
the silver nanocluster beam by rastering (as described
in example 1) for a sufficient time (180 minutes) to obtain
a deposited equivalent thickness of approx. 150 nm
(measured, as previously done, with a profilometer on a
"blank" silicon sample).
[0077] The second manufactured article is produced
by repeating the procedure of example 1, using titanium
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(Ti) instead of gold as starting metallic material for the
implantation process. In this case, a delay time of 0.68
ms is set and the solenoid valve is opened for 200 ms at
each cycle. The film is exposed to the titanium nanoclus-
ter beam by rastering (as described in example 1) for a
sufficient time (180 minutes) to obtain a deposited equiv-
alent thickness of approx. 200 nm (measured, as previ-
ously done, with a profilometer on a "blank" silicon sam-
ple).
[0078] The results obtained with these two manufac-
tured articles are similar to the ones obtained with the
manufactured article produced in the example 1 and con-
firm, in general, that it is possible to use the method dis-
closed in the present invention also with other materials
as starting metallic material for the implantation process.

EXAMPLE 3

[0079] This example demonstrates the possibility of
producing, with the method of the invention, manufac-
tured articles constituted of traces of micrometric dimen-
sions composed of a nanocomposite layer in the surface
part of an elastomer film.
[0080] A first manufactured article is produced repeat-
ing the procedure of example 1, using, as stencil mask,
a G2760N grating from Agar Scientific Ltd. (Essex, GB)
with a grid of hexagonal openings; the deposition condi-
tions are such that the nanocomposite deposits produced
have an effective thickness corresponding to 50 nm of
deposited equivalent thickness (measured as in example
1, with a profilometer on a "blank" silicon sample). Fig. 7
(A) is the photograph acquired by light microscopy of part
of the manufactured article (at 50X magnification): the
bright parts are those in which the gold nanocomposite
was formed, while the darker parts around the nanocom-
posite deposits represent the parts of PDMS in which
nanocluster implantation did not take place.
[0081] A second manufactured article is produced us-
ing a G2786N grating from Agar Scientific Ltd. (Essex,
GB) with a grid of square openings as stencil mask, with
the same procedure described above. Results are shown
in Fig. 7 (B), which is the photograph acquired by the
same light microscopy of part of the manufactured article
(at 50X magnification). Also in this case the bright parts
are those in which the gold nanocomposite was formed,
while the darker parts around the nanocomposite depos-
its represent the parts of PDMS in which nanocluster im-
plantation did not take place.
[0082] As is clearly shown from the pictures in this fig-
ure, with the method of the invention it is possible to pro-
duce nanocomposite deposits of micrometric dimensions
with high accuracy.

EXAMPLE 4

[0083] This example relates to the analysis through
transmission electron microscopy (TEM) technique of the
internal structure and the morphological characteristics

of a manufactured article of the invention.
[0084] An elastomeric PDMS thick film is produced
separately, to be used as substrate for deposition. A dose
of approx. 1 grams of PDMS is prepared by mixing a
polymer base of Sylgard 184 (Dow Corning) with the ap-
propriate curing agent in 10:1 ratio. The mixture, con-
tained in a cylindrical beaker with base radius of approx.
18 mm, is put in a chamber evacuated by means of a
membrane-type vacuum pump, and maintained at a
pressure of approx. 13 Pa for 30 minutes, in order to
expel any air bubbles from the mixture.
[0085] The cylindrical beaker, containing the mixture
freed by air bubbles, is then heated at a temperature of
100 °C for approx. 45 minutes (curing process). The
PDMS polymer thick film is then separated from the beak-
er by "peeling", using ethanol to facilitate the operation.
The film obtained has a thickness of approx. 1 mm. A
portion with dimensions of 5 mm (length) x 1 mm (width)
is cut out from the thus obtained film, and it is placed on
a commercial silicon substrate of dimensions 1 cm x 1
cm x approx. 300 mm.
[0086] A manufactured article is then produced by re-
peating the implantation procedure of example 1, per-
forming "rastering" over an area of 2 x 2 cm2, without
using a stencil mask and positioning the PDMS portion
supported by the silicon substrate in the sample holder
123 of Fig. 1, such that the nanocluster beam is incident
on the top surface of the thick PDMS film. The exposure
time (10 minutes) is sufficient to obtain a deposit of gold
nanoparticles in the upper portion of the PDMS film, form-
ing a nanocomposite layer, with equivalent thickness of
35 nm. The equivalent thickness is measured by a pro-
filometer on a "blank" bare silicon sample placed on the
sample holder next to the PDMS film and exposed to
"rastering". The manufactured article is then separated
from the silicon substrate by "peeling", using ethanol to
facilitate the operation.
[0087] The thus obtained sample is then prepared for
TEM analysis. TEM lamellae are prepared using a cry-
oultramicrotome at -120 6 5 °C, following standard op-
erating procedures. After the sample has been fixed to
the holder of cryoultramicrotome and reaches thermal
equilibrium with the knife and chamber, lamellae are
sliced with a glass knife at a sectioning speed of 1.0 mm/s.
A perfect loop (as known by those skilled in the art) is
used to transfer the slices from the blade to a formvar-
coated TEM grid (300 mesh). The section thickness of
the slices is approx. 300 nm.
[0088] The grid with the slices are then analyzed with
a TEM microscope. A TEM micrograph of the nanocom-
posite layer is shown in Fig. 8 (A). The micrograph in Fig.
8 (A) clearly shows than the nanocluster implantation pro-
cedure previously described has produced a nanocom-
posite layer having a thickness of about 90 nm.
[0089] A second manufactured article is then produced
following the same procedure described above, but
adopting an exposure time (35 minutes) sufficient to ob-
tain an equivalent thickness of 120 nm (measured by
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means of a profilometer). Subsequently, a TEM grid with
slices of this sample is prepared following the same meth-
od as above and then analyzed with a TEM. The TEM
micrograph of this second nanocomposite layer is shown
in Fig. 8 (B). The micrograph in Fig. 8 (B) clearly shows
than the nanocluster implantation procedure previously
described has produced a nanocomposite layer having
a thickness of about 136 nm.

