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Description

[0001] The present invention relates to an apparatus
and a method of wireless charging in a resonant mode
of bioelectronic devices implanted in laboratory animals
or human beings.

[0002] It is known that scientific experiments on labo-
ratory animals are an essential step towards the clinical
use of biomedical devices, especially bioelectronic de-
vices, and that the installation of experimental bioelec-
tronic devices in laboratory animals is constantly grow-
ing.

[0003] The patent publication US 2003/0150395 A1
discloses an apparatus and methods for testing pain sen-
sitivity inan animal. The apparatus comprises a container
having a plurality of walls made of a nonmagnetic material
and forming a closed environment. The container walls
andfloor are provided with a number of means configured
to generate pain on a laboratory animal so as to test its
reactions. The apparatus is also provided with means for
sensing the presence of the laboratory animal within the
chambers formed in the container. Wireless telemetry
means are also provided to obtain diagnostic information
concerning the laboratory animal. Wireless means may
possibly be used to transmit or otherwise deliver signals
to e.g. electrical, chemical or pharmacological devices
implanted in the laboratory animal.

[0004] Therearealsoalready known experimental pro-
tocols, e.g. in the treatment of epilepsy, based on the
implant of systems for the acquisition and monitoring of
brain bioelectric signals in human beings.

[0005] Charging of these bioelectronic devices may be
performed by using appropriate cables or in a wireless
mode by electromagnetic induction. The latter mode is
preferred because the use of cables is a source of infec-
tion for laboratory animals as well as for patients, which
cannot be eliminated but removing the implanted device,
thus resulting in the interruption of experimental activities
or therapies. The elimination of supply cables, which are
external bodies having a not negligible size, also pre-
vents laboratory animals and patients from experiencing
behavioral problems during the experimental activity or
therapy.

[0006] In order to perform wireless charging it is nec-
essary to magnetically couple a winding of a power sup-
ply device, such as an inductive coupler, with a corre-
sponding winding of a power supply circuit associated
with the implanted bioelectronic device. To this aim the
two windings must be aligned, which requires to hold the
laboratory animal or the patient still for the whole time of
the experimental activity and/or the complete charging
of a rechargeable battery of the bioelectronic implanted
device. This situation can be easily managed in the case
of ahuman being thanks to the cooperation of the patient,
but in the case of a laboratory animal it is necessary to
resort to holding means or even to anesthesia, with se-
rious ethical and organizational problems.

[0007] In the specific case of laboratory animals, con-
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finement cages have been developed that are provided
with a plurality of windings arranged below the floor on
which a laboratory animal can move. The windings can
generate a plurality of magnetic fields which are mutually
parallel and directed along a vertical axis, whereby the
laboratory animal housed in the cage may freely move
between the parallel magnetic fields and the power sup-
ply circuit of the implanted bioelectronic device is sub-
stantially always coupled with at least one of them, so
that it may be powered independently of the position of
the laboratory animal within the cage.

[0008] There are also known power supply systems
associated with cages for laboratory animals in which a
cage is fully inserted in a winding capable of generating
a magnetic field, for example parallel to its axis.

[0009] These solutions are very effective in the case
of four-legged laboratory animals, such as mice, in which
bioelectronic devices can be implanted in a position sub-
stantially parallel to the floor, e.g. in the abdomen, but
they have proved totally unsuitable for the power supply-
ing bioelectronic to devices implanted in laboratory ani-
mals such as monkeys, which have a much greater mo-
bility and continuously move with great agility in the whole
available space, e.g. by climbing on the grates forming
walls and ceiling of a cage.

[0010] A similar but more serious problem arises with
patients with implanted bioelectronic devices remotely
supplied such as the device disclosed in the patent pub-
lication WO 2012/143850 A1 in the applicant’'s name. A
patient in fact cannot be confined in a cage and must be
accommodated on a bed or chair for the time necessary
to recharge the batteries of the implanted device, which
is generally carried out by way of power supply devices
comprising windings placed directly in contact with the
patient’s body in the area where the bioelectronic device
is implanted. This condition is poorly tolerated by patients
because it requires them to remain substantially still for
a relatively long time.

[0011] Patent US 5258766 discloses an apparatus
suitable for charging a remote feedable bioelectronic cir-
cuit implanted in a patient or in a laboratory animal,
wherein the apparatus is so configured to define a closed
environment comprising at least one first winding whose
axis is arranged in afirstdirection and atleast one second
winding whose axis is arranged in a second direction
perpendicular to the first direction. The windings are con-
figured so as to radiate an electromagnetic field when
supplied with alternating current towards the inside of the
closed environment along the two mutually perpendicular
directions. The apparatus further comprises a system for
powering and driving the windings of the container, the
system comprising a switching power driver for each
winding and discrete logic circuitry configured to perform
a phase comparison. Driving signals are provided to the
windings for generating inside the container a rotating
magnetic field.

[0012] Therefore a charging apparatus would be de-
sirable suitable to charge batteries of a bioelectronic de-



3 EP 2 755 469 B1 4

vice in awireless mode without restricting the movements
of a patient or laboratory animal wherein the bioelectronic
device is installed, which is an object of the present in-
vention. Said object is achieved with an apparatus and
a method of charging as defined in the appended claims.
[0013] An idea of solution underlying the present in-
vention is to use the wireless power supply technology
in a resonant mode, which is generally employed for de-
vices that require large amounts of energy, such as e.g.
electrical machines, robots, vacuum cleaners or laptop
computers. According to the wireless power supply mode
there are used a first winding connected to a power sup-
ply as a transmitting unitand a second winding connected
to the device to be powered as a receiving unit, wherein
both windings are configured to have the same reso-
nance frequency. By exploiting this principle, the appa-
ratus according to the invention comprises a composable
container in turn comprising one or more compartments
every one of which is associated with at least one first
winding, whose axis is arranged in a first direction, and
at least one second winding, whose axis is arranged in
asecond direction perpendicular to the first direction. The
composable container also includes a system for pow-
ering and driving the windings configured to create inside
it a rotating magnetic field in a plane defined by the axes
of the windings.

[0014] Thanks to these characteristics it is possible to
maintain the power supply circuit of a bioelectronic im-
planted device magnetically coupled to the rotating mag-
netic field in the container without forcing the patient or
the laboratory animal to immobility.

[0015] The composable container may be configured
either as a cage for laboratory animals or as an environ-
ment suitable to accommodate a human being, that may
e.g. be integrated in a hospital room or in the room of a
house.

