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Description

TECHNICAL FIELD

[0001] The disclosure relates to a hearing device in-
cluding a first portion adapted for being arranged behind
an ear of a user, and where the first portion is coupled
to a coupling element being part of an external antenna
part.

BACKGROUND

[0002] Hearing aids for compensating awearer’s hear-
ing loss are well known. The present description is par-
ticularly related to such kinds of hearing devices. How-
ever, the content of the present description may also be
implemented in other types of hearing devices, hearing
instruments or hearing aids which comprise a connecting
element between two physical parts of the device, e.g. a
headset, a headphone, ear protection plugs, etc. In the
following the terms "hearing device" or "hearing aid" refer
to devices in general which are related to providing an
acoustic signal to a user’s ear.

[0003] Hearing devices, in particular hearing aids, are
very dense applications, and when integrating wireless
applications, it may sometimes be difficult to find suffi-
cient space for required or desired antenna components.
[0004] Itis widely known that an integration of wireless
systems into hearing instruments requires integration of
antenna structures as well, if bulky external antenna so-
lutions are to be avoided. The efficiency of the antenna
and the wireless system is important, as low battery con-
sumption is commonly a design parameter. Various con-
figurations of hearing aids as examples of hearing devic-
es are known, such as cochlear, in-the-ear (ITE), com-
pletely-in-canal (CIC), behind-the-ear (BTE), and receiv-
er-in-the-ear (RITE) (the latter sometimes termed 'receiv-
erin the canal’).

[0005] The efficiency and bandwidth of antennas for
electro-magnetic fields depend strongly on the size rel-
ative to a wavelength of the signal or field. However, com-
mon hearing instruments are typically much smaller than
the wavelength in the appropriate frequency bands,
which has a disadvantageous effect on the efficiency and
bandwidth of the antennas build into the common hearing
devices.

[0006] In document WO 2015/127972A1 discloses
hearing instrument comprising an ITE unit to be worn at
least in part in a user’s ear canal and including a micro-
phone arrangement for capturing audio signals, an audio
signal processing unit for processing the captured audio
signals, and a loudspeaker arrangement for stimulating
a user’s hearing according to the processed audio sig-
nals; a BTE unit to be worn behind a user’s ear and in-
cluding a power source, and an RF transceiver for audio
signal / data transmission within a carrier frequency
range; a wire connection extending between the BTE unit
and the ITE unit for supplying the ITE unit with power
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from the power source and for enabling signal exchange
between the transceiver and the ITE unit; and an antenna
connected to the transceiver and forming part of the BTE
unit or of the wire connection. A signal line is connected
via a RF decoupling network to an audio signal process-
ing unit, which acts as a low pass filter for electrically
decoupling the signal line from the audio signal process-
ing unit at RF frequencies, in particular at frequencies
within a carrier frequency range, in order to avoid noise
in the audio signal path resulting from RF antenna sig-
nals.

[0007] Additionally, an antenna of for example a RITE
hearing device may comprise multiple electrically con-
ducting elements. The electrically conducting elements
being part of the antenna may have multiple other pur-
poses, such as transmitting data and/or audio and/or
power to a second portion of the hearing device or to an
external part of the hearing device. In this case, each of
the electrically conducting elements have to be connect-
ed to a decoupler, such as a coil, and when adding more
electrically conducting elements to the antenna the band-
width of the antenna decreases due to the decouplers
connected to each of the electrically conducting ele-
ments. Furthermore, the size of the hearing device be-
come more bulky due to the increased number of decou-
plers.

SUMMARY

[0008] An object of the present disclosure is to provide
an antenna within a hearing device, where it is possible
to increase the number of electrically conducting ele-
ments being part of the antenna and still keep the band-
width unaffected by the number of electrically conducting
elements.

[0009] A further object of the present disclosure is to
provide a solution to the previous object without increas-
ing the size of the antenna, and thereby, the size of the
hearing device is more or less unaffected by the increase
number of electrically conducting elements.

[0010] Objects of the present disclosure are achieved
by the presentdisclosure described in the accompanying
claims and as described in the following.

[0011] An object of the present disclosure is achieved
by a hearing device comprising a housing configured to
be positioned behind the ear of a user, and an output
transducer configured to be arranged at least partly in
the ear canal of said user, an coupling element configured
to provide a mechanical connection between the in-the-
ear part and the behind-the-ear part. In the coupling el-
ement, a number of electrical leads may be provided,
either as a number of wires or provided as leads on a
flexible substrate or a combination thereof. At the in-the-
ear part, an output transducer is usually present. In ad-
dition to the output transducer, or in place thereof, one
or more sensors may be present. Such a sensor could
for instance be one of: a temperature sensor, an accel-
erometer, a pulse sensor, a microphone, an EEG sensor.
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Other types of sensors are also possible. The electrical
conductors in the connection member may be used to
carry electrical signals to the output transducer, and/or
to/from the sensors or other elements in the in-the-ear
part. In addition to all this, one or more of the electrical
conductors may be used as at least part of an antenna
configured for communicating with an external device.
The antenna may be established using at least one elec-
trical conductor that is not operationally connected to any
other component, i.e. the electrical conductor or conduc-
tors serving as part of the antenna could serve only the
antenna function, i.e. a dedicated electrical conductor or
conductors.

[0012] There is a risk that at the area or point, e.g.
connection pins, where the electrical conductors connect
to a substrate carrying electrical components in the in-
the-ear part, a large coupling between the connections
could occur. Therefore, one object of the present disclo-
sure provides an in-the-ear part where decoupling ele-
ments are provided between at least two connection ar-
eas, so as to decrease coupling between the two at least
in an operating frequency of an antenna function of the
in-the-ear part. The decoupling element or elements may
be or include a capacitor or diode, such as a parasitic
capacitance. This is contemplated to increase the effi-
ciency of the antenna by decreasing loss due to coupling
between the electrical conductors, at least in the area
where the electrical connectors connect to the substrate.
[0013] The decoupling element, or decoupling ele-
ments, could have a resonant frequency at the operation
frequency of the antenna, thereby providing maximum
dampening at the frequency, such as within an interval
around the operation frequency, such as in an interval at
least overlapping a part of the operation frequency or
operation frequency interval. Thus, the decoupling ele-
ment may be tuned to the operation frequency or oper-
ating frequency interval of the antenna.

[0014] When the decoupling elements are capacitors,
the decoupling elements are meant to have a low imped-
ance at the operation frequency of the antenna, meaning
that when they have a high capacitance, as the imped-
ance decrease with increasing capacitance, e.g. as |Z|
=1/(2*Pi*f*C), where f is the frequency, Z is the imped-
ance, and C is the capacitance.

[0015] Further details will be evident from the descrip-
tion.

[0016] When connecting the electrical conductors
present in the connector element to elements in the in-
the-ear part,

[0017] An object of the present disclosure is achieved

by a hearing device comprising a first portion adapted
for being arranged behind an ear of a user for providing
a signal, an output transducer for converting the signal
to an acoustic output, a coupling element coupled to the
first portion, and wherein the coupling element is adapted
for transmitting at least the signal or the acoustic output.
Furthermore, the hearing device comprises an antenna
which includes an external antenna part and an internal
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antenna part, where the internal antenna part includes a
first antenna element, a second antenna element where
a first end of the second antenna element is arranged at
one end of the first antenna element and is connected
thereto, and where a second end of the second antenna
element is connected to a ground plane, and a third an-
tenna element which is spaced at a distance from the
second antenna element and connected to the first an-
tenna element, a feeding unit configured to supply a cur-
rent to the antenna via the third antenna element, a wire-
less interface for receiving and/or sending data by means
of the antenna, and wherein the coupling element com-
prises the external antenna part, and where the external
antenna part is connected to the internal antenna part,
and wherein the coupling element comprises an electri-
cally conducting element coupled to the wireless inter-
face, and wherein the electrically conducting element is
at least a part of the external antenna part.

[0018] A further object of the present disclosure is
achieved by a hearing device comprising a first portion
adapted for being arranged behind an ear of a user for
providing a signal, an output transducer for converting
the signalto an acoustic output, a second portion adapted
for being arranged distantly from the first portion and for
providing the acoustic output to the user, wherein the
second portion includes the output transducer or means
for bone conduction, a coupling element coupling the first
portion and the second portion, and wherein the coupling
element is adapted for transmitting at least the signal to
the outputtransducer or the acoustic output to the second
portion. Furthermore, the hearing device comprises an
antenna which includes an external antenna part and an
internal antenna part, where the internal antenna part
includes a first antenna element, a second antenna ele-
ment where a first end of the second antenna element is
arranged at one end of the first antenna element and is
connected thereto, and where a second end of the sec-
ond antenna element is connected to a ground plane,
and athird antenna elementwhichis spaced atadistance
from the second antenna element and connected to the
first antenna element, a feeding unit configured to supply
a current to the antenna via the third antenna element,
a wireless interface for receiving and/or sending data by
means of the antenna, and wherein the coupling element
comprises an electrically conducting element coupled to
the wireless interface, and wherein the electrically con-
ducting elements is at least a part of the external antenna
part, and where the electrically conducting element is
connected to the first antenna element of the internal
antenna part.