EXAMPLE 5

[0090] This example relates to evaluation of the elec-
trical characteristics of a manufactured article of the in-
vention after cycles of elongation and relaxation.
[0091] A manufactured article (shown in a schematic
top view in Fig. 9) is produced by repeating the procedure
of example 1, using a stencil mask such that the nano-
composite channel produced (91, 91’, 91") has the di-
mensions 10 mm (length) x 5 mm (width),
performing "rastering" over an area of 2 x 2 cm2 centred
on the region of interest, and an effective thickness cor-
responding to 400 nm of equivalent thickness (as ex-
plained in example 1), and the two metallized pads (92
and 92’), overlaying the ends 91 and 91" of the nano-
composite channel, have dimensions of 5 mm x 5 mm
(the effective thickness of the nanocomposite in these
corresponds to an equivalent thickness of 400 nm, while
that of the overlying vapour-deposited gold film is 50 nm).
In this case the time of exposure to the nanoclusters (2
hours) is such as to permit exposure of the area covered
by rastering to an equivalent thickness of approx. 400
nm (measured, as previously done, with a profilometer
on a "blank" silicon sample). The polymer film 90 has the
dimensions 2 cm (width) x 4 cm (length) x 100 mm (thick-
ness), and the metallized trace (i.e. the channel and the
two pads) is produced in such a way that the centre of
symmetry of the trace corresponds to the centre of sym-
metry of the polymer film, and so that the axis of symmetry
of the trace is parallel to the longer edge of the film (i.e.
that of length equal to 4 cm).
[0092] For evaluating the electrical characteristics of
the manufactured article of the invention upon cycles of
elongation and relaxation, the manufactured article is
fixed in an stretcher. This stretcher is provided with elec-
trically insulated clamps (93 and 93’) which make it pos-
sible to anchor the polymer film in two regions as shown
in Fig. 9. The two clamps are adjusted so as to guarantee
secure fixing (which prevents slippage of the film during
extension) and so that zone 91 of the film is not retained
by the clamps. In this example, the area of zone 91 that
can be extended and is not constrained by the clamps
has dimensions of 8 mm (length) x 5 mm (width). One of
the two clamps is integral with a micrometer slide, con-
trolled by a stepping motor, which causes alternating mo-
tion in the direction parallel to the axis of symmetry of the
trace; this motion consists of cycles of elongation of the
trace by 40% relative to its initial value, and return to the
initial dimensions (contraction); each cycle of exten-

sion/contraction lasts approx. 30 seconds. The two pads
(92 and 92’) are connected to the electrodes of a multi-
meter that records the resistance of the nanocomposite
trace during the test, which is done continuously for
50000 cycles. In particular, at regular intervals (initially
approximately once every 10 cycles, then starting from
cycle number 500 once every 100 cycles), cycles of ex-
tension/contraction each lasting approx. 1200 seconds
are carried out; during these slower cycles it is possible
to take more precise measurements of the value of re-
sistance of the manufactured article as a function of the
percentage elongation. The test results are presented in
Fig. 10. Fig. 10 (A) shows curves of the variation of the
electrical resistance of the nanocomposite trace (91 in
Fig. 9) as a function of specimen elongation; the resist-
ance (R, measured in Ω) during the test is shown on the
ordinate, and the percentage elongation (ε %) is shown
on the abscissa; the abscissa has a lefthand part showing
elongation increasing from 0 to 40%, while the right-hand
part shows the relaxation of the film, i.e. its return from
maximum elongation (40%) to the dimension at rest (0%).
Three curves are shown (obtained during three of the
cycles with duration of 1200 seconds): the solid curve
corresponds to measurement of the electrical resistance
during the tenth cycle of elongation/relaxation, the
dashed curve corresponds to the same measurement in
cycle number 1000 and the dotted curve corresponds to
the same measurement in cycle number 50000. Fig. 10
(B) shows instead the values of maximum resistance (up-
per curve) and minimum resistance (lower curve) in each
cycle as a function of the number of cycles (N).
[0093] The results of this test show that the conductive
nanocomposite trace obtained according to the method
of the present invention remains conductive even after
elongation of 40%, although with an increase in resist-
ance at the moment of maximum elongation of the spec-
imen (curves in Fig. 10 (A)). This characteristic is already
in itself a notable improvement relative to the possibilities
offered by the systems of the prior art, in particular in the
case of rectilinear traces (not undulating or zigzag). In
addition to this first advantage, it is to be noted that the
specimen displays notable resistance to stresses and
strains, maintaining its characteristics for 50000 cycles.
What is even more surprising, however, is the variation
of the electrical resistance of the specimen in successive
cycles; instead of increasing as a result of gradual dete-
rioration of the device such as occurs with the devices
of the prior art, the electrical resistance shows a tendency
to improvement with increase of said cycles, with curves
of electrical resistance in the individual cycles that tend
to become flatter (Fig. 10 (A)); this variation is clearly
seen in the graph in Fig. 10 (B), which shows that, with
increase in the number of cycles of elongation/relaxation,
there is a slight increase in resistance at rest and a con-
siderable reduction in the value of resistance at maximum
elongation. A device comprising a conductive trace made
according to the invention thus has reliability that increas-
es over time, instead of undergoing the "ageing" that is
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typical of the devices of the prior art.

