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Description

[0001] The present disclosure relates to a wirelessly
rechargeable hearing device having inductive charging
circuitry, where the hearing device comprises a magnetic
component configured to magnetically engage with an-
other magnetic component comprised in a charger. Fur-
ther, the disclosure relates to a charger for the wirelessly
rechargeable hearing device, where the charger com-
prises a magnetic component, which is configured to
magnetically engage with a magnetic component in the
hearing device. Lastly, a system comprising the wireless-
ly rechargeable hearing device and the charger, and
where the magnetic components and the induction coils
are configured to aid the user in placing the hearing de-
vice in the charger in such a way that the induction coils
are able to couple inductively.

BACKGROUND OF THE INVENTION

[0002] A hearing device may be a hearable, an ear-
phone, a hearing protection device, a hearing aid (e.g.
an invisible-in-canal (l1IC), completely-in-canal (CIC), in-
the-canal (ITC), in-the-ear (ITE), receiver-in-ear (RIE),
microphone-and-receiver-in-ear (MaRIE), behind-the-
ear (BTE) hearing aid), an ear plug, or other hearing de-
vice. Such hearing devices contain a plurality of electron-
ic components and circuits that create, process, and/or
cancel audible sound for the potential benefit of the user.
Some or all of the sound may be digitized and may be
altered by one or more of the components and circuits,
e.g. the sound may be amplified, filtered, moderated,
equalized, adjusted, cancelled, etc.

[0003] The electronic components require power,
which is supplied by a battery that may be rechargeable
or non-rechargeable. If the battery is not rechargeable,
the hearing device may have a battery door in the shell
of the hearing device through which the battery can be
removed and replaced. Having a battery door imposes
design restrictions on the hearing device, which are es-
pecially significant for in-ear hearing devices, where
there is little available space, making rechargeable bat-
teries advantageous.

[0004] One optioniswired recharging, wherein the bat-
tery is not replaced, but rather recharged by connecting
the battery to an external charger via an electrical con-
nection, e.g. via conductive contact points.

[0005] Another option is wireless recharging, where
the battery is recharged using inductive charging. A fluc-
tuating magnetic field created by an alternating current
in a transmitter coil comprised in the charger induces an
alternating electric current in a receiver coil comprised in
the hearing device. The alternating current induced in
the receiver coll is rectified and used to charge the bat-
tery. Thus, by using wireless charging the hearing device
does not need a battery door nor an electrical wired path-
way between the battery and a charger.

[0006] The strength of the coupling between the re-
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ceiver coil and the transmitter coil is in part dependent
on how well the two induction coils are aligned and the
distance between them. It is thus a technical problem
with wirelessly rechargeable devices that the receiver
and transmitter coils should be sufficiently aligned to
achieve and to optimise the recharging of the hearing
device.

[0007] The user is not aided in aligning the induction
coils in the same way that the user is aided by the design
of an electric wire and its corresponding plug(s), or by
the design of the battery and the battery holder. Further,
alignment between the induction coils becomes more dif-
ficult the smaller the hearing device is, and the smaller
the induction coils are. Thus, the problem of achieving
sufficient alignment of the induction coils is present in all
wirelessly rechargeable hearing devices and can be par-
ticularly difficult forin-ear hearing devices, and especially
the in-ear hearing devices with the smallest form factors
such as the CIC hearing aids.

[0008] Therefore, itis anobjectto provide an improved
wirelessly rechargeable hearing device.

[0009] Itis a further object to provide a wirelessly re-
chargeable hearing device, which aids the userin placing
the hearing device correctly in the charger such that re-
charging of the hearing device is possible and/or is opti-
mised.

[0010] It is a further object to facilitate reproducible
placement of the wirelessly rechargeable hearing devic-
es in a charger.

[0011] It is further an object to provide an improved
system for charging of a wirelessly rechargeable hearing
device.

[0012] Further, it is desirable that the use of space
available within the wirelessly rechargeable hearing de-
vice be optimised to limit design restrictions on hearing
devices, which already struggle with having little availa-
ble space.

SUMMARY OF THE INVENTION

[0013] In a first aspect is provided a wirelessly re-
chargeable hearing device, in a second aspect is provid-
ed a charger for a wirelessly rechargeable hearing de-
vice, and in a third aspect is provided a system compris-
ing a wirelessly rechargeable hearing device and a
charger for the rechargeable hearing device. In the three
aspects, the terms and features relate to the terms and
features having the same name in the other aspects and
therefore the descriptions and explanations of terms and
features given in one aspect apply to the other aspects.
[0014] Inthe firstaspect, the wirelessly rechargeable
hearing device comprises a rechargeable battery and in-
ductive charging circuitry comprising a receiver coil. The
receiver coil is configured for inductive coupling to a
transmitter coil in a charger, also referred to as a Tx coil.
The hearing device further comprises a first magnetic
component configured to magnetically engage with a
second magnetic component comprised in the charger
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in such a way as to facilitate inductive coupling between
the receiver coil and the transmitter coil.

[0015] The hearing device will have one or more func-
tionalities related to hearing, such as one or more func-
tionalities, which act to shield the user’s ear canal from
certain sounds, or one or more functionalities to aid users
with hearing loss. Thus, the hearing device may be a
hearing aid. In some embodiments, the hearing device
is an in-ear hearing device, such as a completely-in-the-
canal hearing aid.

[0016] Inductive charging circuitry is circuitry config-
ured for charging a rechargeable battery wirelessly using
magnetic induction. The inductive charging circuitry com-
prised in the hearing device comprises a receiver coil,
also referred to as an Rx coil. The receiver coil may be
any suitable shape or type of induction coil. In some em-
bodiments, the inductive charging circuitry is further con-
figured according to a standard of wireless power trans-
fer, such as the Near Field Communications (NFC) stand-
ard or the Qi standard. Usually, this will mean that the
transmitter coil in the associated charger will be config-
ured according to the same standard.

[0017] In some embodiments, the inductive charging
circuitry is configured to the 140 kHz Qi standard and
allow frequency adaptation (such as 105 to 205 kHz) for
maximum resonant power transfer during charging.
[0018] In some embodiments, the inductive charging
circuitry is configured to use the 13.56 MHz NFC stand-
ard.

[0019] In some embodiments, the inductive charging
circuitry is configured to use 6.78 MHz.

[0020] In some embodiments, the inductive charging
circuitry is configured to use 333 kHz, or 131 kHz, as
main frequency.

[0021] A caoil axial centreline, also referred to as the
axial line, of the receiver coil extends through the centre
of the receiver coil and along its magnetic axis. For in-
ductive charging, a receiver coil and a transmitter coil
must couple, such that a fluctuating, i.e. time-varying,
magnetic field created by the transmitter coil will result
in an alternating electric current in the receiver coil. The
strength of this coupling is in part dependent on how well
the coil axial centrelines of the receiver and transmitter
coils are coaxially aligned and the distance between the
two induction coils, such as the distance between the
centres of mass of the two induction coils.

[0022] The first magnetic component, which is config-
ured to magnetically engage with a second magnetic
component comprised in the charger, aids the user in
reproducible and efficient placement of the hearing de-
vice at or in the charger. An advantage of using magnetic
coupling for correct, reproducible placement of a hearing
device at or in its charger is that the design restrictions
on the charger are diminished, which reduces the com-
plexity and cost of the charger. The reproducible place-
ment does not mean that the placement has to be exactly
the same every time, but that it is close enough to the
optimal placement for inductive charging.
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[0023] The chargerdoes notneed to have a shape that
follows an outline of the hearing device in order for the
hearing device to be placed correctly at or in the charger.
Further, the charger does not need to have a lid to secure
the hearing device nor does it require a lid in which the
transmitter coil is comprised as a way to align the induc-
tion coils as is the case for many chargers in use today.
[0024] In some embodiments, the first magnetic com-
ponentis amagnetic material, ora magnet. The magnetic
material may be a metal, such as stainless steel. The
magnet may be a permanent magnet, such as a perma-
nent magnet that is ferromagnetic or ferrimagnetic, or
such as a material having a weaker type of magnetism,
or a temporary magnet, such as an electromagnet.
[0025] In some embodiments, the first magnetic com-
ponent is flat, i.e. has a dimension that is much smaller
than the two other dimensions.

[0026] The first magnetic component is positioned
within the hearing device in such a way that it can mag-
netically engage with a second magnetic component
comprised in the charger in such a way as to facilitate
inductive coupling between the receiver coil in the hear-
ing device and the transmitter coil in the charger. By en-
gage is meant that a magnetic componentinteracts mag-
netically with another magnetic component, i.e. there is
a magnetic force between the two such that they either
attract or repel each other. In some embodiments, the
first magnetic component is configured such that it will
attract and/or be attracted to the second magnetic com-
ponent. The first and second magnetic components may
be configured such that they will attract each other in
some orientations of the hearing device in the charger
and repel each other in other orientations of the hearing
device in the charger.

