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(57) Abstract: The present invention concerns a method to modify the magnetic properties of a material comprising the steps of
providing a reflective or photonic structure and of placing said material in or on said structure, said method being characterized in that it
consists further in providing a structure which has an electromagnetic mode which is by design, or can be made by way of adjustment or
tuning, resonant with a transition in said material and in controlling, in particular enhancing, the magnetism of said material, by means
of strongly coupling said material to the local electromagnetic vacuum field and exploiting the formation of states of spatial extension
exceeding the size of the grains of the material.
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Method to modify the magnetic properties of a material and device making
use of said method

The present invention is related to the field of the so called
“strong coupling” and its possible practical uses and implementations.

More precisely, the invention concerns a method to modify the
magnetic properties of a material, and also devices and machines using said
method.

Over the past decade, strong coupling has proven to be a
promising way to modify and control properties of materials such as charge
and energy transport (see references 1 to 13 quoted hereinafter),
superconductivity (see references 14 to 16 quoted hereinafter), work
function(see reference 17 quoted hereinafter), non-linear optics (see
references 18 to 21 quoted hereinafter) and chemical reactivity(see reference
22 quoted hereinafter). In strong coupling, the material is typically placed in
the confined electromagnetic field of a cavity or a surface plasmon tuned to
be in resonance with a material transition. Under the right conditions, new
hybrid light-matter states appear, called polaritonic states such as P+ and P-
shown in Figure 1, modifying the ladder of energy levels of the material.
Furthermore, this occurs even in the dark due to the interaction between the
zero-point energy fluctuations of both the optical mode and the material.

Strong coupling is facilitated by collective coupling whereby a
large number N of oscillators such as molecules couple to a single optical
mode. This enhances the Rabi splitting ZQR, the energy that separates the
polaritonic states P+ and P-, as \N. In addition, N-1 so-called dark states
(DS) are formed. P+, P- and DS are all collective states, delocalized over the
optical mode volume (Figure 1A).

In the course of studying the effects of strong coupling of
phonons on superconducting microcrystalline powders, the inventors found
that in parallel to the superconductivity another property was being
surprisingly modified by strong coupling, namely the magnetic response.

Thus, in a first and main aspect, the present invention concerns
amethod to modify the magnetic properties of a material comprising the steps
of providing a reflective or photonic structure and of placing said material in
or on said structure,
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said method being characterized in that it consists further in
providing a structure which has an electromagnetic mode which is by design,
or can be made by way of adjustment or tuning, resonant with a transition in
said material and in controlling, in particular enhancing, the magnetism of
said material, by means of strongly coupling said material to the local
electromagnetic vacuum field and exploiting the formation of states of spatial
extension exceeding the size of the grains of the material.

Materials to be considered in relation to the invention are
morganic materials, especially in the form of nanoparticles exhibiting
ferromagnetism. They comprise in particular inorganic oxides. Typical
examples of such nanomaterials are the following oxides: CeO2, TiO2, Al2,
03, and MgO.

Nanoparticles of nitrides such as GaN and chalcogenides such as
CdS and CdSe also exhibit ferromagnetism and may thus also be considered
as candidate materials for the invention.

Furthermore, it can also be envisaged to modify/enhance the
ferromagnetism of magnetic semiconductor materials by means of the
ivention.

The present invention may also show one or several of the
following possible additional features, or exploit one or several of the
following embodiments:

- the Q-factor, defined as the ratio of the wavelength of the
resonance divided by the half-width of the resonance, of the resonant
electromagnetic mode is comprised between 10 and 1 000, preferably
between 10 and 100;

- the electromagnetic mode is a surface plasmon mode;

- the electromagnetic mode is a cavity mode;

- the cavity mode is defined by two opposed mirror structures,
preferably two parallel planar mitrors;

- the reflective structure comprises at least one metallic surface,
for example made of a metal film or of two opposed metal films;

-the concerned transition of the material is an electronic
transition;

- the concerned transition of the material is a vibrational or
phonon transition;

- the material is strong coupled by a cooperative coupling
process involving another material.
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In the context of a first implementation, the method may consist,
by means of coupling to local electromagnetic vacuum field and exploiting
the resulting rearrangement of the energy levels of the material, in inducing
the formation of collective hybrid light-matter states in the material in order
to increase the magnetism extending over a large number of grains of the
material, preferably over an area extending at least 100 nm 1n all directions.