EXAMPLE 6

[0094] This example relates to evaluation of the me-
chanical and electrical performances of a manufactured
article of the invention during a maximal elongation test.
[0095] A manufactured article is produced by exactly
repeating the procedure of example 5; is obtained an
article having a geometry of nanocluster deposits shown
in a schematic top view in Fig. 9, with a nanocomposite
trace 91 suitably shaped for resistance measurements.
[0096] The manufactured article is then fixed in a
stretcher as described in example 5, for evaluation its
electrical performances upon elongation. In this case,
the manufactured article is elongated until an electrical
failure or a rupture of the polymer film occurs; either of
these events determine the "maximal strain" that the
manufactured article can support. During the elongation
cycle, which ends once the maximal strain is reached,
the electrical resistance of the manufactured article as a
function of specimen elongation is recorded.
[0097] The test results are presented in Fig. 11: the
curve in the graph represents the variation of the electri-
cal resistance of trace 91 (R, measured in Ω), on the
ordinate, and the percentage elongation (ε %), on the
abscissa. The sample has an initial resistance, R0 (at
zero strain), equal to 29 Ω; the resistance increases pro-
gressively with strain, reaching a maximum value of 1057
Ω at an elongation of 97%.
[0098] The maintenance of conductivity up to an elon-
gation of 97% is already in itself a notable achievement
compared to the possibilities offered by most of the sys-
tems of the prior art. In addition, it must be pointed out
that, at this value of elongation, the manufactured article
of this example loses its conductivity due to a rupture of
the polymer film and not to an intrinsic electrical failure
(due to a break of the nanocomposite trace).
[0099] For comparison purposes, the result obtained
with the sample of the invention is reported in the graph
in Fig. 12, along with results obtained similar specimens
produced according to prior art techniques. In the figure,
are reported the value of maximum strain before electri-
cal breakdown of a given sample (ordinate axis) as a
function of resistance at zero strain, R0, of the same sam-
ple. In this graph, the values found for the sample of the
invention are represented by point 1 (full circle). The prior
art data are those presented in Fig. 6 of the article "Metal
Ion Implantation for the fabrication of stretchable elec-
trodes on elastomers" by S. Rosset et al., cited before;
these data represent the values for a sample prepared
by sputtering (point 2) and for five samples prepared ac-
cording to the technique of said article (points 3 to 7). As
will be evident to those skilled in the art, it is important to
compare specimens with similar R0 values since, first of
all, R0 is directly related to the amount of the deposit of
the metallic material in a given specimen (higher R0 val-
ues are indicative of conductive traces of lower cross-

section and in particular lower thickness); and, because
the amount of the metallic deposit influences cracks for-
mation in the conductive layers.
[0100] As can be seen from the graph in Fig. 12, the
manufactured article produced according to the invention
has a much higher resistance to strain compared to sam-
ples of similar initial resistance (samples represented by
point 2, produced by sputtering, and points 3 and 4, pro-
duced by ion implantation); a resistance to strain com-
parable to that of the sample of the invention is only ob-
tained by a prior art sample (produced by ion implanta-
tion) having R0 = 237 Ω, that is, a sample having initial
resistance much higher (nearly an order of magnitude)
than the initial resistance of the manufactured article of
the present invention, and thus having a much lower
thickness of the conductive layer in comparison to the
article of the present invention. The trend line reported
in Fig. 12 has been obtained with the five samples ob-
tained by ion implantation, and this too makes clear that
the sample of the invention has a much better value of
maximum strain at same R0. From this comparison can
thus be concluded that the method of the invention makes
it possible to produce devices with a better combination
of properties.