[0027] The magnetic engagement between the first
magnetic component and the second magnetic compo-
nent acts to facilitate correct positioning of the induction
coils, so that the induction coils can couple inductively.
[0028] Insomeembodiments, the wirelessly recharge-
able hearing device comprises another magnetic com-
ponent, a third magnetic component, which is configured
to magnetically engage with either the second magnetic
component comprised inthe charger and/or with a further
magnetic component comprised in the charger, a fourth
magnetic component. In some embodiments, a magnetic
component in the hearing device will attract and/or be
attracted to a magnetic componentin the charger, and/or
amagnetic componentin the hearing device will repel/be
repelled by a magnetic component in the charger. For
the magnetic components to repel each other they will
both need to be magnets of some kind. In some embod-
iments, the firstand second magnetic components attract
each other, the third and fourth magnetic components
attract each other, the first and fourth magnetic compo-
nents repel each other, and the second and third mag-
netic components repel each other. The resulting effect
of the interaction between the magnetic component(s) in
the hearing device and the magnetic component(s) in the
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charger is facilitating correct positioning of the induction
coils for inductive charging and the magnetic compo-
nents are configured to this end.

[0029] In some embodiments of the wirelessly re-
chargeable hearing device, particularly in the smaller
types of hearing devices, where space is limited, the first
magnetic component may be placed adjacent to the re-
chargeable battery. In some embodiments, the first mag-
netic componentis shaped so as to atleast partially follow
an outer surface of the rechargeable battery. For exam-
ple, if the rechargeable battery is a round button cell bat-
tery, the first magnetic component may be flat and be
positioned adjacent to a terminal of the battery, or the
first magnetic component may be curved so as to be able
to follow the curvature of the side of the battery and be
positioned adjacent to that side of the battery. In some
embodiments, all the dimensions of the first magnetic
component are all equal to or smaller than all the dimen-
sions of the rechargeable battery. In some embodiments,
one or more dimensions of the first magnetic component
has a defined diameter, e.g. the first magnetic component
is circular, or elliptical.

[0030] In some embodiments, the first magnetic com-
ponentis an integral part of the rechargeable battery. For
example, the battery exterior may comprise a magnetic
material, such as a magnetic metal, and the rechargeable
battery may be configured to be able to magnetically en-
gage with a magnet positioned in the charger.

[0031] The first magnetic component is configured to
magnetically engage with a second magnetic component
comprised in the charger in such a way that, when the
first and second magnetic components engage appro-
priately, the receiver coil can inductively couple to the
transmitter coil. The hearing device may further comprise
one or more indicators such as one or more visual indi-
cators, such as one or more icons and/or one or more
coloured surfaces to further aid the user in correct place-
ment of the wirelessly rechargeable hearing device in the
associated charger. Likewise, the associated charger
may comprise one or more indicators such as one or
more visual indicators, such as icons and/or one or more
coloured surfaces to further aid the user in correct place-
ment of the wirelessly rechargeable hearing device in the
associated charger. Alternatively, or additionally, the one
or more indicators may be textual, or shapes that fit to-
gether.

[0032] The wirelessly rechargeable hearing device
may further comprise yet another magnetic component,
a third magnetic component. Likewise, the associated
charger may further comprise another magnetic compo-
nent, a fourth magnetic component. The third magnetic
component is configured to magnetically engage with the
second magnetic component comprised in the charger,
and/or with the fourth magnetic component comprised in
the charger.

[0033] In some embodiments, the receiver coil is po-
sitioned adjacentto the rechargeable battery. The receiv-
er coil may be adhered directly onto the rechargeable
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battery and the distance is then mostly determined by
the thickness of the adhesive, where the adhesive could
be e.g. glue or tape. A receiver coil magnetic shielding,
such as aferrite disc or plate, or a frame structure materiel
may be placed in-between the receiver coil and the re-
chargeable battery. In some embodiments, the distance
between the receiver coil and an outer surface of the
rechargeable battery is between 0.1 mm and 1 mm, such
as 0.12 mm and 0.8 mm, such as 0.15 and 0.6 mm.
[0034] In some embodiments, the receiver coil is po-
sitioned adjacent to a side of the rechargeable battery,
or the receiver coil is positioned adjacent to a terminal of
the rechargeable battery, i.e. adjacent to the negative or
positive terminal.

[0035] In some embodiments, the first magnetic com-
ponent is configured to be able to engage magnetically
with the second magnetic component in a direction that
is at an angle of between 75 to 105 degrees, such as
between 80 to 100 degrees, such as between 85 to 95
degrees, to the coil axial centreline of the receiver coil.
That is, there is roughly a 90 degree angle between the
magnetic coupling direction and the inductive coupling
direction.

[0036] The inductive coupling direction is the primary
direction, the optimal direction, of inductive coupling for
the induction coil and will follow the axial centreline of
the induction coil. Ideally, the receiver and transmitter
coils are coaxially aligned such that the axial centrelines
of the receiver coil and transmitter coil are parallel and
aligned. However, a perfect coaxial alignment of the two
induction coils is not necessary forinductive couplingand
some deviation from the ideal is permissible, although
too much deviation will result in poor or no charging.
[0037] The magnetic coupling direction is the primary
direction of the magnetic force between the magnetic
components,i.e. direction in which the resultant magnetic
force is strongest.

[0038] In some embodiments, the first magnetic com-
ponent is configured to be able to engage magnetically
with the second magnetic component in a direction that
is at an angle of between -15 to 15 degrees, such as
between -10 to 10 degrees, such as between -5 to 5
degrees, to the axial centreline of the receiver coil. That
is, the magnetic coupling direction and the inductive cou-
pling direction are roughly at zero degree angle to each
other.

[0039] In some embodiments, the first magnetic com-
ponent is positioned in-between the receiver coil and the
rechargeable battery.

[0040] In the second aspect, the charger for a wire-
lessly rechargeable hearing device comprises a trans-
mitter coil, which is configured for inductive coupling to
areceiver coil in the hearing device. The charger further
comprises a second magnetic component configured to
magnetically engage with a first magnetic component
comprised in the hearing device in such a way as to fa-
cilitate inductive coupling between the receiver coil and
the transmitter coil.
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[0041] In some embodiments, the second magnetic
componentis a magnetic material, oramagnet. The mag-
netic material may be a metal, such as stainless steel.
The magnet may be a permanent magnet, such as a
permanent magnetthatis ferromagnetic or ferrimagnetic,
or such as a material having a weaker type of magnetism,
orit may be atemporary magnet, such as an electromag-
net.

[0042] In some embodiments, the distance between
the transmitter coil and an outer surface of the charger
is between 0.1 mm and 1 mm, such as 0.12 mm and 0.8
mm, such as 0.15 and 0.6 mm.

[0043] In the third aspect, the system comprises a
wirelessly rechargeable hearing device according to the
firstaspectand a chargeraccording to the second aspect.
The first and second magnetic components and the in-
duction coils are configured to facilitate placement of the
hearing device at or in the charger in such a way that the
induction coils are able to couple inductively.

[0044] In some embodiments, the first and second
magnetic components are configured so as to define a
predetermined position for the hearing device 1 at or in
the charger 25 in which the receiver coil 3 aligns suffi-
ciently with the transmitter coil 27 to enable wireless
charging. The predetermined position may be a plurality
of orientations, e.g. due to rotational symmetry, or due
to allowable deviations from perfect alignment of the in-
duction coils.

[0045] In some embodiments, the receiver coil diam-
eter is smaller than the transmitter coil diameter.