[0016] According to an embodiment of the invention,
the composable container may comprise for each com-
partment at least one third winding, whose axis is ar-
ranged in a third direction perpendicular to the first and
second directions. This configuration allows to drive the
three windings so as to obtain a rotation of the magnetic
field nolongerona plane butinthe space, i.e. with respect
to all the planes defined by the axes of the three windings.
[0017] According to a preferred embodiment of the in-
vention afirst pair ofidentical windings arranged coaxially
to each other and mutually spaced in the first direction
are associated to each compartment of the composable
container and supplied so as to generate magnetic fields
along the same direction, as well as a second pair of
identical windings arranged coaxially to each other and
mutually spaced in the second direction, that are supplied
so as to generate magnetic fields along the same direc-
tion. The windings of each pair are e.g. dimensioned and
arranged as Helmholtz windings, allowing to generate a
magnetic field between them that is substantially uniform
in the direction of their axes. In the case of cages for
laboratory animals, whose size meets the present field
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standards, the windings are dimensioned and arranged
so as to be as close as possible to this ideal condition.
[0018] This configuration is particularly useful in large
environments and is therefore preferred for the applica-
tion of the invention to cages for laboratory animals char-
acterized by high mobility, e.g. primates, and to environ-
ments suitable to accommodate human beings, such as
hospital or house rooms. A single winding for each direc-
tion may in fact lead to a weak magnetic field at the op-
posite end of the container in that direction, which is un-
suitable for a bioelectronic device implanted in a human
being or in a laboratory animal confined in the container.
The use of pairs of windings, preferably arranged at op-
posite faces of the composable container, allows instead
to maintain substantially the same value of the magnetic
field from side to side and/or from the floor to the ceiling
of the container, thus allowing powering of the bioelec-
tronic device anywhere inside the container even when
the patient or the laboratory animal are moving.

[0019] The composable container according to the in-
vention may advantageously comprise for each compart-
ment a third pair of windings which, similarly to those of
the first and of the second pair, are identical to each other
and arranged coaxially, mutually spaced in the third di-
rection of the container, perpendicular to the first and
second direction, and supplied so as to generate mag-
netic fields in the same direction. This configuration al-
lows to drive the three pairs of windings so as to obtain
a rotation of the magnetic field in the space, i.e. relative
to all the planes defined by the axes of the three windings.
[0020] The windings of each pair are preferably ar-
ranged outside the composable container at its opposite
faces, or integrated inside the panels that form its struc-
ture. This advantageously allows to maximize the internal
space available and to avoid accidental contact of a pa-
tient or a laboratory animal with the windings, wherein
current circulates.

[0021] According to a further aspect of the invention,
at least one sensor suitable to detect the presence of a
patient or a laboratory animal may be advantageously
mounted in each compartment of the container, thus
making it possible to activate only the windings associ-
ated with the compartment that is occupied and hence
to optimize their operation and energy consumption by
avoiding to supply windings of empty compartments.
[0022] The claims as filed are a part of this description,
and are incorporated herein by express reference.
[0023] Further advantages and features of the present
invention will become clear to those skilled in the art from
the following detailed and non-limiting description of em-
bodiments thereof with reference to the attached draw-
ings in which:

- Figure 1ais a perspective view showing a compos-
able container according to a first embodiment of the
present invention installed in a room suitable to ac-
commodate a human being;

- Figure 1b is a perspective view showing a compos-
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able container configured as a cage for laboratory
animals according to an alternative embodiment of
the present invention;

- Figure 2 shows a block diagram of a system for pow-
ering and driving the windings associated with the
composable container of Figure 1b.

[0024] The charging apparatus according to the
present disclosure includes a composable container, in-
dicated with reference numeral 10, that is provided with
at least two windings 20, 30 arranged with mutually per-
pendicular axes, and with a system for powering and driv-
ing the windings that will be described in detail below.
[0025] As schematically shown in Figure 1a, the com-
posable container can be configured as a living environ-
ment and be installed in a room R, such as a hospital or
a house room, for charging a wireless rechargeable bio-
electronic circuit implanted in a human being M, or be
configured as a cage for laboratory animals, schemati-
cally shown in Figure 1b, for charging a wireless re-
chargeable bioelectronic circuit implanted in a laboratory
animal.

[0026] In both cases the composable container com-
prises a plurality of composable walls forming a closed
environment. The only differences between the room of
Figure 1a and the cage of Figure 1b concern their size
and possibly their shape. Furthermore, in case of instal-
lation in a room, in particular in a house, the composable
container 10 may be suitably provided with aesthetic el-
ements, for example panels, configured to allow a com-
plete integration thereof in the room so as notto be visible
to a patient.

[0027] In order to understand operation of the appara-
tus of the invention it is substantially irrelevant whether
the composable container 10 is integrated in a room R
rather than used as a cage for laboratory animals. For
this reason, the invention will be illustrated with exclusive
reference to the case of a cage for recharging bioelec-
tronic circuits implanted in laboratory animals, being it
clear that what will be said for the cage is also valid,
mutatis mutandis, also when the composable container
is installed in a room for patients.

[0028] Referring to Figure 1b, the composable contain-
er or cage 10 according to the invention comprises a
plurality of modular panels made of a nonmagnetic ma-
terial. The cage 10 is provided with at least one door 11
and defines at least one inner compartment 12 suitable
to accommodate a laboratory animal. Due to reasons of
hygiene and costs, the nonmagnetic material is prefera-
bly a plastic material, for example PA6.

[0029] Intheillustrated embodiment, the cage 10 com-
prises in particular two intercommunicating compart-
ments 12, 13 which are arranged on top of each other in
a first direction Z that goes from the base to the ceiling
of the cage 10.

[0030] The cage 10 according to the invention is con-
figured so as to allow wireless power supply in a resonant
mode of a generic bioelectronic device implanted in a
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laboratory animal housed therein, possibly provided with
a rechargeable battery, such as an implantable device
for the acquisition and monitoring of bioelectric signals
from the brain, as well as for intracranial stimulation.
[0031] Tothisendthe cage 10 comprisesin each com-
partment at least one first winding 20 whose axis is e.g.
arranged in the first direction Z and at least one second
winding 30, whose the axis is arranged in a second di-
rection Y of the cage, perpendicular to the first direction
Z, for example a transverse direction Y.

[0032] The windings 20, 30 are arranged so as to be
not accessible to the laboratory animal confined in the
cage 10 and for this purpose they may be mounted at
the outside thereof or in respective cavities formed in the
walls. The electrical terminals of the windings 20, 30 are
similarly arranged so as to be accessible from outside
the container 10 when it is assembled, so that they can
be easily connected while avoiding that the laboratory
animal may interfere.

