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(54) A HEARING DEVICE INCLUDING AN EXTERNAL ANTENNA AND AN INTERNAL PARASITIC 
ELEMENT

(57) The disclosure presents a method and a hearing
device comprising a first portion adapted for being ar-
ranged behind an ear of a user for providing a signal, an
output transducer for converting the signal to an acoustic
output, a coupling element coupling to the first portion,
an antenna comprising an external antenna arranged at
least externally to the first portion and an internal parasitic

element, a feeding unit configured to supply a current to
the external antenna, and the feeding unit is further con-
figured to supply the current to the internal parasitic ele-
ment via a wireless coupling, a wireless interface for re-
ceiving and/or transmitting data by means of the antenna,
and wherein the coupling element comprises the external
antenna.
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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 a second portion adapted for being
arranged distantly from the first portion, and where the
first portion and the second portion are coupled via elec-
trically coupling element being part of an external anten-
na.

BACKGROUND

[0002] Hearing aids for compensating a wearer’s hear-
ing loss are well known. The present invention is partic-
ularly related to such kinds of hearing devices. However,
the present invention 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 "hear-
ing 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] It is 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-
er in 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] Additionally, an antenna comprising multiple
electrically conducting elements having multiple purpos-
es, such as being part of the antenna and carrying a
signal to for example an output transducer, it is known
that adding more electrically conducting elements to the
antenna will have a severe impact on the bandwidth of
the antenna.