[0046] The diameter of the receiver coil and of the
transmitter coil is the diameter as commonly defined for
the type of induction coil used as receiver and/or trans-
mitter coil. It may be possible for a given induction coil
to have defined both an inner and an outer diameter, but
for the purposes of hearing devices, where size is an
important factor, it is the outer diameter that is referred
to here. In some embodiments, the diameter of the re-
ceiver coil is between 1 mm and 12 mm, for example
between 3 mm and 10 mm, for example between 5 mm
and 8 mm, or for example between 6 mm and 7 mm. The
smaller the hearing device, the smaller the required max-
imum form factor of the receiver coil will be with the harsh-
est requirement being for hearing devices of the CIC-
type, i.e. where the entire functional part of the hearing
device is placed within the ear canal with the intent that
the hearing device is nearly invisible except for possibly
a tiny pull-out wire showing outside of the ear canal.
[0047] The larger the two induction coils are, the less
significance a deviation from a coaxial alignment has.
The size of the receiver coil is to a large degree deter-
mined by the available space within the hearing device
and may be limited by the constraints of the volume and
space within the hearing device, particularly in the small-
er types of hearing devices. The transmitter coil, which
is positioned in a charger, however, do not usually have
the same constraints and the transmitter coil may advan-
tageously have a larger diameter than the receiver coil.
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[0048] Insome embodiments, the receiver coil and the
transmitter coil are configured such that the distance be-
tween the centre of mass of the receiver coil and the
centre of mass of the transmitter coil is less than or equal
to 5.0 mm, such as less than or equal to 4.0 mm, such
as less than or equal to 3.0 mm, such as less than or
equal to 2.0 mm, when the wirelessly rechargeable hear-
ing device is placed correctly in the charger for charging.
[0049] Ideally, the receiver and transmitter coils are
coaxially aligned, when the hearing device is placed at
or in the charger for charging, such that the axial cen-
trelines of the receiver coil and transmitter coil are parallel
and aligned. However, a perfect coaxial alignment of the
two induction coils is difficult to achieve and not neces-
sary for the charging.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] In the following, exemplary embodiments of the
invention are described in more detail with reference to
the appended drawings, wherein:

FIG. 1 schematically illustrates a wirelessly re-
chargeable hearing device in accordance with ex-
emplary embodiments of the invention,

FIG. 2 illustrates an in-ear hearing device positioned
within the ear canal of a user,

FIG. 3 illustrates an induction coil positioned adja-
cent to a hearing device sidewall, and/or a faceplate
surface, or a charger sidewall,

FIG. 4 schematically illustrates a wirelessly re-
chargeable hearing device in accordance with ex-
emplary embodiments of the invention,

FIG. 5 schematically illustrates a wirelessly re-
chargeable hearing device placed at or in a charger
for a wirelessly rechargeable hearing device in ac-
cordance with exemplary embodiments of the inven-
tion,

FIG. 6 schematically illustrates a wirelessly re-
chargeable hearing device in accordance with ex-
emplary embodiments of the invention, and

FIGS. 7-14 schematically illustrates a wirelessly re-
chargeable hearing device placed at or in a charger
for a wirelessly rechargeable hearing device in ac-
cordance with exemplary embodiments of the inven-
tion.

DETAILED DESCRIPTION

[0051] In the following various exemplary embodi-
ments of the disclosed wirelessly rechargeable hearing
device, charger for a wirelessly rechargeable hearing de-
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vice, and system comprising a wirelessly rechargeable
hearing device and a charger for a wirelessly recharge-
able hearing device are described with reference to the
appended drawings. The skilled person will understand
that the accompanying drawings are schematic and sim-
plified for clarity and therefore merely show details which
are essential to the understanding of the invention, while
other details have been left out. The elements shown in
the drawings are not necessarily drawn to scale, but are
primarily drawn to illustrate relative position, orientation,
and function. Like reference numerals refer to like ele-
ments throughout. Like elements will therefore not nec-
essarily be described in detail with respect to each figure.
[0052] FIG. 1 schematically illustrates a wirelessly re-
chargeable hearing device 1. The hearing device 1 is an
in-ear hearing device, which is made to be positioned at
least partly within the ear canal EC of a user, see fig. 2.
The hearing device may be a hearing aid and may be
one of the in-ear hearing aids known as invisible-in-canal
(lIC), completely-in-canal (CIC), in-the-canal (ITC), or in-
the-ear (ITE). The drawing illustrates both the outline of
the hearing device 1 as well as some of the internal com-
ponents in a partially transparent side view.

[0053] To protect the components within the hearing
device 1, the hearing device 1 has a shell intended to
help keep out ear wayx, dirt, water, oil etc. The in-ear hear-
ing device shell is made up of a faceplate surface 17 and
one or more hearing device sidewalls 19, where at least
a part of the hearing device sidewalls 19 comprises an
in-ear part 18.

[0054] When the in-ear hearing device 1 is in place at
least partly within the user’s ear canal, at least part of the
faceplate surface 17 faces towards the outside of the ear
canal, i.e. in a direction generally opposite the eardrum
ED, see fig. 2. In some models of in-ear hearing devices
1, the faceplate surface 17 will have one or more micro-
phone openings and possibly buttons, switches, etc. with
which the user can interact with the in-ear hearing device
1, for example to change settings and/or turn the in-ear
hearing device 1 on/off. In the embodiment in fig. 1, the
faceplate surface 17 is the outer surface of a faceplate
15. The faceplate 15 may be thin or thick when compared
to the rest of the hearing device, and it may be formed
as an integral part or as a separate part of the in-ear
hearing device 1.

[0055] The shell is positioned at least partially inside
the ear canal of the user, when the in-ear hearing device
1is in use and at least a part of it is thus shaped to fit
inside an ear canal, such as the in-ear part 18. The shape
of the in-ear part 18 may be a generic shape that allows
the hearing device to be placed within the ear of any user
or at least a plurality of users, or the shape may, at least
in part, be moulded to fit a particular user better in which
case the hearing device is referred to as a custom hearing
device. Thus, the shell may be individually shaped to fit
inside the ear canal of a particular user. Such an individ-
ually shaped in-ear hearing device is known as a custom
hearing device and may be made by a process, which
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entails obtaining a physical or computerized model of
part of the particular user’s ear canal.

[0056] The one or more hearing device sidewalls 19
of an in-ear hearing device 1 will usually not contain mi-
crophones, buttons, switches, etc. as the one or more
hearing device sidewalls 19 will typically be adjacent to,
or face toward, a part of the user’s ear or ear canal, when
the in-ear hearing device 1 is in place. Such components
will therefore usually be positioned in the faceplate 15 of
an in-ear hearing device 1. If the in-ear hearing device 1
is of a type that is positioned far within the user’s ear
canal in such a way that it is difficult or near impossible
for the user to grab the shell itself for removal, the in-ear
hearing device 1 may comprise a means for aiding in the
removal of the in-ear hearing device 1, e.g. a pull-out
wire 13.

[0057] The in-ear hearing device has hearing device
components arranged within the hearing device shell,
such as a receiver 9, i.e. a speaker, and electronics 7,
where the electronics 7 may be electronic components
and circuits that create, process, and/or cancel audible
sound. The receiver Qis typically arranged in the proximal
end of the in-ear hearing device 1 such that it is close to
the eardrum ED of the user when the hearing device 1
is inserted into the user’s ear canal EC, see fig. 2.
[0058] To supply power to electronic components with-
in the hearing device 1, the hearing device 1 has a re-
chargeable battery 11, which is recharged by inductive
charging. To this end, the in-ear hearing device 1 has
inductive charging circuitry comprising a receiver coil 3
and circuitry for rectifying the alternating current induced
in the receiver coil 3 during operation. The receiver coil
3 is comprised of a copper layer (horizontal line pattern)
on a PCB (angled line pattern) with a receiver coil mag-
netic shielding 21a (black rectangle) made of e.g. ferrite.
The receiver coil magnetic shielding 21a acts to concen-
trate the magnetic field created during induction to the
inductive coil instead of wasting energy, e.g. by heating
of the surrounding components such as the battery 11.
Further, a magnetic shielding will often be positioned and
configured such that the potential adverse effect of the
magnetic flux on other components of the hearing device
is diminished. A transmitter coil magnetic shielding 21b
may similarly be placed in relation to a transmitter coil 27
in a charger 25 for the wirelessly rechargeable hearing
device 1, see fig. 5, 7, 8, 10-13. The magnetic shielding
21a,21b may be further configured to diminish the effects
of magnetic components within the hearing device 1 and
or the charger 25 such as negative effects on the induc-
tion coils 3, 27 and/or the charging field.

[0059] A magnetic shielding 21a, 21b is not essential
and may therefore be absent or may only be present
adjacent to one of the induction coils, i.e. in connection
with either the receiver coil 3 or transmitter coil 27. The
magnetic shielding 21a, 21b is shown as a solid disc or
plate, but may have any functional shape and may not
be a solid plate, e.g. it may be a latticework. The skilled
person will know that the magnetic shielding 21a, 21b
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may have a different geometry than that shown to achieve
its intended functionality.

[0060] The induction coils, such as the receiver coil 3
and a transmitter coil 27, are said to have a coil axial
centreline 5, which will often be both the magnetic and
geometric centre of the induction coil(s), see fig. 3 and
fig. 4, and the wireless charging is most efficient when
the coil axial centrelines 5 of the transmitter and receiver
coils are aligned. In practice, there will be some degree
of misalignment between the two induction coils, and the
greater the misalignment, the less efficient the charging.
[0061] Another important factor for efficient induction
chargingis distance between the transmitter and receiver
coils. Therefore, the inductions coils are placed such that
they can get as close to each other as possible and such
that they can align as well as possible. Fig. 3 shows an
induction coil 3, 27 positioned adjacent to a hearing de-
vice sidewall 19 and/or afaceplate surface 17 ora surface
20 of a charger for a wirelessly rechargeable hearing
device with its coil axial centreline 5 pointing through the
adjacentsidewall 19, 20 orfaceplate surface 17. By being
positioned closely adjacent to a sidewall 19, 20 or face-
plate surface 17 the induction coil 3, 27 will be close to
the outer surface of the hearing device 1 or charger 25
so that it may get close to the other induction coil 3, 27.
Preferably, the induction coil will be positioned as close
as possible to the adjacent sidewall 19, 20 or faceplate
surface 17, which will often mean that its coil axial cen-
treline 5 will be at an angle close to 90 degrees with re-
spect to the sidewall or faceplate surface.