[0033] The cage 10 also comprises a system for pow-
ering and driving the windings 20, 30 configured to gen-
erate magnetic fields in the first and in the second direc-
tions Z, Y, and provide control signals suitable to create
inside the cage 10 a rotating magnetic field on a plane
defined by the axes of the windings.

[0034] According to a preferred embodiment of the in-
vention, the composable container 10 comprises a first
pair ofidentical windings arranged coaxially to each other
and mutually spaced in the first direction Z. The container
also comprises a second pair of identical windings ar-
ranged coaxially to each other and mutually spaced in
the second direction Y. The windings of each pair are
supplied so as to generate magnetic fields along the
same direction.

[0035] In the embodiment of the charging apparatus
shown in Figures 1b and 2, the cage 10 comprises for
each compartment 12, 13 a pair of first identical windings
arranged coaxially to each other in the first direction Z of
the cage 10 and mutually spaced in such direction. The
cage 10 also comprises for each compartment a pair of
second identical windings arranged coaxially to each oth-
er in the second direction Y of the cage 10 and mutually
spaced in this direction.

[0036] The windings of each pair are configured and
arranged so as to constitute the Helmholtz coils, capable
of generating a substantially uniform magnetic field in the
direction of their axes, which is directly proportional to
the number of turns and to the current that circulates
therethrough.

[0037] The windings associated with each compart-
ment 12, 13 of the cage 10 are respectively indicated by
reference numerals 20, 21, 22 in the first direction Z and
by reference numerals 30, 31 and 32, 33 in the second
direction Y. In the perspective view of Figure 1b only the
windings 20, 31 and 33 are visible.

[0038] Itwill be understood that the arrangement of the
two compartments 12, 13 one above the other in the first
direction Z allows to use only three instead of four wind-
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ings to generate the magnetic field in this direction, be-
cause the intermediate winding 21 can form a pair either
with winding 20 or with winding 22.

[0039] The windings 20, 21, 22 and 30, 31, 32, 33 are
associated with resonant circuits that are configured so
as to have a resonance frequency equal to that of the
winding of the resonant circuit powering the bioelectronic
device implanted in the laboratory animal, thus enabling
its operation as well as charging of its rechargeable bat-
tery, if any.

[0040] The powering and driving system, generally
designated by reference numeral 40, comprises at least
one AC/DC power supply connected in parallel to the
windings and having adjustable voltage outputs.

[0041] In the embodiment shown in Figure 2, the pow-
ering and driving system 40 comprises in particular a first
power supply 41 coupled to the first windings 20, 21, 22
that have axes oriented in the first direction Z and a sec-
ond power supply 42 coupled to the second windings 30,
31, 32, 33 that have axes oriented in the second direction
Y.

[0042] The powering and driving system 40 also com-
prises a microprocessor 50 provided with a suitable man-
agement software and feedback control of the windings.
[0043] The powering and driving system 40 comprises
a "switching power driver" for each winding, which is sup-
plied by the respective AC/DC. In the embodiment shown
in Figure 2, the switching power drivers are respectively
indicated by reference numerals 61 to 67 and are con-
figured to generate driving signals at a predetermined
frequency.

[0044] The driving signals are preferably voltage sig-
nals, such as e.g. square wave signals, and have values
of frequency corresponding to the resonance frequency
of the resonant circuit. These driving signals preferably
have voltage values lower than or equal to 60 V.

[0045] Asitis well known to a person skilled in the art,
in order to determine the resonant frequency of a reso-
nant circuit, parasitic capacitance in parallel of the wind-
ings must be taken into account, the windings being char-
acterized by their so-called "self-resonance frequen-
cies", namely frequencies determined by the inductance
of each winding and the respective parasitic capacitance
in parallel, above which the windings behave as a capac-
ity and not as an inductance. In order to be reasonably
sure that the windings behave as inductances at the de-
sired frequency and that the parasitic capacitances sub-
stantially have no effect, the windings are preferably di-
mensioned so as to have self-resonance frequencies at
least ten times higher than the resonance frequency de-
sired for the resonant circuit. At the ends of each winding
two capacitors arranged in series are connected, forming
with the winding a balanced resonant serial circuit suit-
able to maximize the merit factor at the driving frequency.
In the illustrated embodiment, the capacitors are respec-
tively indicated by reference numerals 611, 612, 621,
622, 631, 632, 641, 642, 651, 652, 661, 662, 671, 672,
so that the cage 10 comprises seven resonant circuits
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operating in parallel.

[0046] For each resonant circuit, the values of the ca-
pacitance of the capacitors and the inductance of the
respective winding are dimensioned so as to obtain a
resonance frequency equal to that of the driving signal
generated by the power driver connected thereto.
[0047] A phase locked loop circuit or PLL is connected
to each power driver. PLL circuits are all connected to a
programmable logic circuit 80 configured to compare sig-
nal phases, the programmable logic circuit being con-
nected to the microprocessor 50. In the illustrated em-
bodiment, PLL circuits are indicated with reference nu-
merals 71 to 77.

[0048] During operation of the powering and driving
system 40, each power driver 61,..., 67 generates a driv-
ing signal that causes a current to circulate through the
resonant circuit connected thereto. Power supply is man-
aged to generate magnetic fields having the same direc-
tion in the windings of each pair of windings.

[0049] The control signals of the power drivers 61,...,
67 are synchronized with each other on the basis of a
reference signal that is preferably a pilot signal generated
by one of the power drivers connected to the resonant
circuits of the cage 10, for example the resonant circuit
of winding 21. Starting from the phase of this pilot signal
all the other resonant circuits present on the cage 10 are
synchronized in the same direction through the relative
PLL circuit 71,..., 77.

[0050] PLL circuits 71,..., 77 particularly allow to detect
phase shift values between the currents actually circu-
lating in the windings and their frequency, and to adjust
the control signals of the power driver through the pro-
grammable logic circuit 80 for the phase comparison con-
nected to the microprocessor 50, in order to compensate
for differences between the actual values of mutual cur-
rent phase shifts compared to the corresponding nominal
values. The frequency of the currents is tuned to a desired
frequency, in particular to a frequency allowing to transfer
the maximum possible power to the windings, which can
be determined for example with an algorithm of the type
"maximum power point tracking", well known to one
skilled in the art.

[0051] Thedifferences between actual values of phase
shifts are in fact subject to fluctuations mainly due to the
movement of the laboratory animal or the patient inside
the container 10, as well as to the presence of other peo-
ple in the container 10 together with the patient, and also
to variations of the operation temperature of the appara-
tus 1, manufacturing tolerances of the electronic compo-
nents, external e.g. electromagnetic disturbances and
the like, that may alter the resonance frequency. Tuning
of the resonance frequency is therefore important to
achieve the maximum possible power transfer and to op-
timize operation of the apparatus.