[0019] In the description below the internal antenna
part may be referred as being an inverted-F-antenna (IF-
antenna).

[0020] An object of the present disclosure is to provide
an antenna within a hearing device, where it is possible
to increase the number of electrically conducting ele-
ments being part of the antenna and still have a band-
width which is suitable for communication at frequency
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range of about 2.45 GHz to about 5.5 GHz.

[0021] A further object of the present disclosure is to
utilize a coupling element comprising an increased
number of electrically conducting elements as antenna.
[0022] Theinternalantenna partis partof existingcom-
ponents of the hearing device, and the advantage of com-
bining the internal antenna part and the external antenna
part is that the decoupling of the external antenna part
is not needed since the antenna current from the external
antenna part is "guided" by the internal antenna part to
the ground plane and not to the electrical elements within
the hearing device connected to the external antenna
part. Thereby, the size of the hearing device does not
become bulky when adding more electrically conducting
elements within the external antenna part since decou-
plers are not needed. Furthermore, the bandwidth of the
antenna is not decreased when adding more electrically
conducting elements to the antenna since the decouplers
are avoided.

[0023] The hearing device may be a cochlear, in-the-
ear (ITE), completely-in-canal (CIC), behind-the-ear
(BTE), and receiver-in-the-ear (RITE) device.

[0024] Thefirst portion may be arranged behind an ear
of a user, such as between the pinna and the skull of the
user.

[0025] The output transducer for converting the signal
to an acoustic output may be part of the first portion or a
second portion, wherein the second portion is connected
to the first portion by the coupling element. The output
transducer may be a receiver (or a speaker), or a bone
anchored vibrator or cochlear.

[0026] The coupling element may be coupled to the
first portion and in another example coupled to both the
first portion and the second portion and/or to an external
part. The coupling element may be a hollow tube com-
prising atleast an electrically conducting element, where
the electrically conducting elementis configured to guide
the acoustic output and/or power and/or data to the sec-
ond portion and/or to the external part, where the second
portion may for example be an in-the-ear canal element.
The external part may comprise a transmitting coil for
inductively transmitting power and/or data to an implant
stimulator. The in-the-ear canal element may be formed
as a dome or any shape which may improve the fitting
of the second portion into an ear canal of the user.
[0027] The coupling element may comprise two or
more electrically conducting elements, such as between
2and 12, 2 and 10, or 2 and 6.

[0028] The second portion and/orthe external partmay
include multiple sensors for acoustic signals, such as
transducers, (i.e. microphone or speaker), and/or multi-
ple sensors for monitoring the health of the user of the
hearing device, where the multiple sensors may be an
accelerometer, an electrode, a light emitting diode, or a
photodetector. The second portion may comprise an
acoustical vibrator or vibrator for bone conduction.
[0029] The second portion and/orthe external partmay
include amemory and a processor for controlling the sen-
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sors and/or processing signals to be detected or trans-
mitted by the sensors.

[0030] The advantage of being able to provide multiple
electrically conducting elements within the coupling ele-
ment is that the second portion and the external part be-
comes more intelligent than today’s solutions and which
results in an improved comfort for the user.

[0031] Further advantage is that the size of the first
portion can be reduced by providing more features into
the second portion and/or the external part due to the
availability of including more electrically conducting ele-
ments into the coupling element without affecting the
bandwidth due to an internal parasitic element.

[0032] The second portion may be adapted to be ar-
ranged distantly from the first portion and in proximity to
a skin of the user.

[0033] The coupling element may comprise an inner
core and an outer core, where the outer core encircles
the inner core. The inner core may comprise air config-
ured to guide the acoustic output and the outer core may
comprise the external antenna part in the form of electri-
cally conducting element(s).

[0034] The coupling element may comprise a core,
where the core may include the external antenna part in
the form of electrically conducting element(s).

[0035] The coupling element connected to the first por-
tion may be an earhook firmly attached to the first portion
of the hearing device. The coupling element may be con-
figured for mechanical detachment, allowing the earhook
to be easily replaced should the earhook antenna ele-
ment malfunction, or if an alternative earhook is desired.
[0036] The hearing device may comprise at least two
coupling elements, where a first coupling element may
be coupled to thefirst portion, or the first coupling element
may be coupled to thefirst portion and the second portion.
A second coupling element may be coupled to the first
portion and the external part. The external part may com-
prise a transmitting coil for inductively transmitting power
and/or data to an implant stimulator. Both coupling ele-
ments comprise electrical conducting element(s) where
the external antenna part may be part of both coupling
elements or one of the coupling elements. In the example
where the external antenna part is part of both coupling
elements, a first coupling element may comprise a first
group of electrically conducting element, and a first ex-
ternal antenna part may be part of the first group of elec-
trically conducting element. The second coupling ele-
ment may comprise a second group of electrically con-
ducting element, and a second external antenna part may
be part of the second group of the electrically conducting
element.

[0037] Having multiple coupling elements results in a
reduced size of the first portion since the technical fea-
tures of the first portion can be transferred to both the
second portion and/or the external part due to the pos-
sibility of implementing more electrically conducting ele-
ments into the coupling element(s). Additionally, the ad-
vantage of having two coupling elements is that the hear-
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ing device can communicate to other external devices
via multiple different or similar wireless communication
protocol links with minimal interference between the two
links. The interference between the two links is minimal
since the distance between the coupling elementis much
larger than if they were inside the first portion. The mul-
tiple coupling elements may comprise a first coupling el-
ement and a second coupling element. The first coupling
element may comprise a first group of electrically con-
ducting elements and the second coupling element may
comprise a second group of electrically conducting ele-
ments. The first group of electrically conducting elements
may be connected to a first wireless interface configured
to communicate Bluetooth at about 2.45 GHz, and the
second group of electrically conducting elements may be
connected to a second wireless interface configured to
communicate a second protocol at a different frequency,
such as about 900 MHz or about 5.3 GHz. The first and
the second wireless interface may be within the first por-
tion.

[0038] It is important to understand that the main part
of the external antenna part is positioned outside the first
portion. The external antenna part may be an electrically
conducting element, such as a wire or a flexible printed
circuit board element. The electrically conducting ele-
ment may be connected to the wireless interface and
terminated within the coupling element and/or within the
second portion and/or within the external part.

[0039] The external antenna part may at least be
adapted for carrying the signal upon transmission to the
output transducer

[0040] The external antenna part may be partly within
the first portion and partly outside the first portion. The
part which is within the first portion is connected to the
wireless interface and the internal antenna part.

[0041] The internal antenna part may include a first
antenna element, a second antenna element where a
firstend of the second antenna element may be arranged
at one end of the first antenna element and is connected
thereto, and where a second end of the second antenna
element may be connected to the ground plane, and a
third antenna element which is spaced at a distance from
the second antenna element and connected to the first
antenna element. The first antenna element may be hor-
izontally oriented in view of the second antenna element
and the third antenna element forming an inverted-F an-
tenna. The electrical length of the first antenna element
is M4 or A4 + x*A/2, where x is a number, such as 0, 1,
2, 3 etc.

[0042] The internal antenna part may be formed by a
conducting plate, and/or an electrically conducting path
wire and/or a flexible print.

[0043] The internal antenna part, i.e. the first antenna
element, the second antenna element and the third an-
tenna element, may be formed by an electrically conduct-
ing path mounted on a conducting plate, where the elec-
trically conducting path is connected to the electrically
conducting element of the external antenna part. The
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electrically conducting path may further be connected to
the ground plane.

[0044] Additional, the internal antenna part may com-
prises multiple electrically conducting paths and the ex-
ternal antenna part may comprise multiple electrically
conducting elements, wherein each of the conducting
paths are connected to an electrically conducting ele-
ments. The connection between each of the electrically
conducting paths and the electrically conducting ele-
ments may be provided via a capacitor. The capacitor
provides an efficient coupling between the internal an-
tenna part and the external antenna part, such as an
efficient coupling which makes sure that the external an-
tenna part receives the current from the feeding unit and
that the antenna current from the external antenna part
is transferred to the ground plane. Thereby, no decoupler
is needed to be coupled to each of the electrically con-
ducting elements.

[0045] In an alternative solution, when having multiple
electrically conducting elements, at least one of the mul-
tiple electrically conducting elements may be coupled to
an electrically conducting path of the internal antenna
part. In this solution the other electrically conducting el-
ements, i.e. the electrically conducting elements which
are not coupled to an electrically conducting path (or to
the internal element), may any way receive the current
from the feeding unit via magnetic coupling and/or ca-
pacitive coupling from the one electrically conducting el-
ement which is connected to the electrically conducting
path (or to the internal element). Additional, the advan-
tage of this solution is that only a single capacitor is need-
ed in order to have an efficient coupling between the in-
ternal antenna part and the external antenna part.
[0046] A further advantage of this solution is that the
size of the antenna (i.e. the hearing device) is minimal
affected when adding more electrically conducting ele-
ments to the external antenna part since you are avoiding
decouplers and the number of capacitor is reduced sig-
nificantly.

[0047] The distance between the third antenna ele-
ment and the second antenna element is determined
based on the ratio between the current of the current
distribution and the voltage of the voltage distribution
along the first antenna element. The ratio should be 50
ohm.