[0062] Instead of being positioned adjacent to a side-
wall 19, 20 or the faceplate surface 17, an induction coil
3, 27 may be placed in an indent in the adjacent side-
wall/surface 17,19, 20 orin a through-hole in the adjacent
sidewall/surface 17, 19, 20. If placed in a through-hole,
the induction coil 3, 27, to protect it from the environment
outside the hearing device 1 or charger 25, may have a
protective coating and/or be covered by a lacquer.
[0063] Tofacilitate reproducible placement ofthe hear-
ing device 1 in or at the charger 25 such that the induction
coils 3, 27 are aligned sufficiently for induction charging,
the hearing device 1 has a first magnetic component 23,
which is configured to magnetically engage with a mag-
netic component in a charger. The first magnetic com-
ponent 23 as shown in fig. 1 could be any suitable shape
e.g. a bar, a rectangular plate, or a disc. In the embodi-
ment shown in fig. 1, the rechargeable battery 11 is a
button cell battery and the first magnetic component 23
is positioned adjacent to a side of the rechargeable bat-
tery 11, while the receiver coil 3 is positioned adjacent
to a terminal of the battery 11. The first magnetic com-
ponent 23 could be a magnet, and the magnetic compo-
nent in the charger could be a magnetic material or it
could also be a magnet. If the first magnetic component
23is not magneticitself, the second magnetic component
in the charger alone will have to provide the magnetiza-
tion necessary for the two components to magnetically
engage.
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[0064] In its position in the faceplate 15 and close to
the faceplate surface 17 the first magnetic component
23 is in a suitable position for it to be configured to be
able to engage magnetically with the magnetic compo-
nent in the charger in a direction that is perpendicular, or
close to being perpendicular, to the coil axial centreline
5 of the receiver coil 3, i.e. perpendicular to, or close to
perpendicular to, the direction of optimal induction cou-
pling. An advantage of this configuration of the magnet
engagement and the induction coupling is that it simpli-
fies configuration of the magnetic components and in-
duction coils to ensure that the effects of the magnetic
flux from the magnetic components does not significantly
diminish the efficiency of the induction charging.

[0065] Positioning the receiver coil 3 and first magnetic
component 23 in or near the faceplate 15 may allow for
the same internal architecture of the hearing device 1 to
be used between models, types and/or custom hearing
devices individualized for different users even though
part of the shape of the rest of the shell in the different
hearing devices is dissimilar.

[0066] The first magnetic component 23 may further
be configured such that magnetic engagementwith it can
be used in extraction of the in-ear hearing device 1 from
the ear canal ED of the user, i.e. as a means for aiding
in the removal of the in-ear hearing device 1, e.g. instead
of using a pull-out wire 13. As the first magnetic compo-
nent 23 is positioned in the faceplate 15 and near to the
faceplate surface 17, which faces towards the outside of
the user’s ear canal ED when in position at least partly
within the ear canal ED, it could be configured to attract
or be attracted to a magnetic component in an extraction
device operated by the user and thereby the hearing de-
vice 1 could be pulled in the direction out of the user’s ear.
[0067] Placing the receiver coil 3 adjacentto a terminal
of the battery 11 as shown in fig. 1, can be a way to
optimise the use of available space within the in-ear hear-
ing device 1. In-ear hearing devices, in particular the
smallest types, typically have very limited space for the
components thatare required to provide the desired func-
tionalities.

[0068] FIG. 2 shows a user’s ear as well as parts of
the inner ear, and illustrates an in-ear hearing device 1
positioned within the ear canal, EC. When the in-ear hear-
ing device 1 is in place within the user’s ear canal EC,
its receiver 9 (see fig. 1), which is typically arranged in
the proximal end of the in-ear hearing device 1, is close
to the eardrum ED.

[0069] FIG. 3 illustrates an induction coil 3, 27, such
as a receiver coil 3 or a transmitter coil 27, positioned
adjacentto a hearing device sidewall 19, a faceplate sur-
face 17, or a sidewall of a charger 20. The induction coil
3, 27 has a coil axial centreline 5, which extends through
the centre of the induction coil and along its magnetic
axis.

[0070] FIG. 4 schematically illustrates a wirelessly re-
chargeable hearing device 1. The hearing device 1 could
be similar to the hearing device 1 shown in fig. 1 (seen
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from a direction that is normal to the terminals of the
rechargeable battery 11) with the exception that the first
magnetic component 23 is shaped to follow the outer
surface of the rechargeable battery 11. Shaping the first
magnetic component 23 thusly could be another way to
optimise the available space within the hearing device 1.
[0071] The receiver coil magnetic shielding 21a is
shaped as a plate that is at least partially solid and may
be made of e.g. ferrite, while the receiver coil 3 is shown
as being circular, but may have any suitable shape.
[0072] FIG. 5 schematically illustrates a wirelessly re-
chargeable hearing device 1 placed at or in a charger 25
forawirelessly rechargeable hearing device. The hearing
device 1 may be a hearing device 1 similar to the hearing
device shown in fig. 1 (possibly without the pull-out wire
13) or the hearing device shown in fig. 4.

[0073] The charger 25 has inductive charging circuitry
with a transmitter coil 27, which is configured to be able
to inductive couple to the receiver coil 3 in the hearing
device 1. The transmitter coil 27 is comprised of a copper
layer (horizontal line pattern) on a PCB (angled line pat-
tern) with a transmitter coil magnetic shielding 21b (black
rectangle) made of e.g. ferrite. The transmitter coil 27 is
positioned close to a surface 20 of the charger 25 such
that it can get close enough to the receiver coil 3 for in-
ductive charging.

[0074] The induction coils 3, 27, i.e. the receiver coil 3
and the transmitter coil 27, will be configured to operate
at one or more frequency ranges and they may be con-
figured according to a standard of wireless power trans-
fer, such as e.g. the Near Field Communications (NFC)
standard, or the Qi standard. An advantage of using in-
duction coils configured according to the NFC standard
is that this configuration is better able to handle "noise",
such as the noise from a static magnetic field created by
one or more of the magnetic components 23, 29. Both
the receiver coil 3 and the transmitter coil 27 are posi-
tioned close to an outer surface so they can get close
enough to each other to allow for efficient wireless charg-
ing.

[0075] A second magnetic component 29 in the charg-
er 25 is configured to magnetically engage with the first
magnetic component 23 in the hearing device 1 such that
the two components attract each other. In the embodi-
ment shown in fig. 5, the charger 25 has an L-shaped
charger casing 31 with the transmitter coil 27 positioned
in one leg and the second magnetic component 29 po-
sitioned in the other leg. The two legs may in this em-
bodimentbe perpendicular to each other or approximate-
ly perpendicular to each other. When the hearing device
is placed in or close to the corner, i.e. the inner corner,
of the two legs of the charger, the first and second mag-
netic components 23, 29 magnetically engage, which
aids the user in correct, reproducible placement of the
hearing device at orin the charger such that the induction
coils are in position for wireless charging. The L-shaped
charger 25 could be wall mounted or have a stand on
which it rests.
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[0076] The magnetic force between the first and sec-
ond magnetic components 23, 29 may be strong enough
to hold the hearing device 1 against gravity (arrow
marked g), e.g. such that the hearing device 1 "hangs"
in the charger 25. An advantage of this type of "open"
construction charger, which is minimally shaped to the
shape of a hearing device 1, is that it can more easily be
designed to be used with a plurality of hearing devices
of different types. For example, the same charger may
be used for different types of in-ear hearing aids, e.g. an
invisible-in-canal (IIC), completely-in-canal (CIC), in-the-
canal (ITC), in-the-ear (ITE), or even used for both in-ear
types and larger hearing aids such as receiver-in-ear
(RIE), microphone-and-receiver-in-ear (MaRIE), and be-
hind-the-ear (BTE) hearing aid. Another advantage of
the open construction charger is the simplicity of the de-
sign.

[0077] If the magnetic engagement between the first
and second magnetic components 23, 29 allows the
hearing device 1 to be positioned in the charger 25 in
multiple ways the hearing device 1 and charger 25 may
have an indicator to further aid the user in reproducibly
placing the hearing device 1 correctly in the charger 25.
For example, in the embodiment shown in fig. 5, the mag-
netic components attract each other and the magnetic
force between them may have rotational symmetry with
respect to the normal of the faceplate surface. In this
case, to aid the user, the hearing device 1 and/or the
charger 25 may have an indicator, e.g. visual, textual,
etc., to indicate how the hearing device 1 should be ro-
tated while the magnetic components are engaged mag-
netically for the induction coils to be aligned sufficiently.
Alternatively, or additionally, the hearing device 1 and/or
charger 25 may provide the user with a visual and/or
audible signal to alert and/or inform the user, e.g. when
the induction coils 3, 27 are in position for charging, com-
mencing or halting charging, status of charging, etc. For
example, one or more LEDs on the charger 25 and/or on
the hearing device 1 may light up to indicate charging
and possibly how much the hearing device 1 has been
recharged.