[0052] The reference signalis distributed from the pro-
grammable logic circuit 80, which is adapted to perform
a phase comparison between the control signals through
a data bus.
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[0053] Once synchronization of the windings of the res-
onant circuits in the first direction Z has been carried out,
the circuit 80 in programmable logic generates a second
synchronization signal that is delayed phase-shifted, for
example by 90°, with respect to the synchronism refer-
ence signal. The windings having axes arranged in the
perpendicular direction, for example in the second direc-
tion Y are driven by this phase-shifted driving signal.
[0054] Therefore, the windings arranged with the axes
in the second direction Y are synchronized with each
other, but driven by a phase-shifted signal with respect
to the windings arranged in the first direction Z.

[0055] Itwill be understood that, by virtue of this driving
mode based on phase-shifted signals and by virtue of
the spatial arrangement of the windings on mutually per-
pendicular planes, the magnetic field present inside the
cage is a vector rotating in the YZ plane. This allows the
winding of the resonant circuit of the bioelectronic device
implanted in the laboratory animal to be coupled with the
magnetic field present in the cage regardless of its posi-
tion relative to the YZ plane, thus allowing operation of
the bioelectronic device and/or recharging of its battery
regardless of the position of the laboratory animal inside
the cage 10. In other words, the laboratory animal housed
in the cage 10 is free to move during operation of the
bioelectronic device and/or charging of its battery in any
zone of the cage 10 and also from one floor to another
thereof, favoring execution of scientific and experimental
activities.

[0056] The magnetic coupling is maximum when the
winding of the resonant circuit of the bioelectronic device
implanted in the laboratory animal is located in a plane
perpendicular to the YZ plane, thus allowing to maximize
energy transfer. Otherwise there will be a poorer coupling
with a lower energy transfer, or no magnetic coupling nor
energy transfer at all when the resonant circuit powering
the bioelectronic implanted device is parallel to the YZ
plane.

[0057] It will be understood that this driving mode is
not limited to the preferred embodiment of the invention,
which comprises a pair of parallel coaxial windings in the
first and second directions Y, Z, respectively for each
compartment of the cage 10, but is also equally applica-
ble when the composable container comprises only a
first and a second winding with mutually perpendicular
axes, the only difference being that the presence of a
single winding in any direction does not result in the gen-
eration of magneticfields having the same direction along
the first and the second directions.

[0058] Accordingto a further embodiment of the inven-
tion, in order to obtain a rotation of the magnetic field
vector in the space rather than on a plane it is possible
to associate to each compartment of the compartment
10 at least one third winding arranged in a third direction
of the cage 10, for example a longitudinal direction X
perpendicular to the transverse and vertical directions Y
and Z, for example a third pair of windings (not shown)
identical to each other and arranged coaxially and mu-
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tually spaced in the third direction X of the cage 10.
[0059] Due to the configuration with three windings, or
pairs of windings, arranged on planes perpendicular to
each other, the magnetic field vector has a spatial orien-
tation. By suitably shifting the driving signals of the three
windings, or pairs of windings, for example by 90°, a ro-
tation of the magnetic field vector in the space is obtained
allowing power supply of the bioelectronic implanted de-
vice regardless of the position of the laboratory animal
notonly with respecttothe YZ plane, butalso with respect
to XY and XZ planes.

[0060] Each resonant circuit of the powering and driv-
ing system 40 further comprises a pair of current sensors
with transformer arranged along the cables that connect
the power driver to the capacitors arranged at the ends
of the winding and adapted to measure the current sup-
plied to the capacitors and the windings. In the embodi-
ment shown in Figure 2, the current sensors with trans-
former are respectively indicated by reference numerals
613, 614, 623, 624, 633, 634, 643, 644, 653, 654, 663,
664, 673, 674. The current values measured by the cur-
rent sensors are sent to a block 90 of the powering and
driving system 40, which is connected to the microproc-
essor 50. The block 90 performs a difference between
the current values to check for any current leakage to
ground. Inthe case of leakages e.g. due to poorinsulation
or accidental contact with an operator, the microproces-
sor 50 interrupts operation of the power driver associated
with the leakage.

[0061] From a manufacturing point of view, the capac-
itors associated to each winding are preferably accom-
modated in a container housed in a frame that houses
the winding. In the same container in addition to the ca-
pacitors there are also an opening sensor, for example
a micro switch, and an identification system of the wind-
ing, for example a resistor, which report their status and
value to a microprocessor of the powering and driving
system 40 through a data bus. The opening sensor in-
terrupts operation of the power driver of the respective
winding if the container of the capacitors is accidentally
opened. The identification system of the winding is used
to determine whether during wiring the association be-
tween the power driver and the respective winding is per-
formed correctly.

[0062] According to a further aspect of the invention,
the powering and driving system 40 further comprises at
least one sensor suitable to detect the presence of a hu-
man being or a laboratory animal inside the container 10.
With reference to the embodiment shown in Figure 1b,
for example, the container comprises one detection sen-
sor for each compartment 12, 13, for example an infrared
type sensor. Correspondingly, in the block diagram of
Figure 2 two sensors of infrared type 120, 130 are sche-
matically shown, which are respectively inserted into
each compartment 12, 13.

[0063] Ina configuration of the cage 10, and more gen-
erally of the composable container, having intercommu-
nicating compartments, the provision of at least one de-
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tection sensor for each compartment allows to generate
the magnetic field only in the compartment where the
laboratory animal is actually present, which offers the
possibility to optimize the operation of the cage 10 from
the point of view of energy consumption.

[0064] The embodiments of the invention herein de-
scribed and illustrated are only examples susceptible of
numerous variants. For example, it is possible to remote-
ly control operation of the container 10 through suitable
appropriate Ethernet ports provided in the microproces-
sor 50 block. Moreover, the powering and driving system
40 may be housed in a special container connected to
the windings and mountable on a wall of a room intended
for housing the container 10 or directly on the container,
thereby facilitating its displacement and installation.