[0048] The position of the connection point of the feed-
ing unit on to the internal antenna part is determined by
the current and/or the voltage distribution along the first
antenna element. Ideally, the position of the connection
point should be where the ratio between voltage and cur-
rent is 50 ohm.

[0049] The second antenna element may be connect-
ed to the ground plane. The electrical length of the ground
plane may be A/4 or A/4 + x*A/2, where x is a number,
such as 0, 1, 2, 3 etc. The second antenna element may
be an electrically conducting element, such as a wire or
a flexible printed circuit board element

[0050] The internal antenna partmaycomprise afourth



9 EP 3 591 996 B1 10

antenna element and a fifth antenna element, where a
first end of the fifth antenna element may be arranged at
one end of the fourth antenna element and is connected
thereto, and where a second end of the fifth antenna el-
ement may be connected to the first antenna element,
and where the fourth antenna element may be partly par-
allel with the first antenna element, and where the elec-
trical length of the fourth antenna element may be larger
than the electrical length of the first antenna element.
[0051] The advantage of the fourth antenna element
and the fifth antenna element is that the antenna is con-
figured to operate at multiple frequency within multiple
frequency ranges. In one specific embodiment, the an-
tenna may be configured to communicate with multiple
external devices using two communication protocol links,
where the frequency of both links are within a frequency
range of about 2.45 GHz to about 5.5 GHz, or between
2.44 GHz to 5.5 GHz or about the frequency of 2,45 GHz
or about the frequency of 5.5 GHz.

[0052] The antenna may comprise an internal parasitic
element, and where the feeding unit is further configured
to supply the current to the internal parasitic element via
a wireless coupling, such as a magnetic coupling or a
capacitive coupling.

[0053] The advantage of combining the external an-
tenna part and the parasitic element is that the bandwidth
of the antenna increases and that the obtained improve-
ment of the bandwidth is obtained by not increasing the
size of the hearing device.

[0054] The internal parasitic element is preferably ar-
ranged within the first portion, however, the internal par-
asitic element may in another example of the present
disclosure be arranged within the external part and/or
within the second portion and/or within the coupling ele-
ment.

[0055] The internal parasitic element may be supplied
with current from the feeding unit via magnetic coupling
and/or capacitive coupling. It is important to understand
that the present disclosure does not include a solution
where the internal parasitic element receives a current
via a galvanic coupling or via a printed circuit board.
[0056] The internal parasitic element may be part of
the printed circuit board connected to a ground plane
such that the internal parasitic element only receives a
current via the magnetic coupling or via the capacitive
coupling. The current from the feeding unit may be trans-
ferred via the ground plane and/or via the external an-
tenna part and wireless coupled to the internal parasitic
element.

[0057] Theinternal parasitic element may be a passive
element being electrically conductive and connected to
the ground plane.

[0058] An electrical length of the internal parasitic el-
ement may be A/4 or A/4 + x*A/2, where x is a number,
such as 0, 1, 2, 3 etc. The electrical length of the internal
parasitic element may be adapted to the ground plane
and/or the external antenna part. The electrical length
may be any length, and where the impedance match be-
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tween the internal parasitic element and the external an-
tenna is obtained by an impedance matching circuit. The
impedance matching circuit may comprise one or more
capacitance and/or one or more coils. The impedance
matching circuit may be connected to the internal para-
sitic element and ground plane or between the external
antenna and the ground plane.

[0059] The antenna may be connected to a wireless
interface being configured to transmit and/or receive au-
dioordata. The wireless interface may be part of a printed
circuit board. The wireless interface may be adapted for
receiving and/or transmitting audio or data by electro-
magnetic radiation in the frequency range of about 2.45
GHz to about 5.5 GHz, or between 2.44 GHz to 5.5 GHz
or about the frequency of 2.45 GHz or about the frequen-
cy of 5.5 GHz.

[0060] Thehearing device may comprise a second por-
tion and/or an external part adapted for being arranged
distantly from the first portion and for providing the acous-
tic output to the user, and wherein the coupling element
is configured to couple the first portion and the second
portion and/or the external part, and wherein the coupling
element is adapted for transmitting at least the signal to
the output transducer which is within the second portion,
and/or transmitting at least the signal to the external part,
and/or transmitting the acoustic output, provided by the
output transducer which is positioned within the first por-
tion, to the second portion, and wherein the coupling el-
ement comprises an electrically conducting element cou-
pled to the wireless interface, and wherein the electrically
conducting element is at least a part of the external an-
tenna part, and where the electrically conducting element
is connected to the internal antenna part.

[0061] The second portion is arranged in an ear canal
of the user, and/or the external part may be arranged on
a skin part of the user (including the skull of the user).
[0062] The current within the feeding unit is mainly
magnetically coupled to the internal parasitic element.
This solution provides a more compact antenna where
the inner part of the external antenna partand the internal
parasitic element are positioned close together. The
transfer of the current between the feeding unit and the
internal parasitic element may comprise capacitive cou-
pling.

[0063] Additionally, at least a part of the external an-
tenna part and the internal parasitic element may be ar-
ranged within the first portion such that a capacitive cou-
pling is provided between the internal parasitic element
and/or the external antenna part and/or the internal an-
tenna part. The capacitive coupling improves the produc-
tion tolerance of antenna.

[0064] The antenna may comprise a ground plane
guiding the current from the feeding unit along a length
of the ground plane, and wherein the internal parasitic
element is positioned within the hearing device such that
the current guided by the ground plane is coupled mag-
netically to the internal parasitic element. By having the
ground plane the internal parasitic element can be posi-
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tioned further away as compared to the previous antenna
solution where the internal parasitic elementreceives the
current directly via the wireless coupling to the feeding
unit.

[0065] The coupling element may comprise one or
more shield elements for shielding the external antenna
part such that electrical elements within the first portion,
the second portion, the external part and/or external de-
vices will not be affected negatively by radiation from the
antenna which has a frequency outside the frequency
range of about 2.45 GHz to about 5.5 GHz, or between
2.44 GHz to 5.5 GHz or about the frequency of 2,45 GHz
or about the frequency of 5.5 GHz.

[0066] The external device may be acellphone, acom-
puter or any electronic devices which is not part of the
hearing device.

[0067] The shield element may be connected to the
wireless interface via a bandpass filter, or the shield el-
ement may be connected to the ground plane within the
first portion.

[0068] The shield element may be a wire twisted
around the electrically conductive elements or a net of
wires twisted around the electrically conductive ele-
ments. The coupling element may comprise a first group
of electrically conductive elements and a second group
of electrically conductive elements (and multiple other
groups of electrically conductive elements). A first shield
element may cover the first group and a second shield
element may cover the second group, and thereby, we
avoid any disturbance which may occur between the
groups of electrically conductive elements. For example,
the first group may be connected to a microphone and
the second group may be connected to a speaker.
[0069] The feeding unit may be configured to supply
the current to the second antenna being at least part of
the antenna, and wherein the external antenna part and
the second antenna are electrically coupled together by
a capacitive coupling or a magnetic coupling so that the
second antenna is able to extend the operation of the
external antenna part.

[0070] The second antenna may be within the first por-
tion connected to the wireless interface and another elec-
trical element within the first portion.

[0071] The second antenna may be an electrically con-
ducting element, such as a wire or a flexible printed circuit
board element.

[0072] A method for a wireless receiving and/or send-
ing of data in a hearing device comprising an output trans-
ducer, a coupling element coupling a first portion of the
hearing device, the first portion providing a signal and
the output transducer is configured to convert the signal
to an acoustic output, the method comprising the steps of:

e providing an external antenna part within the cou-
pling element,

e providing aninternal antenna part, where the internal
antenna partincludes a firstantenna element, a sec-
ond antenna element where a first end of the second
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antenna element is arranged at one end of the first
antenna element and is connected thereto, and
where a second end of the second antenna element
is connected to a ground element, and a third anten-
na element which is spaced at a distance from the
second antenna element and connected to the first
antenna element,

e connecting the internal antenna part to the external
antenna part,

* supplying a current to the electrically conducting el-
ement by a feeding unit and via the internal antenna
part,

e arranging the first portion behind an ear of a user of
the hearing aid, and

* receiving and/or sending data by means of the an-
tenna.

[0073] A method for a wireless receiving and/or send-
ing of data in a hearing device comprising a coupling
element coupling a first portion and a second portion of
the hearing device, the first portion providing a signal and
the second portion comprising an output transducer for
converting the signal to an acoustic output, the method
comprising the steps of:

e providing an electrically conducting element in the
coupling element where the electrically conducting
element is at least part of an external antenna part,

e providingan internal antenna part, where the internal
antenna partincludes a first antenna element, a sec-
ond antenna element where a first end of the second
antenna element is arranged at one end of the first
antenna element and is connected thereto, and
where a second end of the second antenna element
is connected to a ground element, and a third anten-
na element which is spaced at a specific distance
from the second antenna element and connected to
the first antenna element,

e connecting the internal antenna part to the external
antenna part,

e supplying a current to the electrically conducting el-
ement by a feeding unit and via the internal antenna
part,

e arranging the first portion behind an ear of a user of
the hearing aid,

e arranging the second portion in an ear canal of the
user or on a skin of the user, and

* receiving and/or sending data by means of the elec-
trically conducting element.