EXAMPLE 7

[0101] This example relates to evaluation of the char-
acteristics of biocompatibility of a manufactured article
of the invention.
[0102] The procedure of example 1 is repeated, with
the sole difference that the PDMS polymer film is depos-
ited on a microscope coverslip with a diameter of 13 mm,
instead of on a silicon substrate. A stencil mask is used
so that it masks half of the surface of the polymer film,
and the film is exposed to the gold nanocluster beam by
rastering (as described in example 1) for a time sufficient
(60 minutes) to obtain a deposited equivalent thickness
of approx. 35 nm (measured, as previously described,
with a profilometer on a "blank" silicon sample). This dose
of nanoclusters implanted in the PDMS polymer film is
sufficient to permit emergence of a proportion of said gold
nanoclusters on the surface of the polymer. In contrast
to example 1, at the end of the implantation process,
peeling of the film is not carried out. The film thus func-
tionalized, together with the coverslip, is first sterilized
by immersion in a 70% ethanol solution and is then im-
mersed in a solution containing cells of the neuronal type
of the PC12 line grown by the standard procedures used
by a person skilled in the art. The cells in the solution are
suspended in RPMI 1640 buffer solution (Sigma-Aldrich),
to which 10% of thermally inactivated horse serum (HS)
and 5% of fetal bovine serum (FBS) have been added.
The concentration of cells in the solution is such that there
is a concentration of 2000 cells per square centimetre on
the film. The culture is incubated for 24 hours at 37 °C in
a controlled atmosphere, composed of 95% air and 5%
carbon dioxide (CO2). At the end of the procedure the
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film is withdrawn from the solution, washed with PBS to
remove the non-adherent cells, treated with calcein AM
at a concentration of 2.5 mmol/l for one hour for identifying
the neuronal cells that are still alive, and put on the spec-
imen holder of a fluorescence microscope. As is known
to those skilled in the art, the molecules of calcein AM
penetrate into the cell membrane by diffusion and here,
if the cell is alive, are degraded by the esterase enzymes
produced by said cell.
[0103] The consequence of this degradation is that the
modified molecules of calcein AM remain trapped inside
the cell membrane and become highly fluorescent (emit-
ting green light, at approx. 520 nm, if exposed to light
with wavelength of approx. 490 nm). This method thus
makes it possible to distinguish live cells from dead cells
in a cell culture, since following exposure to calcein AM,
the live cells emit a green fluorescence, in contrast to the
dead cells.
[0104] For comparison purposes, a PC12 cells culture
is grown on a standard TCPS (i.e. Tissue Culture Poly-
Styrene) multiwell culture plate, following the same pro-
cedure described above.
[0105] The sample of the invention and the TCPS-
based sample are then observed by light microscopy (at
10x magnification), taking photographs that are repro-
duced in Fig. 13; in particular, Fig. 13 (A) shows the part
of the PDMS film in which nanoclusters implantation did
not take place, Fig. 13 (B) shows the part of the PDMS
film in which the gold nanocomposite was formed, and
Fig. 13(C) shows the photograph of the cell culture ob-
tained with TCPS.
[0106] The photograph clearly shows that in the part
of the elastomer film in which the nanocomposite is
present, there is presence of fluorescent (and therefore
live) neuronal cells, far greater than in the non-function-
alized elastomer. Moreover, the elongated shape of the
fluorescent neuronal cells present on the functionalized
PDMS film demonstrates, in addition to the vitality of said
cells, also their excellent adherence to the nanocompos-
ite. Furthermore, the results obtained in the part of the
elastomer film in which the nanocomposite is present are
comparable with the ones obtained with a standard TCPS
culture plate.
[0107] On the basis of these two observations (in-
creased presence of live cells and high level of adherence
to the nanocomposite) it is thus demonstrated that the
nanocomposites according to the invention have better
bioactivity compared with an elastomer, PDMS, that is
already highly biocompatible and is used for devices that
are implantable in the human body.

EXAMPLE 8

[0108] The procedure of Example 7 is repeated, using
in this case Madin-Darby Canine Kidney (MDCK) epithe-
lial cell line instead of PC12 cell line. The results of optical
microscopy (at 10x magnification) are reproduced in Fig.
14; Fig. 14 (A) shows the part of the PDMS film in which

nanoclusters implantation did not take place, Fig. 14 (B)
shows the part of the PDMS film in which the gold nano-
composite was formed, and Fig. 14(C) shows the photo-
graph of the results obtained with TCPS.
[0109] These photographs clearly show that in the part
of the elastomer film in which the nanocomposite is
present, there is presence of fluorescent (and therefore
live) epithelial cells, far greater than in the non-function-
alized elastomer. In this case, cell adhesion on the part
of elastomer functionalized according to the invention ap-
pears quite better than that observed on TCPS.
[0110] On the basis of these observations (increased
presence of live cells and high level of adherence to the
nanocomposite) it is thus demonstrated that the nano-
composites according to the invention have better bio-
activity compared with an elastomer, PDMS, that is al-
ready highly biocompatible and is used for devices that
are implantable in the human body.