In the context of an other implementation, the method may
consist, by means of coupling to local electromagnetic vacuum field and
exploiting the resulting rearrangement of the energy levels of nanoparticles,
in inducing the formation of collective hybrid light-matter states in
nanoparticles in order to increase the temperature at which the magnetism
persists, preferably above room temperature.

In relation to possible practical constructive embodiments
making use of the inventive method, said latter may be applied in a functional
device comprising said reflective or photonic structure, said device being
preferably one of a spintronic device, a magnetic device or a magneto-sensing
device.

According to a second aspect, the invention also encompasses a
spintronic, a magnetic or magneto-sensing device comprising a material
located in or on a reflective or photonic structure,

said device being characterized in that said structure has an
electromagnetic mode which is by design or can be made by way of
adjustment or tuning, resonant with a transition in said material and in
controlling, in particular enhancing, the magnetism in said material, by
means of strongly coupling said material to the local electromagnetic vacuum
field and exploiting the formation of extended macroscopic states in said
material, namely states of spatial extension exceeding the size of the grains
of said material.

The device according to the present invention may also show one
or several of the following possible additional features, or correspond to one
or several of the following embodiments:

- the concerned transition in the given material is one of an
electronic, a vibrational or a phonon transition;

- the reflective or photonic structure comprises plasmonic
structures, the electromagnetic mode being a surface plasmon mode;
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- the reflective or photonic structure consists of an optical
microcavity, preferably a Fabry-Perot cavity, the electromagnetic mode
being a cavity mode;

- the reflective structure comprises two metallic or dielectric
mirrors forming with the material a sandwich structure, the distance between
said mirrors being adjusted to resonate with a transition in said material.

According to a third aspect, the invention also concerns a
machine or apparatus able and intended to perform at least one magnetic
function, wherein said machine or apparatus comprises at least one device as
mentioned before, said device being designed to perform the method to
modify the magnetic properties of a material as described.

The invention will be better understood in relation to the
description below, which relates to a possible embodiment, given by way of
a non-limiting example showing the effects of the principle underlying the
mvention.

More precisely, the invention will be explained by way of
experimental results in relation to YBCO, with reference to the
accompanying drawings, comprising figures 1 to 6 in which respectively:

Figure 1 (A) 1s a schematic illustration of the strong coupling
(cooperative) between the phonon mode of the YBCO and the surface
plasmon mode of Au film. The hybrid states P+ and P- are separated by the
Rabi splitting energy, and the dark states (DS) are represented by the black
dashed lines.

Figure 1 (B) 1s a cartoonic/schematic illustration of the
cooperatively strongly coupled YBCO nanoparticles embedded in the
polymer matrix. The YBCO containing polystyrene is spin coated on to the
Au (10 nm) film sputtered on the S1i window. The polystyrene (PS) matrix is
shown in green and the embedded YBCO nanoparticles are shown as black
circles.

Figure 1 (C) 1s a FT-IR transmission spectra of the YBCO
particles (black curve-top curve), PS (red curve-middle curve) and PMMA
(blue curve-bottom curve).

Figure 1 (D) shows dispersion curves showing the cooperative
strong coupling of the surface plasmon mode with the PS vibration at 697
cm! which overlaps with the YBCO phonon mode. The empty red circles
represent the strong coupling for PS alone, and the solid (filled) circles shows
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the PS+YBCO mixture. The PS transmission spectrum is shown by the black
dashed curve.

Figure 1 (E) illustrates the temperature-dependent magnetization
of the YBCO powder (black circles-top curves), film of YBCO+PS on Si
(black squares-curves second from top), strongly coupled YBCO+PS on
Au/Si (red squares-curves third from top) and cooperatively off-resonant
YBCO+PMMA on Au/Si (blue squares-bottom curves) in the zero-field-
cooled (ZFC; filled squares and circles) and 100 Oe field-cooled (FC; empty
squares and circles) modes in the temperature range of 4K to 200K. The onset
of superconducting transition (Tc) was determined from the intersection
point of the polynomial fits on the ZFC and FC curves. The bare film features
a Tc of 92 K, while it is shifted to 87 K for the strongly coupled YBCO as
shown by the dashed lines in the respective panels.