[0074] A hearing device comprising a first portion
adapted for being arranged behind an ear of a user for
providing a signal, an output transducer for converting
the signal to an acoustic output, a coupling element cou-
pled to the first portion, and wherein the coupling element
is adapted for transmitting atleast the signal or the acous-
tic output, an antenna comprising an external antenna
part and an internal antenna part, where the internal an-
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tenna part includes a first antenna element, a second
antennaelement, where a firstend of the second antenna
element is arranged at one end of the first antenna ele-
ment and is connected thereto, and where a second end
of the second antenna element is connected to a ground
plane, and a third antenna element which is spaced at a
distance from the second antenna element and connect-
ed to the first antenna element, a feeding unit configured
to supply a current to the antenna via the third antenna
element, awireless interface for receiving and/or sending
data by means of the antenna, and wherein the coupling
element comprises the external antenna part, and where
the external antenna part is connected to the internal
antenna part, and wherein the coupling element compris-
es an electrically conducting element coupled to the wire-
less interface, and wherein the electrically conducting
element is at least a part of the external antenna part.
[0075] The hearing device may comprise asecond por-
tion adapted for being arranged distantly from the first
portion and for providing the acoustic output to the user,
and wherein the coupling element coupling the first por-
tion and the second portion, and wherein the coupling
element is adapted for transmitting at least the signal
and/or the acoustic output.

[0076] The hearing device may comprise an external
part being arranged distantly to the first portion, and
wherein the external part includes an implant stimulator
where the coupling element or a second coupling ele-
ment is coupling the first portion and the external part,
and wherein the coupling element or the second coupling
element is adapted for transmitting at least the signal,
and wherein the second coupling element comprises an
electrically conducting element coupled to the wireless
interface, and wherein the electrically conducting ele-
ment is at least a part of the external antenna part.
[0077] The second portion may be arranged in an ear
canal of the user, and wherein the second portion in-
cludes the output transducer, and/or the external part is
arranged on a skin part of the user.

[0078] The first antenna element, the second antenna
element and the third antenna element may be formed
by an electrically conducting path mounted on a conduct-
ing plate, where the electrically conducting path is con-
nected to the electrically conducting element of the ex-
ternal antenna part.

[0079] The distance between the third antenna ele-
ment and the second antenna element is determined
based on the ratio between the voltage of a voltage dis-
tribution and a current of a current distribution along the
first antenna element and the second antenna element.
[0080] An electrical length of the firstantenna element,
the second antenna element and the external antenna
partmay be in total A/4 or A/4 + x*A/2, where xis anumber,
such as 0, 1, 2, 3 etc., or the electrical length of the first
antenna element, the second antenna element and the
electrically conducting element(s) is in total A/4 or x* A/4
+/- M2, where x is an odd number such as 3, 5, 7 etc.
[0081] An electrical length of the ground plane may be
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A4 or A4 + x*A/2, where x is a number, such as 0, 1, 2,
3 etc.

[0082] The internal antenna partmay comprise afourth
antenna element and a fifth antenna element, where a
first end of the fifth antenna element is arranged at one
end of the fourth antenna element and is connected
thereto, and where a second end of the fifth antenna el-
ement is connected to the first antenna element, and
where the fourth antenna element is partly parallel with
the first antenna element, and where the electrical length
of the fourth antenna element is larger than the electrical
length of the first antenna element.

[0083] The antenna may comprise an internal parasitic
element, and where the feeding unit is further configured
to supply the current to the internal parasitic element via
a wireless coupling, such as a magnetic coupling or a
capacitive coupling.

[0084] The currentwithin the feeding unit may be mag-
netically and/or capacitive coupled to the internal para-
sitic element.

[0085] The ground plane may be guiding the current
from the feeding unit along a length of the ground plane,
and wherein the internal parasitic element is positioned
within the hearing device such that the current guided by
the ground plane is coupled magnetically and/or capac-
itive to the internal parasitic element.

[0086] An electrical length of the internal parasitic el-
ement may be A/4 or A/4 + x*A/2, where X is a number,
such as 0, 1, 2, 3 etc.

[0087] The internal parasitic element may be posi-
tioned such that a capacitive coupling is provided be-
tween the internal parasitic element and the external an-
tenna part, where the capacitive coupling comprises a
current being transferred from the external antenna part
to the parasitic element.

[0088] The electrically conducting element may be at
least adapted for carrying the signal upon transmission
to the output transducer.

[0089] The external antenna part may comprise multi-
ple electrically conducting elements, where two or more
electrically conducting elements are connected to one or
more electronic devices mounted within the second por-
tion or the external part of the hearing device, and where
each of the electrically conducting elements are at least
adapted for carrying a signal provided by the first portion
to the connected electronic device.

[0090] The two or more electrically conducting ele-
ments may be terminated within the second portion or
within the coupling element, external part or within the
coupling element (or within the second coupling ele-
ment).

[0091] The electronic device(s) within the second por-
tion is a transducer, such as another output transducer
or a microphone, and/or a sensor, and/or a light emitting
diode and/or an electrode and/or a photodetector.
[0092] The wireless interface may be adapted for re-
ceiving and/or sending data by electromagnetic radiation
in the frequency range of about 2.45 GHz to about 5.5
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GHz, or between 2.44 GHz to 5.5 GHz or about the fre-
quency of 2,45 GHz or about the frequency of 5.5 GHz.
[0093] The coupling element may comprise one or
more shield elements for shielding the external antenna
part.

[0094] The shield element may be connected to the
wireless interface via a bandpass filter, or the shield el-
ement is connected to a ground element within the first
portion.

[0095] The feeding unit may be configured to supply
the current to a second antenna being at least part of the
antenna, and wherein the external antenna part and the
second antenna are electrically coupled together by a
capacitive coupling or a magnetic coupling so that the
second antenna is able to extend the operation of the
external antenna part.

[0096] A method for a wireless receiving and/or send-
ing of data in a hearing device comprising an output trans-
ducer, a coupling element coupling a first portion of the
hearing device, the first portion providing a signal and
the output transducer is configured to convert the signal
to an acoustic output, the method comprising the steps of:

e providing an external antenna part within the cou-
pling element, where the external antenna part is
part of an antenna,

e providing an internal antenna part being part of the
antenna, where the internal antenna part includes a
first antenna element, a second antenna element
where a first end of the second antenna element is
arranged at one end of the first antenna element and
is connected thereto, and where a second end of the
second antenna element is connected to a ground
element, and a third antenna element which is
spaced at a distance from the second antenna ele-
ment and connected to the first antenna element,

e connecting the internal antenna part to the external
antenna part,

* supplying a current to the external antenna part by
a feeding unit and via the internal antenna part,

e arranging the first portion behind an ear of a user of
the hearing aid, and

receiving and/or sending data by the antenna.

[0097] An external antenna is similar to the external
antenna part.

[0098] A hearing device may comprise a first portion
adapted for being arranged behind an ear of a user for
providing a signal, an output transducer for converting
the signal to an acoustic output, a coupling element cou-
pling to the first portion, an antenna comprising an exter-
nal antenna arranged atleast externally to the first portion
and an internal parasitic element, a feeding unit config-
ured to supply a current to the external antenna, and the
feeding unit is further configured to supply the current to
the internal parasitic element via a wireless coupling, a
wireless interface for receiving and/or transmitting data
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by means of the antenna, and wherein the coupling ele-
ment comprises the external antenna, and wherein the
coupling element comprises an electrically conducting
element coupled to the wireless interface, and wherein
the electrically conducting element is at least a part of
the external antenna.

[0099] Thehearing device may comprise a second por-
tion adapted for being arranged distantly from the first
portion and for providing the acoustic output to the user,
and wherein the coupling element coupling the first por-
tion and the second portion, and wherein the coupling
element is adapted for transmitting at least the signal
and/or the acoustic output.

[0100] The hearing device may comprise an external
part being arranged distantly to the first portion, and
wherein the external part includes an implant stimulator
where the coupling element or a second coupling ele-
ment is coupling the first portion and the external part,
and wherein the coupling element or the second coupling
element is adapted for transmitting at least the signal,
and wherein the second coupling element comprises an
electrically conducting element coupled to the wireless
interface, and wherein the electrically conducting ele-
ment is at least a part of the external antenna.

[0101] The second portion is arranged in an ear canal
of the user, and wherein the second portion includes the
output transducer, and/or the external part is arranged
on a skin part of the user. The current within the feeding
unit may be magnetically coupled to the internal parasitic
element.

[0102] The antenna may comprise a ground plane
guiding the current from the feeding unit along a length
of the ground plane, and wherein the internal parasitic
element is positioned within the hearing device such that
the current guided by the ground plane is coupled mag-
netically to the internal parasitic element.

[0103] An electrical length of the internal parasitic el-
ement may be A/4 or A/4 + x*A/2, where x is a number,
such as 0, 1, 2, 3 etc.

[0104] At least a part of the external antenna may be
arranged within the first portion and the internal parasitic
element is positioned such that a capacitive coupling is
provided between the internal parasitic element and the
external antenna.

[0105] The second portion may comprise the output
transducer, and wherein the external antenna element
is at least adapted for carrying the signal upon transmis-
sion to the output transducer.