EXAMPLE 9

[0111] This example relates to the analysis through
Atomic Force Microscopy technique of the surface mor-
phological characteristics of a manufactured article of the
invention.
[0112] A manufactured article is produced by exactly
repeating the procedure of example 7, with the sole dif-
ference that the film is exposed to the gold nanocluster
beam by rastering (as described in example 1) for a time
sufficient (40 minutes) to obtain a deposited equivalent
thickness of approx. 20 nm. At the end of the implantation
process, the thus functionalized film is analyzed (in the
selected zones, where the nanocomposite trace is
present) with an Atomic Force Microscope (AFM), follow-
ing standard procedures and protocols for the analyses
of the surface morphology with AFM technique. Fig. 15
(A) shows the resulting AFM image (image size: 1 mm 3
2 mm). As can be seen by the image in Fig. 15(A), the
nanocomposite trace of the manufactured article of the
present invention has a characteristic surface morphol-
ogy. In particular, the surface roughness of the nanocom-
posite trace of the film obtained in this example has a
value of approx. 3.7 nm.
[0113] A second manufactured article is then produced
following the same procedure described above, but
adopting an exposure time of 10 minutes, leading to an
equivalent thickness of approx 5 nm. Subsequently, the
functionalized film is analysed with AFM as in the previ-
ous case. The AFM image (image size: 1 mm 3 2 mm)
is reported in Fig. 15 (B). Also in this case, it can be clearly
seen the characteristic surface morphology of the nano-
composite trace produced with the method of the present
invention. In this case, AFM measures indicate that the
surface roughness of the nanocomposite trace is approx.
2.98 nm.
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Claims

1. Method of the production of an elastomeric manu-
factured article functionalized electrically, chemical-
ly or with respect to the characteristics of interaction
with biological systems, comprising a deposit of at
least one functional material selected from a metal,
an oxide or another metal compound, which com-
prises the operation of forming said deposit by im-
plantation of neutral clusters of nanometric dimen-
sions of said functional material in a surface layer of
an elastomeric material, wherein said operation of
implantation takes place by a technique of Cluster
Beam Deposition

2. Method according to claim 1 that comprises the
phases of:

- creating a beam of neutral clusters of nano-
metric dimensions of said functional material, in
which said clusters have a mean velocity be-
tween 100 and 10,000 m/s and dimensions less
than 50 nm;
- directing said beam onto said surface of an
elastomeric material.

3. Method according to any one of the preceding
claims, wherein said neutral clusters have dimen-
sions between 1 and 10 nm.

4. Method according to any one of the preceding
claims, wherein said neutral clusters are constituted
of Au, Ag, Pd, Pt, Cu, Ti, Fe, Ni, Cr, Co, Nb, Zr, Al,
C, V, Zn, Mo, W, Pb, Sn, Hf, Ir, alloys thereof or
oxides thereof.

5. Method according to any one of the preceding
claims, wherein said elastomeric material is selected
from polysiloxanes, polyurethane elastomers, elas-
tomeric fluoropolymers, elastomers based on poly-
olefins, polybutadiene (BR), styrene-butadiene rub-
bers (SBR), ethylene-propylene rubbers (EPR), eth-
ylene-propylene-diene rubbers (EPDM), nitrile rub-
bers (NBR), acrylic rubbers (ACM) and those based
on isobutylene and isoprene (IIR).

6. Method according to claim 5, wherein said elasto-
meric material is polydimethylsiloxane (PDMS).

7. Method according to any one of the preceding
claims, wherein during said operation of implantation
the elastomeric material is maintained at a temper-
ature between -210 and 150 °C.

8. Method according to claim 7, wherein during said
operation of implantation the elastomeric material is
maintained at room temperature.

9. Method according to any one of the preceding
claims, wherein said deposit is only formed on se-
lected portions of said surface layer by using physical
masks whether or not supported on said surface, or
by using polymeric masks formed on said surface.

10. Manufactured article (20; 30) obtained according to
the method of any one of the preceding claims con-
stituted of an elastomeric body (22; 32; 42) in a sur-
face part (24; 36; 45) of which is present a nanocom-
posite material (25; 37; 46) formed by neutral clus-
ters of nanometric dimensions made by at least one
functional material selected from a metal, an oxide
or another metal compound embedded in a matrix
of an elastomeric material.

11. Manufactured article according to claim 10, wherein
the thickness of said surface part is between 5 nm
and 10 mm.

12. Manufactured article according to claim 11, wherein
said thickness is between 50 nm and 1 mm.

13. Manufactured article according to any one of claims
10 to 12 with density of nanoclusters between
1310-5 and 1310-1 nanoclusters/nm3, where nano-
clusters means nanometric neutral clusters and the
density of nanoclusters is measured as the number
of nanoclusters per unit area of implantation, divided
by the thickness of said surface part.

14. Manufactured article according to claim 13, wherein
the elastomeric material is polydimethylsiloxane, the
density of nanoclusters is less than 1310-3 nano-
clusters/nm3 and said part has characteristics of an
electrical insulator.

15. Manufactured article according to claim 13, wherein
the elastomeric material is polydimethylsiloxane, the
density of nanoclusters is between 1310-3 and
5310-3 nanoclusters/nm3 and said part has charac-
teristics of a piezoresistive electrical conductor, such
that for elongation of said part equal to 40% its elec-
trical resistance increases by a value between 250%
and 500% relative to the resistance of said part at
rest.

16. Manufactured article according to claim 13, wherein
the elastomeric material is polydimethylsiloxane, the
density of nanoclusters is greater than 5310-3 nan-
oclusters/nm3 and said part has characteristics of a
resilient electrical conductor, such that for elongation
of said part equal to 40% its electrical resistance in-
creases by a value less than 250% relative to the
resistance of said part at rest.

17. Manufactured article according to any one of claims
10 to 16, wherein the nanometric neutral clusters
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emerge on the surface of said part of the elastomeric
body.