Claims

1. An apparatus for charging a remote feedable circuit
bioelectronic implanted in a patient or in a laboratory
animal, said apparatus comprising:

a) a composable container (10) configured to
define a closed environment suitable to receive
a patient or a laboratory animal, said container
(10) comprising at least one first winding (20,
21, 22) whose axis is arranged in afirst direction
(2) and at least one second winding (30, 31, 32,
33) whose axis is arranged in a second direction
(Y) perpendicular to said first direction (Z), said
windings being configured so as to radiate an
electromagnetic field, when supplied with alter-
nating current, towards the inside of said closed
environment along said first direction (Z) and
said second direction (Y);

b) a system (40) for powering and driving the
windings of the composable container, said sys-
tem (40) comprising a switching power driver
(61,62, 63, 64, 65, 66, 67) for each winding (20,
21,22, 30, 31,32, 33) and a programmable logic
circuit (80), said programmabile logic circuit (80)
being configured to perform a phase compari-
son, the programmable logic circuit (80) being
in turn connected to a microprocessor (50) of
the powering and driving system (40), said mi-
croprocessor being configured to provide driving
signals to the windings (20, 21, 22, 30, 31, 32,
33) for generating inside the container (10) a
rotating magnetic field,

characterized in that the container (10) com-
prises a plurality of composable walls made of
a nonmagnetic material, said walls forming said
closed environment, said windings being in-
stalled in or on the walls and configured so as
to be not accessible to the patient and/or labo-
ratory animal confined in the container (10) and
to have electrical terminals accessible only from
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the outside of the container (10) when it is
mounted,

and in thatthe powering and driving system (40)
further comprises a plurality of phase locked
loop circuits (71, 72, 73, 74, 75, 76, 77) respec-
tively connected to each switching power driver
(61, 62, 63, 64, 65, 66, 67) and to the program-
mable logic circuit (80) of the powering and driv-
ing system (40).

A charging apparatus according to claim 1, wherein
at least one capacitor (611,612, 621, 622,631, 632,
641,642,651,652,661,662,671,672) is connected
at the terminals of each winding (20, 21, 22, 30, 31,
32, 33) forming therewith a resonant circuit connect-
ed to a respective switching power driver (61, 62,
63, 64, 65, 66, 67), and wherein the values of the
capacitance of the capacitors (611, 612, 621, 622,
631, 632, 641, 642, 651, 652, 661, 662, 671, 672)
and of the inductance of the windings (20, 21, 22,
30, 31, 32, 33) of each resonant circuit are dimen-
sioned so that the resonant circuit resonates at a
frequency corresponding to the frequency of a driv-
ing signal generated by the respective switching
power driver (61, 62, 63, 64, 65, 66, 67).

A charging apparatus according to claim 1 or 2, com-
prising a pair of first identical windings (20, 21, 22)
arranged coaxially to each other and mutually
spaced in said first direction (Z) of the container (10),
as well as a pair of second identical windings (30,
31, 32, 33) arranged coaxially to each other and mu-
tually spaced in the second direction (Y) of the con-
tainer (10), perpendicular to the first direction (Z),
wherein the windings of each pair are configured and
arranged so as to form Helmholtz coils and said pow-
ering and driving system (40) of the windings is con-
figured to power the windings of each pair so as to
generate magnetic fields having the same direction
and to provide control signals suitable to generate
inside the container (10) a rotating magnetic field in
a plane identified by the first and second directions
(Z,Y).

A charging apparatus according to any one of claims
1 to 3, further comprising at least one third winding
whose axis is arranged in a third direction (X) of the
container (10), perpendicular to the first and second
directions (Z, Y).

A charging apparatus according to claim 4, compris-
ing a pair of identical third windings arranged coax-
ially to each other and mutually spaced in said third
direction (X), and wherein the windings of each pair
are configured and arranged so as to form Helmholtz
coils and said powering and driving system (40) of
the windings is configured to power the windings of
each pair so as to generate magnetic fields having
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the same direction and to provide control signals suit-
able to generate inside the compartment (10) a ro-
tating magnetic field in the space.

A charging apparatus according to any one of claims
2 to 5, wherein each resonant circuit of the powering
and driving system (40) further comprises a pair of
current sensors with transformer (613, 614, 623,
624, 633, 634, 643, 644, 653, 654, 663, 664, 673,
674) arranged along the cables that connect the re-
spective switching power driver (61, 62, 63, 64, 65,
66, 67) to the capacitors (611, 612, 621, 622, 631,
632, 641, 642, 651, 652, 661, 662, 671, 672) ar-
ranged at the ends of the winding and adapted to
measure the current supplying the capacitors and
the windings, the powering and driving system (40)
also comprising a block (90) connected to the micro-
processor (50) and configured to perform differences
between current values in order to check for any cur-
rent leakage to ground.

A charging apparatus according to any one of claims
1to 6, wherein the powering and driving system (40)
further comprises at least one sensor (120, 130) suit-
able to detect the presence of a human being or a
laboratory animal in each compartment (12, 13) of
the container (10).

A charging apparatus according to any of claims 1
to 7, wherein said composable container (10) is con-
figured as a living environment.

A charging apparatus according to any of claims 1
to 7, wherein said composable container (10) is con-
figured as a cage for laboratory animals.

A method for the wireless charging in resonant mode
of a bioelectronic device implanted in a laboratory
animal or in a patient, said method comprising the
following steps:

i) providing and installing a charging apparatus
comprising a composable container (10) config-
ured to define a closed environment suitable to
receive a patient or a laboratory animal, said
composable container (10) comprising at least
one first winding whose axis is arranged in a first
direction and at least one second winding whose
axis is arranged in a second direction perpen-
dicular to said first direction;

i) confining a laboratory animal or a patient in
the composable container (10) of said appara-
tus;

ii) generating control signals in order to supply
the windings (20, 21, 22, 30, 31, 32, 33) of the
container (10) with respective alternating cur-
rents having nominal reference amplitudes and
phase shifts suitable to generate a rotating mag-
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netic field inside the container (10);

characterized in that,

said apparatus is a charging apparatus according to
any one of claims 1t0 9,

and in that the method further comprises the follow-
ing steps:

iv) generating detection signals of the currents
actually circulating in said windings (20, 21, 22,
30, 31, 32, 33);

v) evaluating through said detection signals ac-
tual values of mutual phase shift and frequency
of the currents actually circulating in the wind-
ings;

vi) adjusting the driving signals in order to com-
pensate for differences between the actual the
phase shifts and the corresponding nominal val-
ues;

vii) tuning the frequency of said currents to a
desired frequency so as to maximize power
transfer to the windings.