[0106] The external antenna may comprise multiple
electrically conducting elements, where two or more elec-
trically conducting elements are connected to one or
more electronic devices mounted within the second por-
tion of the hearing device, and where each of the elec-
trically conducting elements are at least adapted for car-
rying a signal provided by the first portion to the electronic
devices within the second portion.

[0107] The two or more electrically conducting ele-
ments may be terminated within the second portion, ex-



17 EP 3 591 996 B1 18

ternal part or within the coupling element (or within the
second coupling element).

[0108] The electronic device(s) within the second por-
tion may be a transducer, such as another output trans-
duceroramicrophone, and/oran accelerometer, an elec-
trode, a light emitting diode, and/or a photodetector.
[0109] The wireless interface is adapted for receiving
and/or transmitting data by electromagnetic radiation in
the frequency range of about 2.45 GHz to about 5.5 GHz,
or between 2.44 GHz to 5.5 GHz or about the frequency
of 2,45 GHz or about the frequency of 5.5 GHz.

[0110] The coupling element may comprise one or
more shield elements for shielding the external antenna.
[0111] The shield element may be connected to the
wireless interface via a bandpass filter, or the shield el-
ement is connected to a ground plane within the first por-
tion.

[0112] The feeding unit may be configured to supply
the current to a second antenna being at least part of the
antenna, and wherein the external antenna and the sec-
ond antenna are electrically coupled together by a ca-
pacitive coupling or a magnetic coupling so that the sec-
ond antenna is able to extend the operation of the exter-
nal antenna.

[0113] A method for a wireless receiving and/or trans-
mitting of data in a hearing device comprising a coupling
element coupling to a first portion, where the first portion
providing a signal, and an output transducer for convert-
ing the signal to an acoustic output, the method compris-
ing the steps of:

e providing an external antenna in the coupling ele-
ment and at least externally to the first portion,

* supplying acurrent to the external antenna by afeed-
ing unit,

e providing an internal parasitic element internally in
the first portion,

* supplying the currentto the internal parasitic element
via wireless coupling,

e arranging the first portion behind an ear of a user of
the hearing aid, and

e receiving and/or transmitting data by means of the
external antenna.

BRIEF DESCRIPTION OF DRAWINGS

[0114] The aspects of the disclosure may be best un-
derstood from the following detailed description taken in
conjunction with the accompanying figures. The figures
are schematic and simplified for clarity, and they just
show details to improve the understanding of the claims,
while other details are left out. Throughout, the same
reference numerals are used for identical or correspond-
ing parts. These and other aspects, features and/or tech-
nical effect will be apparent from and elucidated with ref-
erence to the illustrations described hereinafter in which:

Figs. 1a - 1c, illustrate an example of a hearing de-
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vice and an example of the antenna
within the hearing device,

Fig. 2, illustrates an example of the antenna
within the hearing device,

Fig. 3, illustrates an example of the antenna
within the hearing device,

Figs. 4a - 4b, illustrate a further example of the
hearing device including an internal
parasitic element,

Figs. 5a - 5c, illustrate an example of the hearing
device and a simulation of the reso-
nance frequency,

Figs. 6a - 6d, illustrate different examples of the
hearing device,

Fig. 7, illustrates a further example of the
hearing device including an internal
parasitic element,

Figs. 8a - 8c, illustrate different example of the
hearing device,

Fig. 9, illustrates an example of the hearing
device including a shield element,

Figs. 10a - 10b, illustrate an example of the hearing
device including a shield element,

Fig. 11, illustrates a flow diagram of a meth-
od,

Fig. 12 illustrates two connection members

DETAILED DESCRIPTION

[0115] The detailed description set forth below in con-
nection with the appended drawings is intended as a de-
scription of various configurations. The detailed descrip-
tion includes specific details for the purpose of providing
athorough understanding of various concepts. However,
it will be apparent to those skilled in the art that these
concepts may be practiced without these specific details.
Several aspects of the apparatus and methods are de-
scribed by various blocks, functional units, modules,
components, circuits, steps, processes, algorithms, etc.
(collectively referred to as "elements"). Depending upon
particular application, design constraints or other rea-
sons, these elements may be implemented using elec-
tronic hardware, computer program, or any combination
thereof.

[0116] A hearing device may include a hearing aid that
is adapted to improve or augment the hearing capability
of a user by receiving an acoustic signal from a user’s
surroundings, generating a corresponding audio signal,
possibly modifying the audio signal and providing the
possibly modified audio signal as an audible signal to at
least one of the user’s ears. The "hearing device" may
further refer to a device such as an earphone or a headset
adapted to receive an audio signal electronically, possi-
bly modifying the audio signal and providing the possibly
modified audio signals as an audible signal to at least
one of the user’s ears. Such audible signals may be pro-
vided in the form of an acoustic signal radiated into the
user’s outer ear, or an acoustic signal transferred as me-



19 EP 3 591 996 B1 20

chanical vibrations to the user’s inner ears through bone
structure of the user’s head and/or through parts of mid-
dle ear of the user or electric signals transferred directly
or indirectly to cochlear nerve and/or to auditory cortex
of the user.

[0117] The hearing device is adapted to be worn in any
known way. This may include i) arranging a unit of the
hearing device behind the ear with a tube leading air-
borne acoustic signals or with a receiver/ loudspeaker
arranged close to or in the ear canal such as in a Behind-
the-Ear type hearing aid or a Receiver-in-the Ear type
hearing aid, and/ or ii) arranging the hearing device en-
tirely or partly in the pinna and/ or in the ear canal of the
user such as in a In-the-Ear type hearing aid or In-the-
Canal/ Completely-in-Canal type hearing aid, or iii) ar-
ranging a unit of the hearing device attached to a fixture
implanted into the skull bone such as in Bone Anchored
Hearing Aid or Cochlear Implant, or iv) arranging a unit
of the hearing device as an entirely or partly implanted
unit such as in Bone Anchored Hearing Aid or Cochlear
Implant.

[0118] A hearing device may be part of a "hearing sys-
tem", which refers to a system comprising one or two
hearing devices, disclosed in present description, and a
"binaural hearing system" refers to a system comprising
two hearing devices where the devices are adapted to
cooperatively provide audible signals to both of the user’s
ears. The hearing system or binaural hearing system may
further include auxiliary device(s) that communicates
with at least one hearing device, the auxiliary device af-
fecting the operation of the hearing devices and/or ben-
efitting from the functioning of the hearing devices. A
wired or wireless communication link between the atleast
one hearing device and the auxiliary device is established
that allows for exchanging information (e.g. control and
status signals, possibly audio signals) between the at
least one hearing device and the auxiliary device. Such
auxiliary devices may include at least one of remote con-
trols, remote microphones, audio gateway devices, mo-
bile phones, public-address systems, car audio systems
or music players or a combination thereof. The audio
gateway is adapted toreceive a multitude of audio signals
such as from an entertainment device like a TV or a music
player, a telephone apparatus like a mobile telephone or
a computer, a PC. The audio gateway is further adapted
to select and/or combine an appropriate one of the re-
ceived audio signals (or combination of signals) for trans-
mission to the at least one hearing device. The remote
control is adapted to control functionality and operation
of the at least one hearing devices. The function of the
remote control may be implemented in a SmartPhone or
other electronic device, the SmartPhone/ electronic de-
vice possibly running an application that controls func-
tionality of the at least one hearing device.

[0119] In general, a hearing device includes i) an input
unitsuch as amicrophone for receiving an acoustic signal
from a user’s surroundings and providing a correspond-
ing input audio signal, and/or ii) a receiving unit for elec-
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tronically receiving an input audio signal. The hearing
device further includes a signal processing unit for
processing the input audio signal and an output unit for
providing an audible signal to the user in dependence on
the processed audio signal.

[0120] The input unit may include multiple input micro-
phones, e.g. for providing direction-dependent audio sig-
nal processing. Such directional microphone system is
adapted to enhance a target acoustic source among a
multitude of acoustic sources in the user’s environment.
In one aspect, the directional system is adapted to detect
(such as adaptively detect) from which direction a par-
ticular part of the microphone signal originates. This may
be achieved by using conventionally known methods.
The signal processing unit may include amplifier that is
adapted to apply a frequency dependent gain to the input
audio signal. The signal processing unit may further be
adapted to provide other relevant functionality such as
compression, noise reduction, etc. The output unit may
include an output transducer such as a loudspeaker/ re-
ceiver for providing an air-borne acoustic signal transcu-
taneously or percutaneously to the skull bone or a vibrator
for providing a structure-borne or liquid-borne acoustic
signal. In some hearing devices, the output unit may in-
clude one or more output electrodes for providing the
electric signals such as in a Cochlear Implant.

[0121] Itshould be appreciated thatreference through-
out this specification to "one embodiment" or "an embod-
iment" or "an aspect" or features included as "may"
means that a particular feature, structure or characteristic
described in connection with the embodiment is included
in at least one embodiment of the disclosure. Further-
more, the particular features, structures or characteris-
tics may be combined as suitable in one or more embod-
iments of the disclosure. The previous description is pro-
vided to enable any person skilled in the art to practice
the various aspects described herein.