Figure 2 illustrates by means of four pairs of comparative curves
the magnetic response of the YBCO at 10K and 300K for various conditions:
(A) the original powder, (B) the YBCO dispersed in PS on Si substrate, (C)
on Au coated Si substrate, and (D) the same as the latter for YBCO dispersed
in PMMA.

Figure 3 illustrates by way of three graphical charts (A-C) the
comparison of the M(H) curves of the strongly coupled YBCO (YBCO+PS
on Au/Si; red filled circles) and YBCO powder (black empty circles) at
temperatures near the superconducting transition of YBCO; (A) 50K, (B)
80K and (C) 100K.

Figure 4 (A) shows the M(H) curves of YBCO at 300K for
varying Au thickness: 20 nm (red squares), 60 nm (green circles) and 100 nm
(blue diamonds).

Figure 4 (B) 1s a cartoon/schematic representation of the domain
structure of the polymer matrix containing YBCO on Si with the magnetic
spins in each domain oriented in differently and the possible alignment of the
magnetic spins under strong coupling resulting in the enhanced
ferromagnetism.

Figure 5 illustrates the M(H) curves of Rb3C60 at 10K, 35K and
300K: (A), (B) and (C) in powder form without coupling, and (D), (E) and
(F) under strong coupling where Rb3C60 is dispersed in polystyrene (PS) on
Au/Si substrate. All the latter curves have been corrected for the diamagnetic
signal of the Si substrate.
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Figure 6 is a mixed schematical and graphical representation
showing the enhancement of ferro-magnetism of strongly coupled YBCO
nanoparticles with comparison to non coupled identical aprticles (NB: the
scale -red- on the left side of the graphical chart applies to the strongly
coupled YBCO nanoparticles- pronounced S curve- whereas the scale -black-
on the right side of the graphical chart applies to non coupled YBCO
nanoparticles-flat S curve).

As indicated before, a non limitative example showing the
effects of the principle underlying the invention by way of experiments, is
described and illustrated hereinafter, in relation to YBCO and with respect to
figures 1 to 5.

YBCO bulk material is a well-known spin singlet
superconductor which exhibits in the normal state antiferromagnetic short-
range correlations. However, for nanoparticle (NP) samples, unexpected
room temperature ferromagnetism, with a well-defined hysteresis cycle, has
been reported which is believed to be related to the presence of oxygen
vacancies created at the surface of NPs (see references 26 to 32 quoted
hereinafter). Such a behavior has given rise to a huge number of studies of
oxides, nitrides or sulfides, expected to be non-magnetic but which exhibit
room temperature ferromagnetism when they are dispersed at the nanoscale.

The net moment is usually very low, and accordingly can be
attributed to magnetic impurities, but several reliable experimental and DFT-
based theoretical studies conclude that 1t is likely intrinsic and due to oxygen
vacancies (see references 27 and 33 quoted hereinafter). For instance, a direct
magnetic imaging of the non-magnetic StTiOs fully supports this assumption
(see reference 30 quoted hereinafter). By using ultrahigh resolution
photoemission electron microscopy (PEEM), it was shown that
ferromagnetic nanodomains develop at the oxygen-deficient surface of the
sample, even for temperatures well above 300K, confirming the existence of
intrinsic ferromagnetism.

Now, the inventors have noticed that under collective strong
coupling this ferromagnetism 1s enhanced by over two orders of magnitude
to the point that it even can perturb the superconductivity and lower the Tc
of YBCO. There are several parameters that are critical to observe such an
enhancement in the ferromagnetism. They can be rationalized by the
collective states that favor spin alignment and increase the magnetic domain
size.
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Since YBCO has phonons modes that are weakly absorbing, the
best way to strongly couple this material to the surface plasmon mode of Au
films is to use the cooperative coupling technique illustrated in Figure 1B. In
this approach, the material to be coupled is placed in a polymer matrix which
has a strong vibrational band that overlaps one of the YBCO phonon bands.
The polymer vibrational band is strongly coupled and transfers the coupling
property to the material thru a cooperative process described in detail
elsewhere (see references 34 and 35 quoted hereinafter). This technique
works well for molecular solutions and fine powders as in the present study
where the average particle size is around 200 nm. This cooperative regime
generates extended states that favors long-distance interaction between
particles.