18. Manufactured article according to claim 17, wherein
a continuous metal deposit is present on said nan-
ometric neutral clusters that emerge on the surface
of the elastomeric body.

19. Manufactured article according to any one of claims
10 to 18, wherein said part is in the form of one or
more traces located on the surface of the elastomeric
body.

20. Manufactured article according to any one of claims
10 to 19, wherein the materials used for making said
part and the elastomeric material are biocompatible.

21. Elastomeric device comprising a manufactured arti-
cle of any one of claims 10 to 20, wherein said surface
part of the manufactured article is isolated from con-
tact with the outside by a polymer matrix, optionally
apart from openings for forming electrodes in said
part, for connecting electrical conductors to said part
or for constituting sites of cellular growth.

22. Use of a manufactured article according to claim 20
for producing a biocompatible or bioinert device, or
as substrate for cellular growth of increased bioac-
tivity.

Patentansprüche

1. Verfahren zur Herstellung eines elastomeren Er-
zeugnisses, das elektrisch, chemisch oder hinsicht-
lich der Interaktionseigenschaften mit biologischen
Systemen funktionalisiert wird, aufweisend ein De-
pot mit zumindest einem funktionalen Material, aus-
gewählt aus einem Metall, einem Oxid oder einer
anderen Metallverbindung, wobei das Verfahren den
Vorgang aufweist, dass das Depot durch Implanta-
tion von neutralen, nanodimensionierten Clustern
des funktionalen Materials in eine Oberflächen-
schicht eines elastomeren Materials geformt wird,
wobei der Vorgang der Implantation mittels Cluster-
Beam-Deposition-Technik erfolgt.

2. Verfahren gemäß Anspruch 1, aufweisend die fol-
genden Schritte:

- Erzeugen eines Strahls von neutralen, nano-
dimensionierten Clustern des funktionalen Ma-
terials, in welchem die Cluster eine mittlere Ge-
schwindigkeit zwischen 100 und 10.000 m/s und
eine Größe von unter 50 nm haben;
- Ausrichten des Strahls auf die Oberfläche ei-
nes elastomeren Materials.

3. Verfahren gemäß einem der vorigen Ansprüche, wo-
bei die neutralen Cluster Größen zwischen 1 und 10
nm haben.

4. Verfahren gemäß einem der vorigen Ansprüche, wo-
bei die neutralen Cluster aus Au, Ag, Pd, Pt, Cu, Ti,
Fe, Ni, Cr, Co, Nb, Zr, Al, C, V, Zn, Mo, W, Pb, Sn,
Hf, Ir, Legierungen davon oder Oxiden davon beste-
hen.

5. Verfahren gemäß einem der vorigen Ansprüche, wo-
bei das elastomere Material ausgewählt wird aus Po-
lysiloxanen, Polyurethan-Elastomeren, elastome-
ren Fluoropolymeren, Elastomeren auf Polyolefin-
basis, Polybutadien (BR), Styrenbutadien-Kaut-
schuk (SBR), Ethylen-Propylen-Kautschuk (EPR),
Ethylen-Propylen-Dien-Kautschuk (EPDM), Nitril-
kautschuk (NBR), Acryl-Kautschuk (ACM) und sol-
che, die auf Isobutylen und Isopren basieren (IIR).

6. Verfahren gemäß Anspruch 5, wobei das elastome-
re Material Polydimethylsiloxan (PDMS) ist.

7. Verfahren gemäß einem der vorigen Ansprüche, wo-
bei das elastomere Material während des Vorgangs
der Implantation auf einer Temperatur zwischen
-210 und +150°C gehalten wird.

8. Verfahren gemäß Anspruch 7, wobei das elastome-
re Material während des Vorgangs der Implantation
auf Raumtemperatur gehalten wird.

9. Verfahren gemäß einem der vorigen Ansprüche, wo-
bei das Depot nur in ausgewählten Bereichen der
Oberflächenschicht geformt wird, mittels physikali-
scher Schablonen, die auf der Oberfläche ange-
bracht sind oder nicht, oder durch Verwendung von
polymerischen Schablonen, die auf der Oberfläche
ausgebildet sind.

10. Erzeugnis (20; 30), erhalten gemäß dem Verfahren
nach einem der vorigen Ansprüche, bestehend aus
einem elastomeren Körper (22; 32; 42), in dessen
Oberflächenbereich (24; 36; 45) ein Nanokomposit-
Material (25; 37; 46) vorhanden ist, das durch neu-
trale, nanodimensionierte Cluster geformt ist, die
aus zumindest einem funktionalen Material beste-
hen, das ausgewählt wird aus einem Metall, einem
Oxid oder einer anderen Metallverbindung, die in ei-
ne Matrix eines elastomeren Materials eingebettet
ist.

11. Erzeugnis gemäß Anspruch 10, wobei die Stärke
des Oberflächenbereichs zwischen 5 nm und 10mm
beträgt.

12. Erzeugnis gemäß Anspruch 11, wobei die Stärke
zwischen 50 nm und 1mm beträgt.
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13. Erzeugnis gemäß einem der Ansprüche 10 bis 12,
mit einer Dichte der Nanocluster zwischen 1x10-5

und 1x10-1 Nanocluster / nm3, wobei Nanocluster
nanometrische neutrale Cluster bezeichnet und die
Dichte der Nanocluster gemessen wird als die An-
zahl der Nanocluster pro Einheitenbereich der Imp-
lantation geteilt durch die Stärke des Oberflächen-
bereichs.