Patentanspriiche

Eine Vorrichtung fiir das Laden eines fernladbaren,
in einem Patienten oder in einem Versuchstier imp-
lantierten, bioelektronischen Schaltkreises, wobei
die besagte Vorrichtung umfasst:

a) einen zusammensetzbaren Behalter (10),
ausgebildet, um eine geschlossene Umgebung
abzugrenzen, welche geeignetist, um einen Pa-
tienten oder ein Versuchstier aufzunenmen, wo-
bei der besagte Behalter (10) wenigstens eine
erste Wicklung (20, 21, 22) aufweist, deren Ach-
se in einer ersten Richtung (Z) ausgerichtet ist,
und wenigstens eine zweite Wicklung (30, 31,
32, 33), deren Achse in einer zweiten, zu der
ersten Richtung (Z) lotrechten Richtung (Y) aus-
gerichtet ist, wobei die besagten Wicklungen
derart ausgebildet sind, um bei Speisung mit ei-
nem Wechselstrom ein elektromagnetisches
Feld in Richtung auf den Innenraum der besag-
ten, geschlossenen Umgebung entlang der be-
sagten ersten Richtung (Z) und der besagten
zweiten Richtung (Y) abzustrahlen;

b) ein System (40) zur Speisung und zum Be-
trieb der Wicklungen des zusammensetzbaren
Behalters, wobei das besagte System (40) ein
Schaltnetzteil (61, 62, 63, 64, 65, 66, 67) fir jede
Wicklung (20, 21, 22, 30, 31, 32, 33) umfasst
und einen programmierbaren Logikschaltkreis
(80), wobei der besagte, programmierbare Lo-
gikschaltkreis (80) derart konfiguriert ist, dass
er einen Phasenvergleich durchfiihrt, wahrend
der programmierbare, Logikschaltkreis (80) sei-
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nerseits an einen Mikroprozessor (50) des Spei-
sungs- und Betriebssystems (40) angeschlos-
sen ist, wobei der besagte Mikroprozessor kon-
figuriert ist, Betriebssignale fiir die Wicklungen
(20, 21, 22, 30, 31, 32, 33) zur Verfigung zu
stellen, um innerhalb des Behalters (10) ein ro-
tierendes magnetisches Feld zu erzeugen,
dadurch gekennzeichnet, dass der Behalter
(10) eine Mehrzahl von zusammensetzbaren
Wanden aus einem nichtmagnetischen Material
aufweist, welche die geschlossene Umgebung
bilden, wobei die besagten Wicklungen in oder
an den Wanden installiert sowie derart konfigu-
riert sind, dass sie flr den Patienten und/oder
ein in dem Behalter (10) eingesperrtes Ver-
suchstier nicht zuganglich sind und elektrische
Anschliisse aufweisen, welche nur von dem Au-
Renraum des Behalters (10) aus zuganglich
sind, wenn dieser zusammengebaut ist,

und dadurch, dass das Speisungs- und Be-
triebssystem (40) ferner eine Mehrzahl von Pha-
senregelschleifen-Schaltkreisen (71,72,73, 74,
75,76, 77) umfasst, welche an jeweils eines der
Schaltnetzteile (61, 62, 63, 64, 65, 66. 67) und
an den programmierbaren Logikschaltkreis (80)
des Speisungs- und Betriebssystems (40) an-
geschlossen sind.

Eine Ladevorrichtung nach Anspruch 1, wobei we-
nigstens ein Kondensator (611, 612, 621, 622, 631,
632, 641, 642,651,652, 661, 662,671, 672) an den
Anschlissen jeder Wicklung (20, 21, 22, 30, 31, 32,
33) angeschlossen ist und mit jener einen Reso-
nanzschaltkreis bildet, der an je ein Schaltnetzteil
(61, 62, 63, 64, 65, 66, 67) angeschlossen ist, und
wobei die Werte der Kapazitat der Kondensatoren
(611, 612, 621, 622, 631, 632, 641, 642, 651, 652,
661, 662, 671, 672) und der Induktivitat der Wick-
lungen (20, 21, 22, 30, 31, 32, 33) jedes Resonanz-
schaltkreises derart dimensioniert sind, dass der Re-
sonanzschaltkreis bei einer Frequenz entsprechend
der Frequenz des von dem betreffenden Schaltnetz-
teil (61, 62, 63, 64, 65, 66, 67) erzeugten Treibersi-
gnals mitschwingt.

Eine Ladevorrichtung nach Anspruch 1 oder 2, um-
fassend ein Paar von identischen ersten Wicklungen
(20, 21, 22), welche koaxial zueinander und in einem
gegenseitigen Abstand in der besagten, ersten Rich-
tung (Z) des Behalters (10) angeordnet sind, sowie
ein Paar von identischen zweiten Wicklungen (30,
31, 32, 33), welche koaxial zueinander und in einem
gegenseitigen Abstand in der besagten, zweiten
Richtung (Y) des Behélters (10) angeordnet sind,
lotrecht zu der ersten Richtung (Z), wobei die Wick-
lungen jedes Paares derart konfiguriert und ange-
ordnet sind, dass sie Helmholtz-Spulen bilden, und
wobei das besagte Speisungs- und Betriebssystem

10

15

20

25

30

35

40

45

50

55

(40) der Wicklungen derart konfiguriert ist, um die
Wicklungen jedes Paares so zu speisen, dass Ma-
gnetfelder mit der selben Richtung erzeugt werden,
und um Steuersignale zur Verfligung zu stellen, die
geeignet sind, innerhalb des Behalters (10) ein in
einer von der ersten und zweiten Richtung (Z, Y)
aufgespannten Ebene rotierendes Magnetfeld her-
vorzurufen.

Eine Ladevorrichtung nach einem der Anspriiche 1
bis 3, ferner umfassend wenigstens eine dritte Wick-
lung, deren Achse in einer dritten Richtung (X) des
Behalters (10) angeordnet ist, rechtwinklig zu der
ersten und zweiten Richtung (Z, Y).

Eine Ladevorrichtung nach Anspruch 4, umfassend
ein Paar von identischen, koaxial zueinander und in
einem gegenseitigen Abstand in der besagten, drit-
ten Richtung (X) angeordneten, dritten Wicklungen,
und wobei die Wicklungen jedes Paares derart kon-
figuriert und angeordnet sind, um Helmholtz-Spulen
zu bilden, und wobei das besagte Speisungs- und
Betriebs-System (40) der Wicklungen derart konfi-
guriert ist, um die Wicklungen jedes Paares so zu
speisen, dass Magnetfelder mit der selben Richtung
erzeugtwerden, und um Steuersignale zu erzeugen,
welche geeignet sind, innerhalb des Abteils (10) ein
im Raum rotierendes Magnetfeld zu erzeugen.