SUMMARY

[0007] 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
range of about 2.45 GHz to about 5.5 GHz.
[0008] A further object of the present disclosure is to
provide a solution to the previous object without increas-
ing the size of the hearing device by for example using
existing parts of the hearing device to improve the band-
width of the antenna.
[0009] Objects of the present disclosure are achieved
by the present disclosure described in the accompanying
claims and as described in the following.
[0010] 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 coupling to the
first portion, an antenna comprising an external antenna
arranged at least externally to the first portion and an
internal parasitic element, a feeding unit configured to
supply a current to the external antenna, and the feeding
unit is further configured to supply the current to the in-
ternal parasitic element via a wireless coupling, a wire-
less interface for receiving and/or transmitting data by
means of the antenna, and wherein the coupling element
comprises the external antenna, and wherein the cou-
pling element comprises an electrically conducting ele-
ment coupled to the wireless interface, and wherein the
electrically conducting element is at least a part of the
external antenna.
[0011] In the description below the wireless coupling
may be referred as being a magnetic coupling and/or a
capacitive coupling.
[0012] 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 signal to 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, a coupling
element coupling the first portion and the second portion,
and wherein the coupling element may be adapted for
transmitting at least the signal to the output transducer,
an antenna comprising an external antenna arranged at
least externally to the first portion and an internal parasitic
element arranged internally in the first portion, a feeding
unit configured to supply a current to the external anten-
na, and the feeding unit together with the external anten-
na is further configured to supply the current to the inter-
nal parasitic element via a magnetic coupling and/or a
capacitive coupling, a wireless interface for receiving
and/or transmitting data by means of the antenna. Fur-
thermore, the coupling element comprises an electrically
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conducting element coupled to the wireless interface,
and wherein the electrically conducting element may be
at least a part of the external antenna.
[0013] The advantage of combining the external an-
tenna 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.
[0014] 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.
[0015] The first portion may be arranged behind the
ear of the user, such as between the pinna and the skull
of the user.
[0016] 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.
[0017] 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 at least an electrically conducting element, where
the electrically conducting element is 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.
[0018] The coupling element may comprise two or
more electrically conducting elements, such as between
2 and 12, 2 and 10, or 2 and 6.
[0019] The second portion and/or the external part may
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 microphone, a light emit-
ting diode, or a photodetector. The second portion may
comprise an acoustical vibrator or vibrator for bone con-
duction.
[0020] The microphone may be used as a sensor for
capturing biometric signals from the body of the user
wearing the hearing aid.
[0021] The multiple sensors may be used in combina-
tion with audio processing in order to improve the hearing
of the hearing impaired user of the hearing aid.
[0022] The second portion and/or the external part may
include a memory and a processor for controlling the sen-
sors and/or processing signals to be detected or trans-
mitted by the sensors.
[0023] 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.
[0024] 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 the internal parasitic element.
[0025] The second portion may be adapted to be ar-
ranged distantly from the first portion and in proximity to
a skin of the user.
[0026] The coupling element may comprise 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 external antenna in the form of electrically con-
ducting element(s).
[0027] The coupling element may comprise a core,
where the core may include the external antenna in the
form of electrically conducting element(s).
[0028] 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.
[0029] The hearing device may comprise at least two
coupling elements, where a first coupling element may
be coupled to the first portion, or the first coupling element
may be coupled to the first 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 may comprise electrical conducting element(s)
where the external antenna may be part of both coupling
elements or one of the coupling elements. In the example
where the external antenna is part of both coupling ele-
ments, a first coupling element may comprise a first group
of electrically conducting element, and a first external
antenna may be part of the first group of electrically con-
ducting element. The second coupling element may com-
prise a second group of electrically conducting element,
and a second external antenna may be part of the second
group of the electrically conducting element.
[0030] Having multiple coupling elements results in a
reduced size of the first portion since more technical fea-
tures may be implemented in to both the second portion
and/or the external part due to the possibility of imple-
menting more electrically conducting elements into the
coupling element(s). Additionally, the advantage of hav-
ing two coupling elements is that the hearing device can
communicate to other external devices via multiple dif-
ferent or similar wireless communication protocol links
with minimal interference between the links. Each cou-
pling element may be configured to communicate via one
of the links The interference between the links is minimal
since the distance between the coupling elements is
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much larger than if they were inside the first portion. The
multiple coupling elements may comprise a first coupling
element and a second coupling element. The first cou-
pling element may comprise a first group of electrically
conducting elements and the second coupling element
may comprise a second group of electrically conducting
elements. The first group of electrically conducting ele-
ments may be connected to a first wireless interface con-
figured to communicate Bluetooth at about 2.45 GHz,
and the second group of electrically conducting elements
may be connected to a second wireless interface config-
ured 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 portion.
[0031] The multiple coupling elements may be con-
nected to the ground plane, and in order to minimize the
coupling between the coupling elements via the ground
plane, the position of the connection of the coupling el-
ements to the ground plane should be determined by a
current distribution in the ground plane of the respective
coupling elements. For example, if positioning the con-
nection of the first coupling element to the ground plane
where the current in the current distribution of the second
coupling element is minimized, then the coupling be-
tween the coupling elements is minimized. A minimum
of 12 dB isolation between the coupling elements is need-
ed.
[0032] It is important to understand that main part of
the external antenna is positioned outside the first por-