The samples were prepared using commercial YBCO powder
purchased from Can Superconductors. X-ray diffraction pattern shows that
the YBCO has, as expected, the orthorthombic structure (i.e. the 123 phase)
and that there is a very small amount of the green phase Y,BaCuOs. Note that
this extra phase does not affect the magnetic properties nor the
superconducting transition of YBaxCu3O7x at 92 K. The YBCO was further
ground in a mortar before mixing it with a polymer solution (either
polystyrene, PS, or polymethylmethacrylate, PMMA). The mixed solution
was then spin coated on sputtered Au film deposited on a high purity Si
substrate. The Au film supports the surface plasmons that couple to the
material vibrational band (Figure 1B). The FTIR data for the powder used in
this study 1s shown in Figure 1C together with those of the PS and PMMA.
The 697 cm™ phonon band of YBCO is cooperatively coupled, using the
overlap with the vibrational mode of PS (Figure 1C). The corresponding
dispersion curve of the strongly coupled sample with surface plasmon is
shown in Figure 1D. PMMA which has no bands that overlap with YBCO
phonon mode was used as a reference.

As also shown in figures 1, the Tc of YBCO only shifts to lower
temperatures when the sample is cooperatively coupled using PS, as shown
in Figure 1E. In addition to the Tc¢ shift, notice the positive magnetic moment
in this condition and the difference between the FC and ZFC curves above
Tc, due to the appearance of the enhanced ferromagnetism under cooperative
strong coupling.

It should be noted that the IR spectrum of YBCO is dependent
on the origin of the sample and how it was prepared. For instance, the YBCO
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peak at 697 cm™! which is coupled in these experiments has been attributed
to an apical oxygen stretching mode of the crystal structure (see references
36 and 37 quoted hereinafter), but it could also arise from the small amount
carbon retention during the fabrication of YBCO, which generates a barium
carbonate (BaCOs) type environment. The latter results from the
incorporation of C in the YBCO structure and is mainly associated with the
surface as shown in several studies (see references 38 and 39 quoted
hereinafter), and disappears upon high temperature annealing in an inert
atmosphere. X-ray Photoelectron Spectroscopy (XPS) confirms that the
YBCO in this study contains a small amount of BaCOs. Since the Tc of the
used bare powder is 92 K, it indicates that nevertheless the carbon content is
less than 0.04%, according to the literature (see reference 40 quoted
hereinafter),

In relation to Figure 2, M(H) curves of YBCO are illustrated both
at 10 K and 300K: (A) YBCO powder; inset in the bottom panel gives the
zoom of the M(H) at 300K showing the weakly ferromagnetic character of
the powder (B) thin film of YBCO+PS on Si (C) strongly coupled thin film
of YBCO+PS on Au/Si and (D) cooperatively off-resonant thin film of
YBCO+PMMA on Au/Si. All the curve, except the powder (A), have been
corrected for the diamagnetic signal of the Si substrate.

The M(H) curves at 10K, for samples A, B and D, exhibit the
typical butterfly-like behavior of the superconducting YBCO phase. The
minimum of magnetization, at 0.1 T, is the critical field beyond which the
field penetrates the sample. It agrees well with previous findings which range
between 100 and 200mT depending on the material (see references 41 and
42 quoted hereinafter). In turn, when using PS as polymer matrix (Figure
2C), a striking change of M(H) occurs, since a ferromagnetic behavior takes
place with a saturation value of about 0.90 uB/mol, and a coercive field of
40mT at 10K. At 300K, the pure YBCO powder (sample A) exhibits a
paramagnetic behavior with a weak ferromagnetic component detected at low
field, but which is much weaker than for the strongly coupled sample (YBCO
in PS matrix on Au/Si). Note that the uncoupled samples B and D show at
300K very similar M(H) variations to that of powder sample A.

What is most striking and unexpectedly achieved in these
experiments 1is that the magnetic moment is enhanced by a factor 300 times
under collective strong coupling at room temperature. The observed
magnetic moment of 0.90 ug/mol is very large and cannot be explained by
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assuming that it originates only from anion vacancies at the surface of YBCO
NPs since less than 1% of the YBCO unit cells are at the surface. As a result,
the contribution of inner NPs oxygen vacancies must be considered.
Furthermore, it is not realistic to explain the ferromagnetic contribution at
room temperature by the presence of NPs metallic impurities since then their
size would have to be several tens of nanometers to remain magnetic at such
temperatures. Accordingly, they would be detected by EDAX, XRD and
XPS, contrary to the findings of the inventors.