Eine Ladevorrichtung nach einem der Anspriiche 2
bis 5, wobei jeder Resonanzschaltkreis des Spei-
sungs- und Betriebssystems (40) ferner ein Paar von
Stromsensoren umfasst mit Umformern (613, 614,
623, 624, 633, 634, 644,653, 654, 663, 664, 673,
674), welche entlang der Kabel angeordnet sind, die
das betreffende Schaltnetzteil (61, 62, 63, 64, 65,
66, 67) mit den an den Enden der Wicklung ange-
ordneten Kondensatoren (611, 612, 621, 622, 631,
632,641, 642,651,652, 661, 662, 671, 672) verbin-
den, und welche geeignet sind, den die Kondensa-
torenund die Wicklungen speisenden Strom zu mes-
sen, wobei das Speisungs- und Betriebs-System
(40) auch einen Block (90) umfasst, der mit dem Mi-
kroprozessor (50) verbunden sowie derart konfigu-
riert ist, um Differenzen zwischen Stromwerten zu
ermitteln zwecks Prifung, ob es einen Leckage-
strom zur Masse gibt.

Eine Ladevorrichtung nach einem der vorangehen-
den Anspriiche, wobei das speisende und treibende
System (40) ferner wenigstens einen Sensor (120,
130) umfasst, welcher geeignet ist, die Gegenwart
einer lebenden Person oder eines Versuchstiers in
jedem Abteil (12, 13) des Behalters (10) zu erken-
nen.

Eine Ladevorrichtung nach einem der Anspriiche 1
bis 7, wobei der besagte, zusammensetzbare Be-
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halter (10) als Wohnumgebung ausgebildet ist.

Eine Ladevorrichtung nach einem der Anspriche 1
bis 7, wobei der besagte, zusammensetzbare Be-
halter (10) als Kafig fir Versuchstiere ausgebildetist.

Ein Verfahren fir das drahtlose Laden einerin einem
Versuchstier oder in einem Patienten implantierten,
bioelektronischen Vorrichtung nach der Resonanz-
methode, wobei das Verfahren die folgenden Schrit-
te umfasst:

i) Vorsehen und Installieren einer Ladevorrich-
tung, umfassend einen zusammensetzbaren
Behalter (10), welcher derart konfiguriert ist, um
eine geschlossene Umgebung abzugrenzen,
die sich zur Aufnahme eines Patienten oder ei-
nes Versuchstiers eignet, wobei der besagte,
zusammensetzbare Behalter (10) wenigstens
eine erste Wicklung umfasst, deren Achse in ei-
ner ersten Richtung orientiert ist, und wenigs-
tens eine zweite Wicklung, deren Achse in einer
zweiten Richtung lotrecht zu der besagten ers-
ten Richtung orientiert ist;

ii) EinschlieRen eines Versuchstiers oder eines
Patienten in den zusammensetzbaren Behalter
(10) der besagten Vorrichtung;

iii) Erzeugung von Steuersignalen, um die Wick-
lungen (20, 21, 22, 30, 31, 32, 33) des Behalters
(10) mit jeweiligen Wechselstromen zu speisen,
welche Nenn-Bezugs-Amplituden und Phasen-
verschiebungen haben, die geeignet sind, um
einrotierendes Magnetfeld innerhalb des Behal-
ters (10) hervorzurufen;

dadurch gekennzeichnet, dass

die besagte Vorrichtung eine Ladevorrichtung nach
einem der Anspriche 1 bis 9 ist,

und dass das Verfahren ferner die folgenden Schritte
umfasst:

iv) Erzeugen von Erkennungssignalen betref-
fend die in den besagten Wicklungen (20, 21,
22,30, 31, 32, 33) aktuell zirkulierenden Strome;
v) Ermitteln der aktuellen Werte der gegenseiti-
gen Phasenverschiebung und Frequenz der in
den Wicklungen aktuell zirkulierenden Stréme
anhand der Erkennungssignale;

vi) Einstellen der Treibersignale, um Unterschie-
de zwischen den aktuellen Phasenverschiebun-
gen und den entsprechenden Sollwerten aus-
zugleichen;

vii) Abstimmen der Frequenz der besagten Stro-
me auf eine gewiinschte Frequenz, um die Leis-
tungslibertragung an die Wicklungen zu maxi-
mieren.
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Revendications

Appareil pour charger un circuit bioélectronique pou-
vant étre alimenté a distance implanté dans un pa-
tient ou dans un animal de laboratoire, ledit appareil
comprenant :

a) un contenant composable (10) configuré pour
définir un environnement fermé approprié pour
recevoir un patient ou un animal de laboratoire,
ledit contenant (10) comprenant au moins un
premier enroulement (20, 21, 22) dont I'axe est
agencé dans une premiere direction (Z) et au
moins un deuxiéme enroulement (30, 31, 32,
33) dont I'axe est agencé dans une deuxiéme
direction (Y) perpendiculaire a ladite premiere
direction (Z), lesdits enroulements étant confi-
gurés de maniére a rayonner un champ électro-
magnétique, lorsqu’ils regoivent un courant al-
ternatif, vers I'intérieur dudit environnement fer-
mé le long de ladite premiére direction (Z) et de
ladite deuxieme direction (Y) ;

b) un systéme (40) pour alimenter et comman-
derles enroulements du contenantcomposable,
ledit systéeme (40) comprenant un dispositif de
commande de puissance de commutation (61,
62,63, 64, 65,66, 67) pour chaque enroulement
(20, 21, 22, 30, 31, 32, 33) et un circuit logique
programmable (80), ledit circuit logique pro-
grammable (80) étant configuré pour effectuer
une comparaison de phases, le circuit logique
programmable (80) étant a son tour connecté a
un microprocesseur (50) du systéeme d’alimen-
tation et de commande (40), ledit microproces-
seur étant configuré pour fournir des signaux de
commande aux enroulements (20, 21, 22, 30,
31, 32, 33) pour générer a I'intérieur du conte-
nant (10) un champ magnétique tournant,
caractérisé en ce que le contenant (10) com-
prend une pluralité de parois composables
constituées d’'un matériau non magnétique, les-
dites parois formant ledit environnement fermé,
lesdits enroulements étant installés dans ou sur
les parois et configurés de maniére a ne pas
étre accessibles au patient et/ou a I'animal de
laboratoire confinés dans le contenant (10) et a
avoir des bornes électriques accessibles uni-
quementa partirde I'extérieur du contenant (10)
lorsqu’il est monté,

et en ce que le systétme d’alimentation et de
commande (40) comprend en outre une pluralité
de circuits a boucle a verrouillage de phase (71,
72,73,74,75, 76, 77) respectivement connec-
tés a chaque dispositif de commande de puis-
sance de commutation (61, 62, 63, 64, 65, 66,
67) et au circuit logique programmable (80) du
systéme d’alimentation et de commande (40).
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Appareil de charge selon la revendication 1, dans
lequel au moins un condensateur (611, 612, 621,
622, 631, 632, 641, 642, 651, 652, 661, 662, 671,
672) est connecté aux bornes de chaque enroule-
ment (20, 21, 22, 30, 31, 32, 33) formant avec celui-
ciuncircuitrésonant connecté a undispositifde com-
mande de puissance de commutation (61, 62, 63,
64, 65, 66, 67) respectif, et dans lequel les valeurs
delacapacitance des condensateurs (611,612,621,
622, 631, 632, 641, 642, 651, 652, 661, 662, 671,
672) et de l'inductance des enroulements (20, 21,
22, 30, 31, 32, 33) de chaque circuit résonant sont
dimensionnées de sorte que le circuit résonant ré-
sonne aune fréquence correspondantalafréquence
d’un signal de commande généré par le dispositif de
commande de puissance de commutation (61, 62,
63, 64, 65, 66, 67) respectif.