14. Erzeugnis gemäß Anspruch 13, wobei das elasto-
mere Material Polydimethylsiloxan ist, die Dichte der
Nanocluster geringer ist als 1x10-3 Nanocluster / nm3

und der Bereich Eigenschaften eines elektrischen
Isolators aufweist.

15. Erzeugnis gemäß Anspruch 13, wobei das elasto-
mere Material Polydimethylsiloxan ist, die Dichte der
Nanocluster zwischen 1x10-3 und 5x10-3 Nanoclus-
ter / nm3 beträgt und der Bereich Eigenschaften ei-
nes piezoresistiven elektrischen Leiters aufweist, so
dass bei einer Ausdehnung des Bereichs von 40%
sein elektrischer Widerstand gegenüber dem Wider-
stand des Bereichs in seiner Ruhelage um einen
Wert zwischen 250% und 500% ansteigt.

16. Erzeugnis gemäß Anspruch 13, wobei das elasto-
mere Material Polydimethylsiloxan ist, die Dichte der
Nanocluster größer ist als 5x10-3 Nanocluster / nm3

und der Bereich Eigenschaften eines stabilen elek-
trischen Leiters aufweist, so dass bei einer Ausdeh-
nung des Bereichs von 40% sein elektrischer Wider-
stand gegenüber dem Widerstand des Bereiches in
seiner Ruhelage um einen Wert von weniger als
250% ansteigt.

17. Erzeugnis gemäß einem der Ansprüche 10 bis 16,
wobei die nanometrischen, neutralen Cluster auf der
Oberfläche des Bereiches des elastomeren Körpers
auftreten.

18. Erzeugnis gemäß Anspruch 17, wobei ein stetiges
Metalldepot auf den nanometrischen, neutralen
Clustern, die auf der Oberfläche des elastomeren
Körpers auftreten, vorhanden ist.

19. Erzeugnis gemäß einem der Ansprüche 10 bis 18,
wobei der Bereich in Form von einer oder mehrerer
Spuren auf der Oberfläche des elastomeren Körpers
vorliegt.

20. Erzeugnis gemäß einem der Ansprüche 10 bis 19,
wobei die verwendeten Materialien zur Herstellung
des Bereichs und das elastomere Material biokom-
patibel sind.

21. Elastomere Vorrichtung, aufweisend ein Erzeugnis
gemäß einem der Ansprüche 10 bis 20, wobei der
Oberflächenbereich des Erzeugnisses von der Um-

gebung durch eine Polymermatrix isoliert ist, wahl-
weise außerhalb von: Öffnungen zum Ausbilden von
Elektroden in diesem Bereich, Verbindungen elek-
trischer Leiter zu dem Bereich oder zum Einrichten
von Orten mit zellulärem Wachstum.

22. Verwendung eines Erzeugnisses gemäß Anspruch
20 zur Herstellung einer biokompatiblen oder bioi-
nerten Vorrichtung oder als Substrat für zelluläres
Wachstum zur gesteigerten Bioaktivität.

Revendications

1. Procédé de production d’un article élastomère ma-
nufacturé fonctionnalisé électriquement, chimique-
ment ou par rapport aux caractéristiques d’interac-
tion avec des systèmes biologiques, comprenant un
dépôt d’au moins un matériau fonctionnel sélection-
né parmi un métal, un oxyde ou un autre composé
métallique, qui comprend l’opération de formation
dudit dépôt par implantation d’agrégats neutres de
dimensions nanométriques dudit matériau fonction-
nel dans une couche superficielle d’un matériau
élastomère, dans lequel ladite opération d’implanta-
tion a lieu grâce à une technique de dépôt par fais-
ceau d’agrégats.

2. Procédé selon la revendication 1 qui comprend les
phases suivantes :

- la création d’un faisceau d’agrégats neutres de
dimensions nanométriques dudit matériau fonc-
tionnel, dans lequel lesdits agrégats présentent
une vitesse moyenne située entre 100 et 10 000
m/s et des dimensions inférieures à 50 nm ;
- l’orientation dudit faisceau sur ladite surface
d’un matériau élastomère.

3. Procédé selon l’une quelconque des revendications
précédentes, dans lequel lesdits agrégats neutres
ont des dimensions situées entre 1 et 10 nm.

4. Procédé selon l’une quelconque des revendications
précédentes, dans lequel lesdits agrégats neutres
sont constitués de Au, Ag, Pd, Pt, Cu, Ti, Fe, Ni, Cr,
Co, Nb, Zr, Al, C, V, Zn, Mo, W, Pb, Sn, Hf, Ir, des
alliages de ceux-ci ou des oxydes de ceux-ci .