[0122] The claims are not intended to be limited to the
aspects shown herein, butis to be accorded the full scope
consistent with the language of the claims, wherein ref-
erence to an element in the singular is not intended to
mean "one and only one" unless specifically so stated,
but rather "one or more." Unless specifically stated oth-
erwise, the term "some" refers to one or more.

[0123] Accordingly, the scope should be judged in
terms of the claims that follows.

[0124] Fig. 1a - 1c an example of a hearing device 1
and an example of the antenna 8 within the hearing de-
vice 1. Fig. 1a shows a hearing device 1 comprising a
first portion 2 adapted for being arranged behind an ear
of a user for providing a signal, an output transducer 10
for converting the signal to an acoustic output, a coupling
element 6 coupling to the first portion 2, an antenna 8
comprising an external antenna part 14 arranged at least
externally to the first portion 2 and an internal antenna
part 13 arranged within the first portion, a feeding unit 20
configured to supply a current to the external antenna
part 14 via the internal antenna part 13. The hearing de-
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vice 1 further comprises a wireless interface 16 config-
ured to receive and/or send data and/or audio and/or
power by means of the antenna. The coupling element
6 comprises the external antenna part 14, and the exter-
nal antenna part 14 is connected to the internal antenna
part 13. In this specific example, the hearing device 1
further comprises a second portion 4 adapted for being
arranged distantly from the first portion 2 and for providing
the acoustic output to the user, where the second portion
4 includes the output transducer 10. The coupling ele-
ment 6 is coupling the first portion 2 and the second por-
tion 4, and wherein the coupling element 6 is adapted for
transmitting at least the signal to the output transducer
10, and wherein the coupling element 6 comprises an
electrically conducting element 18 coupled to the wire-
less interface 16, and wherein the electrically conducting
elements 18 is at least a part of the external antenna part
14.

[0125] Fig. 1b illustrates the antenna 8 including the
internal antenna part 13 being part of a main plane 11
and the electrically conducting elements 18A - 18C which
are at least part of the external antenna part 14. In this
specific example, the internal antenna part 13 comprises
a first antenna element 13A, a second antenna element
13B where a first end of the second antenna element
13B is arranged at one end of the first antenna element
13A and is connected thereto, and where a second end
of the second antenna element 13B is connected to a
ground plane 26, and a third antenna element 13C which
is spaced apart from the second antenna element 13B
and connected to the first antenna element 13A. The
electrically conducting elements 18A - 18C are connect-
ed to the internal antenna part 13 via the first antenna
element 13A.

[0126] Fig. 1c illustrates the antenna 8 of the hearing
device 1, were the second antenna element 13B and the
third antenna element 13C are formed by one or more
electrically conducting paths 9A in the main plane 11,
where the electrically conducting paths 9A of the internal
antenna part are connected to the electrically conducting
elements 18A - 18C of the external antenna part 14. In
this specific example the electrically conducting paths 9A
are mounted on a conducting plate 9.

[0127] Fig. 2 illustrates that the distance between the
second antenna element 13B and the third antenna ele-
ment 13C is determined based on the ratio between the
voltage of the voltage distribution 39 and the current of
the current distribution 38 along the firstantenna element
13A. In this specific example, the position of the connec-
tion point of the feeding unit 20 to the internal antenna
part 13 is where the ratio between the voltage and the
current is 50 ohm.

[0128] Fig. 3 illustrates the antenna 8 where the inter-
nal antenna part comprises a fourth antenna element
13D and a fifth antenna element 13E, where a first end
of the fifth antenna element 13E is arranged at one end
of the fourth antenna element 13D and is connected
thereto, and where a second end of the fifth antenna el-
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ement 13E is connected to the first antenna element 13A,
and where the fourth antenna element 13D is partly par-
allel with the first antenna element 13A, and where the
electrical length of the fourth antenna element 13D is
larger than the electrical length of the first antenna ele-
ment 13A.

[0129] In this specific example the internal antenna
part 13 is a dual band inverted F antenna having at least
two frequency, i.e. operating frequency, where a first fre-
quency is represented by the fourth and the fifth antenna
element (13D, 13E), and a second frequency is repre-
sented by the remaining antenna element (13A-13C) of
theinternal antenna part 13. If the fourth antenna element
13D has a longer electrical length than the first antenna
element 13Aresults in that the first frequency is less than
the second frequency.

[0130] Fig. 4a-4billustrate the hearing device 1 where
the antenna 8 comprises an internal parasitic element
12, the internal antenna part 13 and the external antenna
part (14, 18). Fig. 4a illustrates a similar hearing device
as describedinFig. 1a, however, in this specific example,
the hearing device comprises the internal parasitic ele-
ment 12. Fig. 4b illustrates the antenna 8 including the
internal parasitic element 12. In this specific example,
the feeding unit is positioned such that a current is sup-
plied to the internal parasitic element via a wireless cou-
pling, such as a magnetic coupling 22 and/or a capacitive
coupling 23. The internal parasitic element 12 is connect-
ed to the ground plane 26.

[0131] Figs. 5a- 5cillustrate a simulation of the hearing
device 1 with and without the internal parasitic element
12. Fig. 5a illustrates the hearing device 1 without the
internal parasitic element 12, and Fig. 5b illustrates the
hearing device 1 with the internal parasitic element, and
Fig. 5c illustrates the simulation result of the hearing de-
vice 1 with and without the internal parasitic element 12.
The result shows that the 10dB bandwidth of the antenna
without the internal parasitic element 12 is less than the
10 dB bandwidth of the antenna 8 with the internal par-
asitic element 12. This clearly shows that the solution
with multiple electrically conductive elements 18A - 18E,
acting as the external antenna part 14, has an improved
bandwidth when including the parasitic element 12 into
the design of the antenna 8.

[0132] Figs 6a - 6d illustrate the hearing device 1 worn
by a user 30. Fig. 6a illustrates a behind-the ear hearing
aid 1, where the first portion 2 is positioned between the
pinna of the ear of the user 30 and the skull of the user
30. The second portion 4 is positioned within the ear canal
of the user 30. The first portion 2 and the second portion
4 are coupled via a coupling element 6. The coupling
element 7 may be configured to transfer the acoustic out-
put via air or configured to transfer the signal via the elec-
trically conducting element 18. Fig. 6b illustrates a coch-
lear hearing aid 1 where the first portion 2 is connected
6 to both the second portion 4 and an external part 4b,
where the external part 6 is an implant stimulator. The
connection 6 comprises a first and a second coupling
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element, where the first and the second coupling element
may be similar to the coupling element described previ-
ously. Fig. 6¢ illustrates a cochlear hearing aid 1 where
the first portion 2 is connected 6 to the external part 4b
via the coupling element 6. Fig. 6d illustrates a hearing
device 1 where the coupling element 6 is an earhook 6
detachable mounted to the first portion 2.

[0133] Fig. 7 illustrates the antenna 8 where the inter-
nal parasitic element is not part of the main plane 11 but
instead is mounted distantly from the external antenna
part 14, for example on a Printed Circuit Board (PCB) 3
within the first portion 2. The internal parasitic element
12 receives the current 24 from the feeding unit 20 via a
wireless coupling (22, 23) between the ground plane 26
and the internal parasitic element 12.

[0134] Figs. 8a - 8c illustrate multiple different exam-
ples of the hearing device 1, where the coupling element
6 is either a hollow tube including one or more electrically
conductive elements or a hollow tube including an inner
core and outer core, where the outer core encircles the
inner core. The inner core may comprise air configured
to guide the acoustic output and the outer core may com-
prise the electrically conducting element(s) 18, i.e. the
external antenna part 14. Fig. 8a illustrates that the elec-
trically conductive elements 18 are terminated within the
second portion 4 and connected to an output transducer
10. Fig. 8b illustrates that the electrically conductive el-
ements 18 are terminated within the coupling element 6.
The first portion comprises the output transducer. Fig. 8c
illustrates multiple electrically conductive elements (18A
- 18C) within the coupling element 6, wherein each of the
conductive elements (18A - 18C) are connected to a sen-
sor 10A - 10C within the second portion.

[0135] Fig. 9 illustrates the coupling element 6 where
a shield element 32 is twisted around the electrically con-
ductive elements (18A, 18B).

[0136] Figs 10a - 10b illustrates different example of
the shield element 32. Fig. 10a shows the shield element
32 being terminated to ground 34 within the first portion
2. Fig. 10b shows the shield element 32 being connected
to the wireless interface 16 via a bandpass filter 32.
[0137] Fig. 11 illustrates a method 100 for a wireless
receiving and/or sending of data in the hearing device 1
comprising the output transducer 10, the coupling ele-
ment 6 coupling the first portion 2 of the hearing device,
the first portion providing a signal and the output trans-
ducer is configured to convert the signal to an acoustic
output. The method 100 comprising the steps of providing
an external antenna part within the coupling element
(Step A), providing an internal antenna part, where the
internal antenna part includes a first antenna element, a
second antenna element where a first end of the second
antenna element is arranged at one end of the first an-
tenna element and is connected thereto, and where a
second end of the second antenna element is connected
to a ground element, and a third antenna element which
is spaced at a distance from the second antenna element
and connected to the first antenna element (Step B), con-
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necting the internal antenna part to the external antenna
part (Step C), supplying a current to the electrically con-
ducting element by a feeding unit and via the internal
antenna part (Step D), arranging the first portion behind
an ear of a user of the hearing aid (Step E), and receiving
and/or sending data by means of the electrically conduct-
ing element (Step G). Optionally, the method may further
comprise a step of arranging a second portion 4 in an
ear canal of the user or on a skin of the user, where the
second portion is coupled to the coupling element 6 (Step
F).