[0078] FIG. 6 schematically illustrates a wirelessly re-
chargeable hearing device 1 according to some embod-
iments, wherein the first magnetic component 23 is po-
sitioned in-between the receiver coil 3 and the recharge-
able battery 11, and configured such that it can engage
magnetically with a magnetic component in a charger in
a direction that is parallel to, or close to being parallel to,
the coil axial centreline 5 of the receiver coil 3, which is
the direction of optimal induction coupling. In the embod-
iment shown in fig. 6 the battery 11 may be a button cell
battery and the receiver coil 3 is placed adjacent to a
terminal of the rechargeable battery 11, where the battery
is placed with its side to, such as parallel to and/or adja-
cent to, the faceplate surface 17.

[0079] An advantage of this sandwich construction of
the first magnetic component 23 and the induction coil 3
is its compactness, which makes it particularly useful in
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smaller hearing devices 1. Additionally, the function of
the receiver coil magnetic shielding 21a may be per-
formed by the first magnetic component 23, so that a
single element provides both beneficial functions, see
also Fig. 8. Further, the first magnetic component 23 is
configured to attract, and/or be attracted by, a second
magnetic component in the charger, and the magnetic
engagement acts to pull the two induction coils towards
each other, thus aiding in the placement and alignment
of the two induction coils for inductive charging.

[0080] However, the sandwich construction of the first
magnetic component 23 and the induction coil 3 may
cause "noise" in the charging field due to the static mag-
netic field between the first magnetic component 23 and
a second magnetic component 29 in a charger 25. Ad-
vantageously, the induction coils used in these embodi-
ments could be configured according to the NFC stand-
ard, wherein the charging is more robust against such
"noise". Further, the first and second magnetic compo-
nents 23 and 29 may be configured to have a weaker
magnetic field in an area around the coil axial centreline
5 to reduce noise in the charging field caused by the
magnetic field from the components 23, 29 as exempli-
fied in the description of fig. 7.

[0081] FIG. 7 schematically illustrates a wirelessly re-
chargeable hearing device 1 placed at or in a charger 25
forawirelessly rechargeable hearing device. The hearing
device 1 may be a hearing device 1 similar to the hearing
device shown in fig. 6.

[0082] The hearing device 1 has a first magnetic com-
ponent 23, which is positioned in-between the receiver
coil 3 and the rechargeable battery 11, and which is con-
figured such that it can engage magnetically with a sec-
ond magnetic component 29 in the charger 25 in a direc-
tion that is parallel to, or close to being parallel to, the
coil axial centreline 5 of the receiver coil 3. The second
magnetic component 29 in the charger 25 is similarly
configured such that it can engage magnetically with the
first magnetic component 23 in the hearing device 1 so
as to pull at each other in a direction that is parallel to,
or close to being parallel to, the coil axial centreline 5 of
the transmitter coil 27. Advantageously, with this config-
uration the magnetic force between the first and second
magnetic components 23, 29 in the hearing device 1 and
in the charger 25 acts to pull the two induction coils to-
gether in the direction of induction coupling.

[0083] The magnetic force between the first and sec-
ond magnetic components 23, 29 may have rotational
symmetry, e.g. around the coil axial centreline 5 of the
induction coils, for example by one magnetic component
being a permanent magnet and the other a magnetic ma-
terial, or if both are permanent magnets arranged so as
to have opposite magnetic poles pointing towards each
other.

[0084] Alternatively, the magnetic force between the
first and second magnetic components 23, 29 could lack
rotational symmetry when the hearing device 1 is placed
at or in the charger 25 as shown in fig. 7. For example,
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both the first and second magnetic components 23, 29
could be permanent bar magnets arranged with their
magnetic poles pointing in directions close to parallel
such that the magnetic north of one magnet attracts the
magnetic south of the other magnet, while the magnetic
norths of the two magnets will repel each other, i.e. with
the bar magnets arranged in antiparallel. Thus, the bar
magnets are placed in parallel with the induction coils 3,
27, i.e. perpendicular to the coil axial centreline 5. Ad-
vantageously, in such an arrangement the magnetic field
line density in the space between the bar magnets is
lower, while it is higher near the poles, which means that
the magnetic field from the bar magnets 23, 29, which
can cause noise in the chargingfield, is lower in the charg-
ing space between the induction coils 3, 27. A similar
configuration to remove rotational symmetry may be
used in other embodiments.

[0085] FIG. 8 schematically illustrates a wirelessly re-
chargeable hearing device 1, such as an in-ear hearing
device, placed at or in a charger 25 for a wirelessly re-
chargeable hearing device in accordance with some em-
bodiments of the invention. The charger 25 has an L-
shaped casing similar to the charger in fig. 5.

[0086] As inthe embodiment shown in fig. 7, the hear-
ing device 1 has a first magnetic component 23, which
is positioned in-between the receiver coil 3 and the re-
chargeable battery 11, and which is configured such that
it can engage magnetically with a magnetic component
in the charger 25 in a direction that is parallel to, or close
to being parallel to, the coil axial centreline 5 of the re-
ceiver coil 3. A second magnetic component 29 in the
charger 25 is similarly configured such that it can engage
magnetically with the first magnetic component 23 in the
hearing device 1 in a direction that is parallel to, or close
to being parallel to, the coil axial centreline 5 of the trans-
mitter coil 27. In contrast to the embodiment shown in
fig. 7, the receiver coil magnetic shielding 21a is placed
behind the first magnetic component 23 to make a
"shielding-magnetic component-coil" sandwich con-
struction.

[0087] The hearing device 1infig. 8 has a further mag-
netic component, a third magnetic component 33, which
is positioned in the faceplate 15 and which can magnet-
ically engage with a further magnetic component in the
charger 25, a fourth magnetic component 35. Having
more than one magnetic componentin the hearing device
1 and/or in the charger 25 may provide advantages such
as even better positioning for the induction charging, a
stronger hold on the hearing device 1 in the charger 25,
etc.

[0088] The magnetic components in the hearing de-
vice 1 or those in the charger 25, do not need to be the
same type, but could be configured according to their
primary function. For example, the third and fourth mag-
netic components 33, 35 could both be permanent mag-
nets to provide a strong hold of the hearing device 1
against gravity (arrow marked g), while the first magnetic
component 23 could be a plate of magnetic material, i.e.
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not a magnet itself, and the second magnetic component
29 a weaker permanent magnet as the magnetic force
does not need to be strong enough to hold the weight of
the hearing device 1 in place at or in the charger 25, but
merely strong enough to keep the induction coils posi-
tioned for charging. Advantageously, in such an arrange-
ment the magnetic field line density in the space between
the first and second magnetic components 23, 29, which
is also atleastin part the conductive charging space, can
be configured to be lower than if the magnetic engage-
mentbetween the firstand second magnetic components
23, 29 has to be strong enough to hold the weight of the
hearing device 1, thereby reducing the noise caused by
the magnetic fields.

[0089] Generally, the first and second magnetic com-
ponents 23, 29 do not need to be placed "behind" the
induction coils 3, 27, i.e. on the side not facing towards
the other induction coil, but could for example be placed
around or "in front" of the induction coils. For example,
one or both of the first and second magnetic compo-
nent(s) 23, 29 could be ring-shaped and be placed such
that the induction coil 3, 27 is positioned within the ring.
In all embodiments, there is a trade-off that will need to
be resolved between positioning versus available space,
and between the magnetic field created by the magnetic
components and its possible disruption of the induction
charging process. An advantage of using induction coils
configured according to the NFC standard in embodi-
ments of the wirelessly rechargeable hearing device 1 is
that this configuration is better able to handle "noise",
such as the noise from a static magnetic field created by
one or more of the magnetic components 23, 29, 33, 35.
[0090] FIG. 9 schematically illustrates a wirelessly re-
chargeable hearing device 1 placed at or in a charger 25
for a wirelessly rechargeable hearing device in accord-
ance with some embodiments of the invention. The hear-
ing device 1 is an in-ear hearing device and is seen from
a direction that is normal to the faceplate 15 looking di-
rectly at the faceplate surface 17.