5. Procédé selon l’une quelconque des revendications
précédentes, dans lequel ledit matériau élastomère
est sélectionné parmi les polysiloxanes, les élasto-
mères de polyuréthane, les polymères fluorés élas-
tomères, les élastomères à base de polyoléfines, un
polybutadiène (BR), les caoutchoucs de styrène-bu-
tadiène (SBR), les caoutchoucs d’éthylène-propylè-
ne (EPR), les caoutchoucs d’éthylène-propylène-
diène (EPDM), les caoutchoucs nitrile (NBR), les
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caoutchoucs acryliques (ACM) et ceux à base d’iso-
butylène et d’isoprène (IIR).

6. Procédé selon la revendication 5, dans lequel ledit
matériau élastomère est un polydiméthylsiloxane
(PDMS).

7. Procédé selon l’une quelconque des revendications
précédentes, dans lequel pendant ladite opération
d’implantation le matériau élastomère est maintenu
à une température située entre -210 et 150 °C.

8. Procédé selon la revendication 7, dans lequel pen-
dant ladite opération d’implantation le matériau élas-
tomère est maintenu à température ambiante.

9. Procédé selon l’une quelconque des revendications
précédentes, dans lequel ledit dépôt est formé uni-
quement sur des portions sélectionnées de ladite
couche superficielle par l’utilisation de masques phy-
siques supportés ou non sur ladite surface, ou par
l’utilisation de masques polymères formés sur ladite
surface.

10. Article manufacturé (20 ; 30) obtenu selon le procé-
dé selon l’une quelconque des revendications pré-
cédentes constitué d’un corps élastomère (22 ; 32 ;
42) dans une partie de surface (24 ; 36 ; 45) duquel
est présent un nano-matériau composite (25 ; 37 ;
46) formé d’agrégats neutres de dimensions nano-
métriques composés d’au moins un matériau fonc-
tionnel sélectionné parmi un métal, un oxyde ou un
autre composé métallique incrusté dans une matrice
d’un matériau élastomère.

11. Article manufacturé selon la revendication 10, dans
lequel l’épaisseur de ladite partie de surface est si-
tuée entre 5 nm et 10 pm.

12. Article manufacturé selon la revendication 11, dans
lequel ladite épaisseur est située entre 50 nm et 1
pm.

13. Article manufacturé selon l’une quelconque des re-
vendications 10 à 12 ayant une densité de nano-
agrégats située entre 1 x 10-5 et 1 x 10-1 nano-agré-
gats/nm3, où nano-agrégats signifie agrégats neu-
tres nanométriques et la densité des nano-agrégats
est mesurée sous la forme du nombre de nano-agré-
gats par unité de surface d’implantation, divisé par
l’épaisseur de ladite partie de surface.

14. Article manufacturé selon la revendication 13, dans
lequel le matériau élastomère est un polydiméthyl-
siloxane, la densité des nano-agrégats est inférieure
à 1 x 10-3 nano-agrégats/nm3 et ladite partie présen-
te des caractéristiques d’isolant électrique.

15. Article manufacturé selon la revendication 13, dans
lequel le matériau élastomère est un polydiméthyl-
siloxane, la densité des nano-agrégats est située en-
tre 1 x 10-3 et 5 x 10-3 nano-agrégats/nm3 et ladite
partie présente des caractéristiques de conducteur
électrique piézorésistif, de sorte que pour un allon-
gement de ladite partie égal à 40 % sa résistance
électrique augmente d’une valeur située entre 250
% et 500 % par rapport à la résistance de ladite partie
au repos.

16. Article manufacturé selon la revendication 13, dans
lequel le matériau élastomère est un polydiméthyl-
siloxane, la densité des nano-agrégats est supérieu-
re à 5 x 10-3 nano-agrégats/nm3 et ladite partie pré-
sente des caractéristiques de conducteur électrique
résiliant, de sorte que pour un allongement de ladite
partie égal à 40 % sa résistance électrique augmente
d’une valeur inférieure à 250 % par rapport à la ré-
sistance de ladite partie au repos.

17. Article manufacturé selon l’une quelconque des re-
vendications 10 à 16, dans lequel les agrégats neu-
tres nanométriques émergent à la surface de ladite
partie du corps élastomère.

18. Article manufacturé selon la revendication 17, dans
lequel un dépôt métallique continu est présent sur
lesdits agrégats neutres nanométriques qui émer-
gent à la surface du corps élastomère.

19. Article manufacturé selon l’une quelconque des re-
vendications 10 à 18, dans lequel ladite partie est
sous la forme d’une ou plusieurs pistes localisées
sur la surface du corps élastomère.

20. Article manufacturé selon l’une quelconque des re-
vendications 10 à 19, dans lequel les matériaux uti-
lisés pour préparer ladite partie et le matériau élas-
tomère sont biocompatibles.

21. Dispositif élastomère comprenant un article manu-
facturé selon quelconque des revendications 10 à
20, dans lequel ladite partie de surface de l’article
manufacturé est isolée d’un contact avec l’extérieur
par une matrice polymère, facultativement à l’écart
d’ouvertures pour former des électrodes dans ladite
partie, pour connecter des conducteurs électriques
à ladite partie ou pour constituer des sites de crois-
sance cellulaire.

22. Utilisation d’un article manufacturé selon la revendi-
cation 20 pour produire un dispositif biocompatible
ou bio-inerte, ou comme substrat pour une croissan-
ce cellulaire de bioactivité accrue.
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