[0138] Fig. 12 schematically illustrates a connection
member with an in-the-ear part, here only illustrated with
some of the internal components.

[0139] In fig. 12 on the left hand side, a receiver, i.e.
an output transducer, is connectable via two wires to a
housing, not shown, which housing is to be arranged be-
hind the ear of the person wearing the hearing aid device.
[0140] The output transducer is configured to be ar-
ranged in an in-the-ear part configured to be positioned
at least partly in the ear canal of the person wearing the
hearing aid device. The housing for the in-the-ear part
may be formed specifically to fit into the ear canal of the
person, often known as a custom mold, orbe a, relatively,
small house that fits most people and then fitted with a
soft member having a dome, either open or closed, which
ensures that wearing the in-the-ear housing in the ear
canal is as comfortable as possible.

[0141] In addition to the output transducer, other com-
ponents are presentin the in-the-ear housing. In general,
components may be one or more of a memory device
storing information such as identification and/or perform-
ance, a sensor configured to provide a signal represent-
ing a physical property, such as temperature, accelera-
tion, orientation, e.g. tilt etc., EEG, pressure sensor,
pulse sensor, optical sensor or other types of sensors.
Other examples of components include RFID devices,
inductive components, signal processor, filter bank.
[0142] The in-the-ear housing is connected to the be-
hind-the-ear housing via a connection member. The con-
nection member extends the length between the in-the-
ear housing and behind-the-ear housing. The connection
member thereby provides a mechanical connection ex-
tending between the in-the-ear housing and the behind-
the-ear housing. The connection member comprises a
plurality of electrical conductors, here illustrated as six
wires. Here, two wires connect to the output transducer,
and the remaining four wires connect to other component
or components.

[0143] As the connection member is not covered by
the ear when the hearing aid device is worn in its inten-
tional operational state, it is at an advantageous area for
an antenna, and using at least one electrical conductor
as part of an antenna provides an efficient antenna.
[0144] Generally, not all wires need to be connected
to the substrate carrying components in the in-the-ear
housing, but at least a multitude of the plurality of elec-
trical conductors are connected to a corresponding mul-
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titude of connection points on the substrate arranged in
the in-the-ear housing. It is possible that one or more of
the electrical conductors do not connect to the substrate.
This could for instance be a shield wire or shield compo-
nent or even a dedicated antenna wire or dedicated an-
tenna member or more dedicated antenna wires.
[0145] As the antenna function established by at least
one electrical conductor operates at relative high fre-
quency, e.g. 2.4 GHz or around 5GHz or the like, there
is some coupling between the electrical conductors. It
has surprisingly found that there is significant coupling
near the connection points, and therefore at least one
decoupling device is arranged between a first connection
point of the multitude of connection points and a second
of the multitude of connection points.

[0146] In Fig. 12 on the right hand side, it is illustrated
that a decoupling element is positioned between each of
the connection points, however, as stated above, fewer
decoupling elements may be used.

[0147] The decoupling element or decoupling ele-
ments may be tuned to the operating frequency or oper-
ating frequency interval of the antenna. This could for
instance be that the decoupling element or element may
have a resonant frequency at the operation frequency or
in a range around there. This means that if the antenna
function operates at 2.4 GHz, then the decoupling ele-
ment should have maximum attenuation at that frequen-
cy, or at least in a frequency range in that range.
[0148] In Fig. 12, the decoupling element is a mainly
or entirely capacitive decoupling element, and conse-
quently illustrated as a capacitor.

[0149] Infig. 12, the decoupling elements are illustrat-
ed as identical, however, the decoupling elements may
have different properties, such as different capacitance.
E.g. one group may have one property and another group
have their own, other property.

[0150] When including an antenna as disclosed herein
it is advantageous that the decoupling elements have a
capacitance in the range of 0,1 pF to 1000 pF, such as
0,5 to 250 pF, such as ,75 pF to 100 pF, such as 1 pF to
50 pF, such as 3 pF to 10 pF, such as around 6 pF, such
as around 50 pF, such as around 100 pF, such as around
200 pF, such as around 500 pF.

[0151] The decoupling elements in Fig. 12 are capac-
itors, however, in other versions, at least some of the
decoupling elements may be diodes, such as ESD di-
odes. The decoupling elements may even be parasitic
capacitances.

[0152] The connection of the wires to the substrate as
described here may be combined with the external an-
tenna with the internal parasitic element as described
above. In general, an antenna established in the connec-
tion member may be combined with other antenna ele-
ments inside the housing to be positioned behind the ear
of the user. This could be other extension, e.g. so as to
establish a dipole antenna where one arm of the antenna
is in the connection member and the other arm is inside
the behind-the-ear housing. Part of an antenna in the
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behind-the-ear housing may be at least partly coiled in-
side the housing, and/or extend between the top and bot-
tom part of the housing. Additionally, or alternatively, part
of an antenna may be included in the in-the-ear housing,
such as at least partly coiled in the in-the-ear housing.
[0153] In addition to the antenna described above, a
telecoil may be provided in the hearing aid, such as in
the housing to be positioned behind the ear.

[0154] Further, a recharge system may be provided to
allow the battery of the hearing aid to be recharged, e.g.
inductively recharged.

[0155] A hearing aid comprising such as speaker unit
as described above may be, but does need to be, de-
scribed as a hearing aid device comprising a first portion
adapted for being arranged behind an ear of a user for
providing a signal, a second portion adapted for being
arranged in or at the ear canal of the user, wherein an
output transducer configured to converting the signal to
an acoustic output is arranged in the second portion, a
coupling element coupled to the first portion, and wherein
the coupling element is adapted for transmitting at least
the signal, wherein the second portion is coupled to the
coupling element at the end opposite of the first portion,
an antenna comprising an external antenna part and an
internal antenna part, where the internal antenna part
includes a first antenna element, a second antenna ele-
ment, where a first end of the second antenna element
is arranged at one end of the first antenna element and
is connected thereto, and where a second end of the
second antenna element is connected to a ground plane,
and athird antenna elementwhichis spaced atadistance
from the second antenna element and connected to the
first antenna element, a feeding unit configured to supply
a current to the antenna via the third antenna element,
a wireless interface for receiving and/or sending data by
means of the antenna, and wherein the coupling element
comprises the external antenna part, and where the ex-
ternal antenna part is connected to the internal antenna
part, and wherein the coupling element comprises an
electrically conducting element coupled to the wireless
interface, and wherein the electrically conducting ele-
ment is at least a part of the external antenna part, where-
in a number of connection points in the second portion
receives a corresponding number of electrically conduct-
ing elements from the coupling element, and wherein a
plurality of decoupling elements are arranged between
some of the connection points.

[0156] In general, the entity including an interface to a
behind-the-ear housing and the output transducer and
the coupling element is often termed a speaker unit.
[0157] A speaker unit on its own, may be, but does
need to be, described as speaker unit comprising a cou-
pling component for a hearing aid device, wherein the
coupling element comprises an interface configured to
establish electrical connection to a first portion having a
housing configured to be arranged behind the ear of a
user, wherein the coupling element comprises an in-the-
ear part having a housing configured to be arranged at
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least partly in the ear canal of the user, and wherein the
coupling component comprises a connecting part con-
necting the interface to the in-the-ear housing, where the
connection member comprises a plurality of electrical
conductors and at least one electrical conductor being
part of an antenna, at least a multitude of the plurality of
electrical conductors being connected to a correspond-
ing multitude of connection point on a substrate arranged
in the in-the-ear housing, one decoupling device ar-
ranged between a first connection point of the multitude
of connection points and a second of the multitude of
connection points.

Claims

1. A hearing device (1) comprising a housing config-
ured to be positioned behind the ear of a person, and
an in-the-ear part (4) configured to be positioned at
least partly in the ear canal of the person, and a con-
nection member (6) configured to provide a mechan-
ical connection extending between the in-the-ear
housing and the behind-the-ear housing, an antenna
comprising an external antenna part (14) and an in-
ternal antenna part (13), the internal antenna part
includes a first antenna element, a second antenna
element where a first end of the second antenna el-
ement is arranged at one end of the first antenna
element and is connected thereto, and where a sec-
ond end of the second antenna element is connected
to a ground plane (26), and a third antenna element
which is spaced at a distance from the second an-
tenna element and connected to the first antenna
element, a feeding unit configured to supply a current
to the antenna via the third antenna element, a wire-
less interface for receiving and/or sending data by
means of the antenna, and wherein the connection
member comprises the external antenna part, and
where the external antenna part is connected to the
internal antenna part, and wherein the connection
member comprises a plurality of electrical conduc-
tors coupled to the wireless interface, and wherein
the plurality of electrical conductors are at least a
part of the external antenna part, at least a multitude
of the plurality of electrical conductors being con-
nected to a corresponding multitude of connection
point on a substrate arranged in the in-the-ear hous-
ing, one decoupling element arranged between a
first connection point of the multitude of connection
points and a second of the multitude of connection
points, and wherein the internal antenna part is part
of existing components of the hearing device, and
wherein the internal antenna part is an inverted F
antenna.