[0091] The faceplate 15 will, in some models of in-ear
hearing devices, comprise one or more microphone
openings and possibly buttons, switches, etc. with which
the user can interact with the hearing device, for example
to change settings and/or turn the hearing device on/off.
In contrast, the hearing device sidewalls 19 will usually
not contain buttons or switches as these would often be
difficult for the user to reach when the in-ear hearing de-
vice is in place in the user’s ear canal. Further, an in-ear
hearing device 1 may have a means for aiding the user
in the removal of the in-ear hearing device 1, e.g. a pull-
out wire 13.

[0092] For such a hearing device 1 it may not be pos-
sible, or at least not desirable, to place the faceplate sur-
face 17 against a surface of a charger casing due to the
buttons, wire, etc. sticking out, when the hearing device
1 is to be recharged. A solution to this is to have the
magnetic coupling between the magnetic components
act primarily thorough a sidewall of the hearing device 1.
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[0093] Inthe embodimentshown infig. 9, the first mag-
netic component 23 is positioned adjacent to a side of
the button cell rechargeable battery 11, and adjacent to
a hearing device sidewall, while the receiver coil 3 is po-
sitioned adjacentto a terminal of the rechargeable battery
11, where the button cell battery 11 is positioned with its
side towards the faceplate surface 17. Thus, as in the
hearing device 1 embodiment shown in fig. 1, the first
magnetic component 23 is in a suitable position for it to
be configured to be able to engage magnetically with the
magnetic component 29 in the charger in a direction that
is perpendicular, or close to being perpendicular, to the
coil axial centreline 5 of the receiver coil 3, i.e. perpen-
dicular to, or close to perpendicular to, the direction of
optimal induction coupling.

[0094] FIG. 10 schematically illustrates a wirelessly re-
chargeable hearing device 1, such as an in-ear hearing
device, placed at or in a charger 25 for a wirelessly re-
chargeable hearing device in accordance with some em-
bodiments of the invention. The charger 25 is similar to
the embodiment shown in fig. 8 in that both the hearing
device 1 and the charger 25 each have two magnetic
components 23, 29, 33, 35.

[0095] In contrast to the embodiment shown in fig. 8,
the charger 25 has a U-shaped charger casing 31 with
the transmitter coil 27 positioned in one leg, the second
magnetic component 29 positioned in the other leg and
the fourth magnetic component 35 positioned in a middle
section between the two legs. The two legs may in this
embodiment be parallel to each other or approximately
parallel to each other. Furthermore, the first magnetic
component 23 is not placed adjacent to the receiver coil
3, and in-between the receiver coil 3 and the recharge-
able battery 11, but instead on the opposite side of the
battery 11, so that the battery is in-between the receiver
coil 3 and the first magnetic component 23.

[0096] In this configuration, the possible adverse effect
of the magnetic components is diminished as none of the
magnetic components are placed close to the induction
coils 3, 27. Further, a receiver coil magnetic shielding
21a is positioned next to the receiver coil 3 and may be
further configured to diminish the effects of the magnetic
components 23, 29, 33, 35 on the induction coils 3, 27
and the charging field.

[0097] The magnetic components in the hearing de-
vice 1 or those in the charger 25, do not need to be the
same type, but could for example be configured accord-
ing to their primary function. For example, the third and
fourth magnetic components 33, 35 could both be per-
manent magnets to provide a strong hold of the hearing
device 1 against gravity, while the first magnetic compo-
nent 23 could be a plate of magnetic material, i.e. not a
magnet itself, and the second magnetic component 29 a
weaker permanent magnet as the magnetic force does
not need to be strong enough to hold the hearing device
1 in place in the charger 25, but merely strong enough
to keep the induction coils positioned for charging.
[0098] FIG. 11 schematically illustrates a wirelessly re-
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chargeable hearing device 1, such as an in-ear hearing
device, placed at or in a charger 25 for a wirelessly re-
chargeable hearing device in accordance with some em-
bodiments of the invention. The hearing device 1 and
charger 25 are similar to the embodiments in fig. 5, but
instead of a charger 25 that may be suitable for example
for hanging on a wall, the charger in fig. 11 is illustrated
as a base charger, which rests on a surface.

[0099] The charger 25 is L-shaped and has an inden-
tation 37 in one of the legs in which part of the hearing
device 1, in fig. 11 part of the faceplate 15, fits. The first
and second magnetic components 23, 29 are positioned
such that the magnetic force primarily acts through an
indentation charger surface 41 within the indentation 37
and through the faceplate surface 17.

[0100] In this configuration of the charger 25, the user
is further aided in the placement of the hearing device 1
in the charger 25 by the indentation. A part of the hearing
device 1 may be able to rest against a sidewall of the
charger casing 20, e.g. such as against a part of the in-
dentation charger surface 41 in the indentation 37 and/or
against another sidewall of the charger 25, such as
against the charger gap sidewall 43, which is discussed
below. In such as configuration, where part of the hearing
device 1is atleast partly resting on a surface of the charg-
er 25, the magnetic force generated by the magnetic com-
ponents 23, 29 need not be strong enough to hold the
weight of the entire hearing device 1 against gravity.
[0101] The charger 25 may be configured to work with
a plurality of hearing devices 1 such as different types of
hearing devices 1, or different customizations of a hear-
ing device 1. For example, the charger 25 shown in fig.
11 is configured to work with a plurality of custom hearing
devices, which are each individually shaped to fit a par-
ticular user. Such customization results in the different
custom hearing device 1 having different sizes and/or
shapes of at least part of the hearing device 1, often in
particular some of the in-ear part 18 that sits entirely in
the users ear canal EC during use, e.g. the hearing device
sidewalls 19 and/or the faceplate surface 17 may be
shaped at least partially after the users ear canal EC.
Standardizing a charger 25 for use with custom hearing
devices 1 therefore requires a design whereby larger-
sized custom hearing devices fit within the charger 25,
while the charger 25 must still also work with the smaller-
sized hearing devices. This may be achieved by having
the charger 25 configured such that for some hearing
devices 1, when placed in or at the charger for charging,
there will be a gap 39 between a hearing device gap
sidewall 45 and a charger gap sidewall 43 to allow for
hearing devices 1 having a different size and/or shape
to fit into the same charger 25. In the embodiment in fig.
11 this is achieved by an indentation height 47 between
the charger gap sidewall 43 and the indentation 37. The
size of the indentation height 47 may be determined by
a study of fit customizations already performed, i.e.
based on known shapes on custom hearing devices. For
example, the fit study could be done to ensure that even

10

15

20

25

30

35

40

45

50

55

1"

the biggest hearing devices willbe able tofitin the charger
25, such as the L-shaped charger 25 of fig. 11 or the U-
shaped charger 25 of fig. 10. However, to obtain a smaller
and/or a more aesthetically pleasing charger, the design
of the charger 25 may alternatively neglect some of the
largest previously produced custom hearing devices in
the fit study such that the end-product charger 25 will
only fit some, preferably most, but not all the previously
produced custom hearing devices.

[0102] FIG. 12 schematically illustrates a wirelessly re-
chargeable hearing device 1 placed at or in a charger 25
for a wirelessly rechargeable hearing device in accord-
ance with some embodiments of the invention. The hear-
ing device 1 is a hearing device primarily worn on the
outside of the user’s ear. It has a behind-the-ear part 49
made to be positioned behind the ear of the user, an in-
the-ear part 51 positioned within the ear of the user during
use, and a tube 53 connecting the behind-the-ear part
49 and the in-the-ear part 51. The hearing device may
be a hearing aid and may be one of the hearing aids
known as a receiver-in-ear (RIE), a microphone-and-re-
ceiver-in-ear (MaRIE), or a behind-the-ear (BTE) hearing
aid. The drawingillustrates both the outline of the hearing
device 1 as well as some of the internal components in
a partially transparent view.

[0103] To protect the components within the hearing
device 1, the hearing device 1 is designed to keep out
ear wakx, dirt, water, oil etc. The behind-the-ear part 49
is made up of one or more hearing device sidewalls 19,
which are sealed so as to keep out dirt, water, sweat, oil,
etc., and the part of the in-the-ear part 51, which sits in
the user’s ear during use, must additionally be designed
to withstand the environment of the ear and the ear canal,
which comprises e.g. ear wax.

[0104] The behind-the-ear part 49 will have one or
more microphone openings and possibly buttons, switch-
es, etc. with which the user can interact with, for example
to change settings and/or turn the in-ear hearing device
1 on/off. Thus, in contrast to in-ear hearing devices, the
one or more hearing device sidewalls 19 of the type of
hearing device 1 of fig. 12 may contain microphones,
buttons, switches, etc.

[0105] The hearing device 1 has hearing device com-
ponents arranged within the behind-the-ear part 49, such
as electronics 7, where the electronics 7 may be elec-
tronic components and circuits that create, process,
and/or cancel audible sound. The receiver 9, and possi-
bly one or more microphones, is arranged in the in-the-
ear part 51 such that it is close to the eardrum ED of the
user when the in-the-ear part 51 is inserted into the user’s
ear canal EC. Additionally, the in-the-ear part 51 may
also comprise electronics 7.