Appareil de charge selon la revendication 1 ou 2,
comprenant une paire de premiers enroulements
(20, 21, 22) identiques agencés coaxialement les
uns aux autres et mutuellement espacés dans ladite
premiéere direction (Z) du contenant (10), ainsi
qu’une paire de deuxiémes enroulements (30, 31,
32,33) identiques agencés coaxialementles uns aux
autres et mutuellement espacés dans la deuxieme
direction (Y) du contenant (10), perpendiculaire a la
premiére direction (Z), dans lequel les enroulements
de chaque paire sont configurés et agencés de ma-
niére a former des bobines de Helmholtz et ledit sys-
teme d’alimentation et de commande (40) des en-
roulements est configuré pour alimenter les enrou-
lements de chaque paire de maniére a générer des
champs magnétiques ayant la méme direction et
pour fournir des signaux de commande appropriés
pour générer a lintérieur du contenant (10) un
champ magnétique tournant dans un plan identifié
par les premiere et deuxiéme directions (Z, Y).

Appareil de charge selon I'une quelconque des re-
vendications 1 a 3, comprenant en outre au moins
untroisieme enroulementdontl'axe estagencé dans
une troisieme direction (X) du contenant (10), per-
pendiculaire aux premiere et deuxiéme directions (Z,
Y).

Appareil de charge selon la revendication 4, com-
prenant une paire de troisiemes enroulements iden-
tiqgues agencés coaxialement les uns aux autres et
mutuellement espacés dans ladite troisieme direc-
tion (X), et dans lequel les enroulements de chaque
paire sont configurés et agencés de maniére a for-
mer des bobines de Helmholiz et ledit systéeme d’ali-
mentation et de commande (40) des enroulements
est configuré pour alimenter les enroulements de
chaque paire de maniére a générer des champs ma-
gnétiques ayant la méme direction et pour fournir
des signaux de commande appropriés pour générer
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10.

a I'intérieur du compartiment (10) un champ magné-
tique tournant dans I'espace.

Appareil de charge selon 'une quelconque des re-
vendications 2 a 5, dans lequel chaque circuit réso-
nant du systéme d’alimentation et de commande
(40) comprend en outre une paire de capteurs de
courant avec un transformateur (613, 614, 623, 624,
633, 634, 643, 644, 653, 654, 663, 664, 673, 674)
agenceés le long des cables qui connectent le dispo-
sitif de commande de puissance de commutation
(61, 62, 63, 64, 65, 66, 67) respectif aux condensa-
teurs (611, 612, 621, 622, 631, 632, 641, 642, 651,
652,661, 662,671, 672) agencés aux extrémités de
I’enroulement et congus pour mesurer le courant ali-
mentant les condensateurs et les enroulements, le
systéeme d’alimentation et de commande (40) com-
prenant également un bloc (90) connecté au micro-
processeur (50) et configuré pour calculer les diffé-
rences entre les valeurs de courant afin de recher-
cher toute fuite de courant vers la masse.

Appareil de charge selon 'une quelconque des re-
vendications 1 a 6, dans lequel le systeme d’alimen-
tation et de commande (40) comprend en outre au
moins un capteur (120, 130) approprié pour détecter
la présence d’un étre humain ou d’un animal de la-
boratoire dans chaque compartiment (12, 13) du
contenant (10).

Appareil de charge selon 'une quelconque des re-
vendications 1 a 7, dans lequel ledit contenant com-
posable (10) est configuré en tant qu’environnement
de vie.

Appareil de charge selon 'une quelconque des re-
vendications 1 a 7, dans lequel ledit contenant com-
posable (10) est configuré en tant que cage pour des
animaux de laboratoire.

Procédé pour la charge sans fil dans un mode réso-
nantd’un dispositif bioélectronique implanté dans un
animal de laboratoire ou dans un patient, ledit pro-
cédé comprenant les étapes suivantes :

i) de fourniture et d’installation d’un appareil de
charge comprenant un contenant composable
(10) configuré pour définir un environnement
fermé approprié pour recevoir un patient ou un
animal de laboratoire, ledit contenant composa-
ble (10) comprenant au moins un premier en-
roulement dont I'axe est agencé dans une pre-
miére direction et au moins un deuxiéme enrou-
lement dont I'axe est agencé dans une deuxie-
me direction perpendiculaire a ladite premiére
direction ;

ii) de confinement d’un animal de laboratoire ou
d’'un patient dans le contenant composable (10)
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dudit appareil ;

ii) de génération de signaux de commande afin

de fournir aux enroulements (20, 21, 22, 30, 31,

32, 33) du contenant (10) des courants alterna-

tifs respectifs ayant des amplitudes et des dé- 5
phasages de référence nominaux appropriés
pour générer un champ magnétique tournant a
l'intérieur du contenant (10) ;

caractérisé en ce que, 10
ledit appareil est un appareil de charge selon I'une
quelconque des revendications 1 a 9,
et en ce que le procédé comprend en outre les éta-
pes suivantes :
15
iv) de génération de signaux de détection des
courants circulant réellement dans lesdits en-
roulements (20, 21, 22, 30, 31, 32, 33) ;
v) d’évaluation, par l'intermédiaire desdits si-
gnaux de détection, des valeurs réelles du dé- 20
phasage et de la fréquence mutuels des cou-
rants  circulant réellement dans les
enroulements ;
vi) d’ajustement des signaux de commande afin
de compenser les différences entre les dé- 25
phasages réels et les valeurs nominales
correspondantes ;
vii) d’accord de la fréquence desdits courants a
une fréquence souhaitée de maniére a augmen-
ter a un maximum le transfert de puissance aux 30
enroulements.
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