2. The hearing aid according to claim 1, wherein the
decoupling element is tuned to the operating fre-
quency or operating frequency interval of the anten-
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na.

3. The hearing aid according to claim 1 or 2, wherein
the decoupling element has a resonant frequency at
the operating frequency or operating frequency in-
terval of the antenna.

4. The hearing aid according to any one of claims 1-3,
wherein the decoupling element is a mainly or en-
tirely capacitive decoupling element.

5. The hearing aid according to any one of claims 1-4,
wherein additional decoupling elements are ar-
ranged between a subset of the multitude of connec-
tion points.

6. The hearing aid according to any one of claims 1-5,
wherein decoupling elements are arranged between
all of the multitude of connection points.

7. The hearing aid according to any one of claims 1-6,
wherein the decoupling elements are low impedance
decoupling elements at the operation frequency of
the antenna.

8. The hearing aid according to any one of claims 1-7,
wherein the decoupling elements are discrete ca-
pacitors having a capacitance in the range of 0,1 pF
-1000 pF.

9. The hearing aid according to any one of claims 1-8,
wherein the decoupling elements are ESD diodes.

10. The hearing aid according to any one of claims 1-9,
wherein the decoupling elements are parasitic ca-
pacitances.

Patentanspriiche

1. Horgerat (1), umfassend ein Gehause, das dazu
konfiguriert ist, hinter dem Ohr einer Person positi-
oniert zu werden, und ein In-dem-Ohr-Teil (4), das
dazu konfiguriert ist, zumindest teilweise in dem Ge-
hérgang der Person positioniert zu werden, und ein
Verbindungselement (6), das dazu konfiguriert ist,
eine mechanische Verbindung bereitzustellen, die
sich zwischen dem In-dem-Ohr-Gehause und dem
Hinter-dem-Ohr-Gehéause erstreckt, eine Antenne,
die ein externes Antennenteil (14) und ein internes
Antennenteil (13) umfasst, wobei das interne An-
tennenteil ein erstes Antennenelement, ein zweites
Antennenelement, wobei ein erstes Ende des zwei-
ten Antennenelements an einem Ende des ersten
Antennenelements angeordnet und damit verbun-
den ist und wobei ein zweites Ende des zweiten An-
tennenelements mit einer Masseebene (26) verbun-
den ist, und ein drittes Antennenelement, das in ei-
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nem Abstand von dem zweiten Antennenelement
beabstandet und mit dem ersten Antennenelement
verbunden ist, beinhaltet, eine Zufiihreinheit, die da-
zu konfiguriert ist, der Antenne Uber das dritte An-
tennenelement Strom zuzuflihren, eine drahtlose
Schnittstelle zum Empfangen und/oder Senden von
Daten mittels der Antenne, und wobei das Verbin-
dungselement das externe Antennenteil umfasst,
und wobei das externe Antennenteil mit dem inter-
nen Antennenteil verbunden ist, und wobei das Ver-
bindungselement eine Vielzahl elektrischer Leiter
umfasst, die mit der drahtlosen Schnittstelle gekop-
pelt ist, und wobei die Vielzahl elektrischer Leiter
mindestens ein Teil des externen Antennenteils ist,
wobei mindestens eine Menge der Vielzahl elektri-
scher Leiter mit einer entsprechenden Menge von
Verbindungspunkten auf einem Substrat, das in dem
In-dem-Ohr-Gehause angeordnetist, verbunden ist,
wobei ein Entkopplungselement zwischen einem
ersten Verbindungspunkt der Menge von Verbin-
dungspunkten und einem zweiten der Menge von
Verbindungspunkten angeordnet ist, und wobei das
interne Antennenteil Teil bestehender Komponen-
ten des Horgerats ist, und wobei das interne An-
tennenteil eine invertierte F-Antenne ist.

Hoérgerat nach Anspruch 1, wobei das Entkopp-
lungselement auf die Betriebsfrequenz oder das Be-
triebsfrequenzintervall der Antenne abgestimmt ist.

Hoérgerat nach Anspruch 1 oder 2, wobei das Ent-
kopplungselement eine Resonanzfrequenz bei der
Betriebsfrequenz oder dem Betriebsfrequenzinter-
vall der Antenne aufweist.

Hoérgerat nach einem der Anspriiche 1-3, wobei das
Entkopplungselement ein hauptsachlich oder voll-
sténdig kapazitives Entkopplungselement ist.

Hoérgerat nach einem der Anspriiche 1-4, wobei zu-
satzliche Entkopplungselemente zwischen einer
Teilmenge derVielzahl von Verbindungspunkten an-
geordnet sind.

Hoérgerat nach einem der Anspriiche 1-5, wobei Ent-
kopplungselemente zwischen allen der Vielzahl von
Verbindungspunkten angeordnet sind.

Hoérgerat nach einem der Anspriiche 1-6, wobei die
Entkopplungselemente niederohmige Entkopp-
lungselemente bei der Betriebsfrequenz der Anten-
ne sind.

Hoérgerat nach einem der Anspriiche 1-7, wobei die
Entkopplungselemente diskrete Kondensatoren
sind, die eine Kapazitat im Bereich von 0,1 pF-1000
pF aufweisen.
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9. Horgerat nach einem der Anspriiche 1-8, wobei die

Entkopplungselemente ESD-Dioden sind.

10. Hoérgerat nach einem der Anspriiche 1-9, wobei die

Entkopplungselemente parasitare Kapazitaten sind.

Revendications

Dispositif auditif (1) comprenant un boitier congu
pour étre positionné derriere I'oreille d’'une person-
ne, et une partie intra-auriculaire (4) congue pour
étre positionnée au moins en partie dans le conduit
auditif de la personne, et un élément de raccorde-
ment (6) congu pour fournir un raccordement méca-
nique s’étendant entre le boitier intra-auriculaire et
le boitier derriere 'oreille, une antenne comprenant
une partie antenne externe (14) et une partie anten-
ne interne (13), la partie antenne interne comprend
un premier élément d’antenne, un deuxiéme élé-
ment d’antenne ou une premiére extrémité du
deuxieme élément d’antenne est agencée au niveau
d’une extrémité du premier élément d’antenne et est
raccordée a celle-ci, et ou une seconde extrémité du
deuxieme élément d’antenne est raccordée a un
plan de masse (26), et un troisieme élément d’an-
tenne qui est espacé a distance du deuxiéme élé-
ment d’antenne et raccordé au premier élément
d’antenne, une unité d’alimentation congue pour
fournir un courant a I'antenne par l'intermédiaire du
troisieme élément d’antenne, une interface sans fil
destinée a recevoir et/ou a envoyer des données au
moyen de I'antenne, et ledit élément de raccorde-
ment comprenant la partie antenne externe, etou la
partie antenne externe est raccordée a la partie an-
tenneinterne, etledit élément de raccordement com-
prenant une pluralité de conducteurs électriques
couplés a l'interface sans fil, et ladite pluralité de
conducteurs électriques étant au moins une partie
de la partie antenne externe, au moins une multitude
de la pluralité de conducteurs électriques étant rac-
cordée a une multitude correspondante de points de
raccordement sur un substrat agencé dans le boitier
intra-auriculaire, un élément de découplage agencé
entre un premier point de raccordement parmila mul-
titude de points de raccordement et un second parmi
la multitude de points de raccordement, et ladite par-
tie antenne interne faisant partie de composants
existants du dispositif auditif, et ladite partie antenne
interne étant une antenne F inversée.

Prothése auditive selon la revendication 1, ledit élé-
ment de découplage étant réglé sur la fréquence de
fonctionnement ou l'intervalle de fréquence de fonc-
tionnement de I'antenne.

Prothése auditive selon la revendication 1 ou 2, ledit
élément de découplage possédant une fréquence
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de résonance a la fréquence de fonctionnement ou
alintervalle de fréquence de fonctionnement de I'an-
tenne.

Prothéese auditive selon'une quelconque des reven-
dications 1-3, ledit élément de découplage étant un
élément de découplage principalement ou entiére-
ment capacitif.

Prothese auditive selon'une quelconque des reven-
dications 1-4, des éléments de découplage supplé-
mentaires étant agencés entre un sous-ensemble
de la multitude de points de raccordement.

Prothese auditive selon 'une quelconque des reven-
dications 1-5, des éléments de découplage étant
agenceés entre la totalité de la multitude de points de
raccordement.

Prothése auditive selon'une quelconque des reven-
dications 1-6, lesdits éléments de découplage étant
des éléments de découplage a faible impédance au
niveau de la fréquence de fonctionnement de I'an-
tenne.

Prothese auditive selon 'une quelconque des reven-
dications 1-7, lesdits éléments de découplage étant
des condensateurs distincts possédant une capacité
comprise dans la plage de 0,1 pF - 1 000 pF.

Prothese auditive selon'une quelconque des reven-
dications 1-8, lesdits éléments de découplage étant
des diodes ESD.

Prothéese auditive selon'une quelconque des reven-
dications 1-9, lesdits éléments de découplage étant
des capacités parasites.
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