When the same YBCO is dispersed in PMMA on the Au surface,
no enhancement of the magnetism is detectable, as expected, since the
cooperative coupling is not possible for this polymer confirming the key role
of strong coupling in generating the ferromagnetic enhancement.

When considering figure 3, the plots shown illustrate the striking
and unexpected change of magnetic behavior between uncoupled (powder)
and strongly coupled YBCO samples for 3 different temperatures. While the
powder sample shows a significant change of M(H) above Tc, the strongly
coupled one is dominated by a ferromagnetic-like behavior whatever
temperature. At 80K, namely just below Tc, it can be observed that a small
ferromagnetic component already exists in the powder sample, which
competes with superconducting state, and that this component is multiplied
by at least two orders of magnitude in the strongly coupled system.

Since the strong coupling involves the surface plasmons of the
Au film, the inventors also studied the effect of the Au film thickness as
shown in Figure 4. The hysteretic behavior and, in particular, the net moment
of the magnetization increase with the Au thickness and saturates above 100
nm. This is related to the quality of the optical response of the Au film which
1s known to improve in this thickness range (see reference 43 quoted
hereinafter). It confirms the role of the strong coupling induced hybridization
between the phonons and the surface plasmons in enhancing the magnetic
response.

Similarly to dilute ferromagnetic oxides (see references 27, 44
and 45 quoted hereinafter), shallow donor electrons, related to oxygen
vacancies, form magnetic polarons that mediate magnetic ordering.
However, both the very high ordering temperature, above 300K, and the
significant magnetic moment (0.90 pug/mol) make such a model unrealistic to
explain the experimental results. Note that this also rules out the effect of
impurities made of transition metal oxide or pure metal nanoparticles. As a
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result, surface states alone can no longer be involved to explain the magnetic
behavior and a model based on the effect of a strong coupling between
plasmons, generated in the bulk YBCO compound, and spin carriers must be
considered.

Ferromagnetic domains already exist in pure nanosized YBCO
powder, due to oxygen vacancies, and it has been well-established that they
can coexist with superconductivity when the magnetic field is less than a
threshold value H* beyond which Cooper pairs are destroyed (see references
28 and 29 quoted hereinafter). These magnetic domains would be related to
a hoping mechanism of the unpaired electrons like that reported for dilute
magnetic semiconductors. Such a mechanism is well known in mixed valence
systems where the transfer of an excess electron between neighboring sites is
allowed only for parallel spin configurations of the valence electrons (see
references 46 to 48 quoted hereinafter). Then, ferromagnetism is promoted.
The magnitude of the coupling being given by the transfer integral (of the
order of 103K), very high ordering temperatures are expected, as observed
for YBCO NP powders (T curie> 300K).

Under strong coupling, the behavior of YBCO NPs exhibits
striking and unexpected variation as evidenced by the magnetic moment that
1s boosted by orders of magnitude and remains so even at room temperature.
Then, the competition with the superconducting states below Tc appears
crucial because of the antagonism between both properties. A description of
the behavior necessitates introducing the coupling between electronic states
and phonon modes of the network. At very low temperature, the growth of
magnetic domains is most likely collective and related to the breaking of
Cooper pairs for an increasing external field. The delocalization of the
unpaired electrons then promotes nanodomains to line up in the field
direction which in turn reinforces existing ferromagnetic domains. In this
process, coherent phonon modes induced by the strong coupling play a major
role. In turn, when decreasing field below H*, the spins condense into Cooper
pairs progressively so as to form the superconducting nanodomains but this
recombination is limited by the internal field of the ferromagnetic domains.

At high temperatures, only ferromagnetic domains remain. The
variation of the net moment at 300K, from 0.037 to 0.22 uB/mol for Au
thickness ranging from 20 to 100 nm, confirms the key role of plasmon
resonance in the growth of magnetic domains. Furthermore, the value of the
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magnetic moment points out that the inner spins participate in the magnetic
ordering and is not limited to the NPs surface.

Finally, the existence of ferromagnetism at room temperature
makes such systems suitable for the practical development of next
generations of spintronic nanodevices. Usually, the limitation in NPs
magnetic materials stems from the fact that they are characterized by low
temperature blocking temperature. Strong coupling of NPs materials such as
YBCO may be promising solution to get around this limitation. The
experimental results obtained by the inventors, together with the recent
theoretical prediction of enhanced ferro-electric phase transition (see
references 49 quoted hereinafter), further broadens the appeal of strong
coupling with the vacuum field to engineer material properties.