[0106] To supply power to electronic components 7
within the hearing device 1, the hearing device 1 has a
rechargeable battery 11, which is recharged by inductive
charging. To this end, the hearing device 1 has inductive
charging circuitry comprising a receiver coil 3 and circuit-
ry for rectifying the alternating current induced in the re-
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ceiver coil 3 during operation. The receiver coil 3 is com-
prised of a copper layer (horizontal line pattern)ona PCB
(angled line pattern) with a receiver coil magnetic shield-
ing 21a (black rectangle) made of e.g. ferrite. The receiv-
er coil magnetic shielding 21a acts to concentrate the
magnetic field created during induction to the inductive
coil instead of wasting energy, e.g. by heating of the sur-
rounding components such as the battery 11. Further, a
magnetic shielding may be positioned and configured
such that the potential adverse effect of the magnetic flux
on other components of the hearing device is diminished.
A transmitter coil magnetic shielding 21b may similarly
be placed in relation to a transmitter coil 27 in a charger
25 for the wirelessly rechargeable hearing device 1.
[0107] The charger 25 has inductive charging circuitry
with a transmitter coil 27, which is configured to be able
to inductive couple to the receiver coil 3 in the hearing
device 1. The transmitter coil 27 is comprised of a copper
layer (horizontal line pattern) on a PCB (angled line pat-
tern) with a transmitter coil magnetic shielding 21b (black
rectangle) made of e.g. ferrite. The induction coils 3, 27,
i.e. the receiver coil 3 and the transmitter coil 27, will be
configured to operate at one or more frequency ranges
and they may be configured according to a standard of
wireless power transfer, such as e.g. the Near Field Com-
munications (NFC) standard, or the Qi standard. An ad-
vantage of using induction coils configured according to
the NFC standard is that this configuration is better able
to handle "noise", such as the noise from a static mag-
netic field created by one or more of the magnetic com-
ponents 23, 29. Both the receiver coil 3 and the trans-
mitter coil 27 are positioned close to an outer surface so
they can get close enough to each other to allow for ef-
ficient wireless charging.

[0108] Tofacilitate reproducible placementof the hear-
ing device 1 in or at the charger 25 such that the induction
coils 3, 27 are aligned sufficiently for induction charging,
the hearing device 1 has a first magnetic component 23
and the charger has a second magnetic component 29.
The first and second magnetic components 23, 29 are
configured to magnetically engage with each other. The
firstmagnetic component 23 may, for example, be a mag-
net, and the second magnetic component 29 in the charg-
er 25 could be a magnetic material or it could also be a
magnet. If the first magnetic component 23 is not mag-
netic itself, the second magnetic component 29 in the
charger 25 alone will have to provide the magnetization
necessary for the two components to magnetically en-
gage. The first and second magnetic components 23, 29
may be any suitable shape e.g. abar, arectangular plate,
or a disc.

[0109] Inthe embodimentshown infig. 12, the firstand
second magnetic component 23, 29 are configured such
that they will attract each other. The first magnetic com-
ponent 23 and the receiver coil 3 are positioned adjacent
to the rechargeable battery 11 in a sandwich construction
with the first magnetic component 23 positioned in-be-
tween the battery 11 and the receiver coil 3. The second
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magnetic component 29 in the charger 25 is likewise po-
sitioned "behind" the transmitter coil 27 with respect to
the wireless charging space in-between the two induction
coils 3, 27.

[0110] Thus, the magnetic engagement acts to pull the
two induction coils towards each other, aiding in the
placement and alignment of the two induction coils for
inductive charging. However, the sandwich construction
of a magnetic component 23, 29 and an induction coil 3,
27 may cause "noise" in the charging field due to the
static magnetic field between the first and second mag-
netic components 23, 29. Advantageously, the induction
coils used in these embodiments could be configured
according to the NFC standard, wherein the charging is
more robust against such "noise". Further, the magnetic
components 23 and 29 may be configured to have a
weaker magnetic field in an area around the coil axial
centreline 5 to reduce noise in the charging field caused
by the magnetic field from the first and second magnetic
components 23, 29, for example the magnetic compo-
nents 23, 29 may be ring-shaped with a hole inside, the
ring being centred on or close to the axial centrelines of
the induction coils 3, 27.

[0111] Inthe embodiment showninfig. 12, the charger
25 has an L-shaped charger casing 31 with the transmit-
ter coil 27 and the second magnetic component 29 po-
sitioned in one leg, while the other leg may form a stand
to allow the charger 25 to be positioned on a surface,
e.g. on a table or shelf. Alternatively, or additionally, the
charger 25 may be configured for placement on a wall.
The two legs may in this embodiment be perpendicular
to each other or approximately perpendicular to each oth-
er. When the hearing device is placed in or close to the
corner,i.e.the innercorner, of the two legs of the charger,
the first and second magnetic components 23, 29 mag-
netically engage, which aids the user in correct, repro-
ducible placement of the hearing device atorin the charg-
er such that the induction coils are in position for wireless
charging.

[0112] The magnetic force between the first and sec-
ond magnetic components 23, 29 may be strong enough
to hold the hearing device 1 against gravity (arrow
marked g), e.g. such that the hearing device 1 can "hang"
in the charger 25 with a gap 39 between the hearing
device 1 and a part of the charger. An advantage of this
type of "open" construction charger, which is minimally
shaped to the shape of a hearing device 1, is that it can
more easily be designed to be used with a plurality of
hearing devices of different types. For example, the same
charger may be used for different models of hearing de-
vices, such as different types of hearing devices worn
primarily on the outside of the user’s ear, and/or the
charger may be configured to also work with in-ear mod-
els of hearing devices.

[0113] If the magnetic engagement between the first
and second magnetic components 23, 29 allows the
hearing device 1 to be positioned in the charger 25 in
multiple ways the hearing device 1 and charger 25 may
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have an indicator to further aid the user in reproducibly
placing the hearing device 1 correctly in the charger 25.
[0114] FIG. 13 schematically illustrates a wirelessly re-
chargeable hearing device 1 placed at or in a charger 25
for a wirelessly rechargeable hearing device in accord-
ance with some embodiments of the invention. The hear-
ing device 1 is a hearing device primarily worn on the
outside of the user’s ear similar to the hearing device
shown in fig. 12. However, the hearing device 1 shown
in fig. 13 has the first magnetic component 23 positioned
such that it is perpendicular, or close to perpendicular,
to the coil axial centreline 5 of the receiver coil 3, i.e.
perpendicular to, or close to perpendicular to, the direc-
tion of optimal induction coupling. An advantage of this
configuration of the magnet engagement and the induc-
tion coupling is that it simplifies configuration of the mag-
netic components and induction coils to ensure that the
effects of the magnetic flux from the magnetic compo-
nents does not significantly diminish the efficiency of the
induction charging.

[0115] This configuration of the receiver coil 3 and the
first magnetic component 23 in the hearing device 1 pos-
es design requirements on the charger 25 for the hearing
device 1. In the embodiment shown in fig. 13, the charger
25 is an L-shaped charger similar to the charger shown
in fig. 12, but with the transmitter coil 27 in one leg and
second magnetic component 29 in the other leg of the
charger 25. The first and second magnetic components
23, 29 are configured such that they will attract each oth-
er.

[0116] If the magnetic engagement between the first
and second magnetic components 23, 29 allows the
hearing device 1 to be positioned in the charger 25 in
multiple ways the hearing device 1 and charger 25 may
have an indicator to further aid the user in reproducibly
placing the hearing device 1 correctly in the charger 25.
Alternatively, or additionally, further magnetic compo-
nents in the hearing device 1 and charger 25 such as a
third and a fourth magnetic component may be used to
further aid the user in placement of the hearing device 1
in the charger 25.

[0117] FIG. 14 schematically illustrates a wirelessly re-
chargeable hearing device 1 placed at or in a charger 25
for a wirelessly rechargeable hearing device in accord-
ance with some embodiments of the invention. The hear-
ing device 1 and charger 25 are similar to those shown
in fig. 10 except for the position of the third and fourth
magnetic components 33, 35. The third magnetic com-
ponent 33 is positioned adjacent to the receiver coil 3
and the fourth magnetic component 35 is positioned ad-
jacent to the transmitter coil 27.