Additionnal information concerning the invention is disclosed
in: “Large enhancement of ferro-Magnetism under Collective Strong
Coupling of YBCO Nanoparticles”, Anoop Thomas et al., Nanoletters, 2021,
the content of which is incorporated herein by reference.
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CLAIMS

1. A method to modify the magnetic properties of a material
comprising the steps of providing a reflective or photonic structure and of
placing said material in or on said structure,

said method being characterized in that it consists further in
providing a structure which has an electromagnetic mode which is by design,
or can be made by way of adjustment or tuning, resonant with a transition in
said material and in controlling, in particular enhancing, the magnetism of
said material, by means of strongly coupling said material to the local
electromagnetic vacuum field and exploiting the formation of states of spatial
extension exceeding the size of the grains of the material.

2. A method according to claim 1, characterized in that the Q-
factor, defined as the ratio of the wavelength of the resonance divided by the
half-width of the resonance, of the resonant electromagnetic mode is
comprised between 10 and 1 000, preferably between 10 and 100.

3. A method according to claim 1, characterized in that the
electromagnetic mode is a surface plasmon mode.

4. A method according to claim 1, characterized in that the
electromagnetic mode is a cavity mode.

5. A method according to claim 4, characterized in that the cavity
mode 1s defined by two opposed mitror structures, preferably two parallel
planar mirrors.

6. A method according to claim 1, characterized in that the
reflective structure comprises at least one metallic surface, for example made
of a metal film or of two opposed metal films.

7. A method according to claim 1, characterized in that the
concerned transition of the material is an electronic transition.

8. A method according to claim 1, characterized in that the
concerned transition of the material is a vibrational or phonon transition.

9. A method according to claim 1, characterized in that said
material is strong coupled by a cooperative coupling process involving
another material.

10. A method according to anyone of claims 1 to 9, characterized
in that it consists, by means of coupling to local electromagnetic vacuum field
and exploiting the resulting rearrangement of the energy levels of the



10

15

20

25

30

35

WO 2022/189274 PCT/EP2022/055510

-17-
material, in inducing the formation of collective hybrid light-matter states in
the material in order to increase the magnetism extending over a large number
of grains of the material, preferably over an area extending at least 100 nm
in all directions.

11. A method according to anyone of claims 1 to 9, characterized
in that it consists, by means of coupling to local electromagnetic vacuum field
and exploiting the resulting rearrangement of the energy levels of
nanoparticles, in inducing the formation of collective hybrid light-matter
states in nanoparticles in order to increase the temperature at which the
magnetism persists, preferably above room temperature.

12. A method according to anyone of claims 1 to 11,
characterized in that it is applied in a functional device comprising said
reflective or photonic structure, said device being one of a spintronic device,
a magnetic device or a magneto-sensing device.

13. A spintronic, a magnetic or magneto-sensing device
comprising a material located in or on a reflective or photonic structure,

said device being characterized in that said structure has an
electromagnetic mode which is by design or can be made by way of
adjustment or tuning, resonant with a transition in said material and in
controlling, in particular enhancing, the magnetism in said material, by
means of strongly coupling said material to the local electromagnetic vacuum
field and exploiting the formation of extended macroscopic states in said
material, namely states of spatial extension exceeding the size of the grains
of said material.

14. A device according to claim 13, characterized in that the
concerned transition is one of an electronic, a vibrational or a phonon
transition.

15. A device according to claim 13, characterized in that the
reflective or photonic structure comprises plasmonic structures, the
electromagnetic mode being a surface plasmon mode.

16. A device according to claim 13 characterized in that the
reflective or photonic structure consists of an optical microcavity, preferably
a Fabry-Perot cavity, the electromagnetic mode being a cavity mode.

17. A device according to anyone of claims 13, 14 and 16,
characterized in that the reflective structure comprises two metallic or
dielectric mirrors forming with the material a sandwich structure, the distance
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between said mirrors being adjusted to resonate with a transition in said
material.
18. Machine or apparatus able and intended to perform at least
one magnetic function, wherein said machine or apparatus comprises at least
one device according to anyone of claims 13 to 17, said device being
designed to perform the method according to anyone of claims 1 to 12.
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