[0118] In this embodiment, the first and second mag-
netic components 23, 29 attract each other, the third and
fourth magnetic components 33, 35 attract each other,
the first 23 and fourth 35 magnetic components repel
each other, and the second 29 and third 33 magnetic
components repel each other when the hearing device
1is positioned in the charger 25 with its faceplate towards
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the middle section of the charger between the two legs.
Thus, all four magnetic components 23, 29, 33, 35 are
magnets such that they are able to either attract or repel
each other depending on their relative positions. The first
and second magnetic components 23, 29 can be said to
be paired, and likewise the third and fourth magnetic com-
ponents 33, 35. Thus, there will be an increasing attrac-
tive force between the paired magnetic components the
more aligned the paired magnets (and thereby the induc-
tion coils 3, 27) are, and an increasing repulsion the clos-
er the unpaired magnetic components get to each other.
[0119] Alternatively, only three of the four magnetic
components 23, 29, 33, 35 have an inherent magnetisa-
tion such that they are able to either attract or repel each
other depending on their relative positions. For example,
the first and second magnetic components 23, 29 may
attract each other, the third and fourth magnetic compo-
nents 33, 35 may attract each other, and the first 23 and
fourth 35 magnetic components may repel each other.
Either the second magnetic component 29 or the third
magnetic component 33 will then be a magnetic material
and not a magnet. Compared to the configuration where
all four magnetic components 23, 29, 33, 35 are magnets,
there will still be an increasing attractive force between
the paired magnetic components the more aligned the
paired magnets (and thereby the induction coils 3, 27)
are, and a repulsion between the unpaired magnets.
However, in the same configuration where the repulsion
between the unpaired magnets increases, there will also
be an attraction between the component that is a mag-
netic material and a magnet. However, by configuring
the relative strengths of the attraction and repulsion the
desired net result of facilitating the inductive coupling be-
tween the receiver coil 3 and the transmitter coil 27, i.e.
aiding in the alignment of the induction coils 3, 27, can
be achieved.

[0120] In any of the configurations, each pair of mag-
netic components, i.e. the first and second magnetic
components 23, 29, and the third and fourth magnetic
components 33, 35, may have or be implemented in the
hearing device 1 and the charger 25 such that the mag-
netic field strength between the components in a pair is
different from the magnetic field strength between the
components in the other pair, so that e.g. the first and
second magnetic components 23, 29 has a stronger
magnetic field between them than the third and fourth
magnetic components 33, 35. This may additionally aid
correct, reproducible placement of the hearing device 1
atorinits charger 25 by pulling the hearing aid 1 towards
one of the legs in the U-shaped charger, i.e. in the direc-
tion in which the resultant magnetic force is strongest, in
fig. 14 towards the leg of the charger 25 comprising the
second magnetic component 29. Alternatively, and in
some embodiments preferably, the third and fourth mag-
netic components 33, 35 may have a stronger magnetic
field between them than the first and second magnetic
components 23, 29, so that the hearing device 1 is pulled
towards the leg of the charger 25 comprising the fourth
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magnetic component 35.

[0121] The larger the two induction coils 3, 27 are, the
less significance a deviation from a coaxial alignment
has. In an in-ear hearing device 1 as shown in fig. 14,
the size of the receiver coil 3 is to a large degree deter-
mined by the available space within the hearing device
1. The transmitter coil 27 in the charger, however, does
not have the same severe constraintand advantageously
has a larger diameter than the receiver coil 3.

[0122] As the in-ear hearing devices 1 are mostly
shown as a cut-away illustration perpendicular to the
faceplate surface 17 of the stylised in-ear hearing device
1, the magnetic components 23, 29, 33, 35 and the in-
duction coils 3, 27, for ease of illustration, are shown as
being in that cut-away plane. However, the magnetic
components 23, 29, 33, 35 and the induction coils 3, 27
may be positioned elsewhere and at other angles to the
cut-away plane of illustration as long as the relative po-
sitions and functions facilitate the inductive coupling be-
tween the receiver coil 3 and the transmitter coil 27, i.e.
aid in the alignment of the induction coils 3, 27.

LIST OF REFERENCES

[0123]

1 Wirelessly rechargeable hearing device
3 Receiver coil

5 Induction coil axial centreline

7 Hearing device electronics

9 Receiver

11 Rechargeable battery

13 Pull-out wire

15 Faceplate

17 Faceplate surface

18 In-ear part of hearing device sidewall
19 Hearing device sidewall

20 Charger sidewall

21a  Receiver coil magnetic shielding
21b  Transmitter coil magnetic shielding
23 First magnetic component

25 Charger

27 Transmitter coil

29 Second magnetic component
31 Charger casing

33 Third magnetic component

35 Fourth magnetic component
37 Indentation

39 Gap

41 Indentation charger surface
43 Charger gap surface

45 Hearing device gap surface

47 Indentation height
49 Behind-the-ear part
51 In-the-ear part

53 Tube
EC Ear canal
ED Eardrum
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g

Direction of gravity

Claims

1.

A wirelessly rechargeable hearing device (1)
comprising:

- a rechargeable battery (11), and

- inductive charging circuitry comprising a re-
ceiver coil (3) configured for inductive coupling
to a transmitter coil (27) in a charger (25),

wherein the hearing device (1) further comprises a
first magnetic component (23) configured to magnet-
ically engage with a second magnetic component
(29) comprised in the charger (25) in such a way as
to facilitate inductive coupling between the receiver
coil (3) and the transmitter coil (27).

A wirelessly rechargeable hearing device according
to claim 1, wherein the firstmagnetic component (23)
is a magnetic material, or a magnet.

A wirelessly rechargeable hearing device according
to any of the previous claims, wherein the first mag-
netic component (23) is shaped so as to at least par-
tially follow an outer surface of the rechargeable bat-

tery (11).

A wirelessly rechargeable hearing device according
to any of the previous claims, wherein the first mag-
netic component (23) is an integral part of the re-
chargeable battery (11).

A wirelessly rechargeable hearing device according
to any of the previous claims, wherein the hearing
device (1)isanin-ear hearing device, such as a com-
pletely-in-the-canal hearing aid.

A wirelessly rechargeable hearing device according
to any of the previous claims, wherein the inductive
charging circuitry is further configured according to
a standard of wireless power transfer, such as the
Near Field Communications (NFC) standard, or the
Qi standard.

A wirelessly rechargeable hearing device according
to any of the previous claims, wherein the receiver
coil (3) is positioned adjacent to the rechargeable
battery (11).

A wirelessly rechargeable hearing device according
to any of the previous claims, wherein the receiver
coil (3) is positioned adjacent to a side of the re-
chargeable battery (11), or the receiver coil (3) is
positioned adjacent to a terminal of the rechargeable
battery (11).
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A wirelessly rechargeable hearing device according
to any of the previous claims, wherein the first mag-
netic component is configured to be able to engage
magnetically with the second magnetic component
(29) in a direction that is at an angle of between 75
to 105 degrees, such as between 80 to 100 degrees,
such as between 85 to 95 degrees, to the axial cen-
treline (5) of the receiver coil (3).

A wirelessly rechargeable hearing device according
to any of claims 1 to 9, wherein the first magnetic
component (23) is configured to be able to engage
magnetically with the second magnetic component
(29) in a direction that is at an angle of between -15
to 15 degrees, such as between -10 to 10 degrees,
such as between -5 to 5 degrees, to the axial cen-
treline (5) of the receiver coil (3).

A wirelessly rechargeable hearing device according
to any of the previous claims, wherein the first mag-
netic component (23) is positioned in-between the
receiver coil (3) and the rechargeable battery (11).

A charger (25)fora wirelessly rechargeable hearing
device (1), the charger (25) comprising a transmitter
coil (27) configured for inductive coupling to a receiv-
er coil (3) in the hearing device (1), and wherein the
charger (25) further comprises a second magnetic
component (29) configured to magnetically engage
with a first magnetic component (23) comprised in
the hearing device (1) in such a way as to facilitate
inductive coupling between the receiver coil (3) and
the transmitter coil (27).

A charger according to claim 12, wherein the second
magnetic component (29) is a magnetic material, or
a magnet.

A system comprising a wirelessly rechargeable
hearing device (1) and a charger (25), wherein the
wirelessly rechargeable hearing device (1) is a hear-
ing device (1) according to any of claims 1 - 11, and
the charger (25) is a charger according to any of
claims 12- 13, and wherein the firstand second mag-
netic components (23, 29) and the induction coils (3,
27) are configured to facilitate placement of the hear-
ing device (1) in the charger (2) in such a way that
the induction coils (3, 27) are able to couple induc-
tively.

A system according to claim 14, wherein the receiver
coil (3) diameter is smaller than the transmitter coil
(27) diameter.
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claims: 1-4, 12-15

Wirelessly rechargeable hearing device
of the recharging arrangement. Charger

claim: 5

Wirelessly rechargeable hearing device
volume.

claim: 6

Wirelessly rechargeable hearing device
communication capabilities.

claims: 7, 8, 11

Wirelessly rechargeable hearing device
volume.

claim: 9

Wirelessly rechargeable hearing device
arrangement between the hearing device
during recharging at 90 degrees.

claim: 10

Wirelessly rechargeable hearing device
arrangement between the hearing device
during recharging at 0 degrees.

having reduced volume

for the same.

having reduced

having wireless

having optimised

having stable
and the charger

having stable
and the charger
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