tion. The external antenna may be an electrically con-
ducting element, such as a wire or a flexible printed circuit
board element. The electrically conducting element may
be connected to the wireless interface and terminated
within the coupling element and/or within the second por-
tion and/or within the external part.
[0033] Each of the electrically conducting elements
may be part of the external antenna and configured to
be part of a transmission of data, audio or other kind of
none wireless signal between the first portion and the
second portion. Thereby, the electrically conducting el-
ements may for example be connected to other electrical
elements within the first portion. The other electrical el-
ements may for example be an audio generator element
configured to generate an audio signal for being trans-
ported by the electrical conducting element(s) to a trans-
ducer within the second portion and/or the first portion.
However, each of the electrically conducting elements
may further be connected to a de-coupler and the wire-
less interface. The de-coupler is configured to decouple
the electrically conducting element from the other elec-
trical element at a frequency which the antenna is con-
figured to communicate.
[0034] The external antenna may at least be adapted
for carrying the signal upon transmission to the output
transducer
[0035] The external antenna 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 wire-
less interface, and/or a decoupler and/or other electrical
elements inside the first portion.
[0036] The decoupler may either be a coil or an inte-
grated circuit (IC). By having a decoupler which is imple-
mented as an IC within the first portion will result in a
smaller hearing device compared to a hearing device
where the decoupler is a coil. In known solutions the de-
coupler is a coil and not an IC.
[0037] The integrated circuit may comprise multiple
decouplers, and thereby, the size of the antenna includ-
ing the decouplers will be reduced significantly.
[0038] 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.
[0039] 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.
[0040] 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 and wireless coupled to the internal parasitic ele-
ment.
[0041] The internal parasitic element may be a passive
element being electrically conductive and connected to
the ground plane.
[0042] An electrical length of the internal parasitic el-
ement may be λ/4 or λ/4 + x*λ)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. The electrical length may
be any length, and where the impedance match between
the internal parasitic element and the external antenna
is obtained by an impedance matching circuit. The im-
pedance matching circuit may comprise one or more ca-
pacitance 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.
[0043] The antenna may be connected to a wireless
interface being configured to transmit and/or receive au-
dio or data. 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.
[0044] The hearing device may comprise the second
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portion which may be adapted for being arranged dis-
tantly from the first portion and for providing the acoustic
output to the user, wherein the second portion includes
the output transducer, and wherein the 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 output transducer, and wherein
the coupling element comprises an electrically conduct-
ing element coupled to the wireless interface, and where-
in the electrically conducting elements is at least a part
of the external antenna.
[0045] The second portion is arranged in an ear canal
of the user and/or on a skin part of the user.
[0046] 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 and 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.
Additionally, at least a part of the external antenna and
the internal parasitic element may be arranged within the
first portion such that a capacitive coupling is provided
between the internal parasitic element and the external
antenna. The capacitive coupling improves the produc-
tion tolerance of antenna.
[0047] 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 may be positioned within the hearing device
such that the current guided by the ground plane is cou-
pled magnetically to the internal parasitic element. By
having the ground plane the internal parasitic element
can be positioned further away as compared to the pre-
vious antenna solution where the internal parasitic ele-
ment receives the current directly via the wireless cou-
pling to the feeding unit.
[0048] The coupling element may comprise one or
more shield elements for shielding the external antenna
such that electrical elements within the first portion, the
second portion, the external part and/or external devices
will not be affected negatively by radiation from the an-
tenna 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.
[0049] The external device may be a cellphone, a com-
puter or any electronic devices which is not part of the
hearing device.
[0050] 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.
[0051] 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.
[0052] 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.
[0053] The second antenna may be within the first por-
tion connected to the wireless interface and another elec-
trical element within the first portion.
[0054] An object of the present disclosure is achieved
by a method for a wireless receiving and/or transmitting
of data in a hearing device comprising a coupling element
coupling to a first portion, a first portion providing a signal
and an output transducer for converting the signal to an
acoustic output, the method comprising the steps of:

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

• supplying a current to the external antenna by a feed-
ing unit,

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

• supplying the current to the internal parasitic element
via a magnetic coupling or a capacitive coupling,

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

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

[0055] An additional object of the present disclosure is
achieved by a method for a wireless receiving and/or
transmitting of data in a hearing device comprising a cou-
pling element coupling a first portion and a second portion
of the hearing device, a first portion providing a signal
and a second portion comprising an output transducer
for converting the signal to an acoustic output, the method
comprising the steps of:

• providing an electrically conducting element in the
coupling element where the electrically conducting
element is at least part of a main antenna,

• supplying a current to the electrically conducting el-
ement by a feeding unit,

• providing an internal parasitic element,
• supplying the current to the internal parasitic element

via a wireless coupling,
• arranging the first portion behind an ear of a user of

the hearing aid,
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• arranging the second portion in an ear canal of the
user and/or arranging an external part on the skin of
the user, and connecting the external part to the first
portion via another coupling element, and

• receiving and/or transmitting data by means of the
electrically conducting element.

[0056] 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 at least 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
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.
[0057] The hearing 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.
[0058] 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.
[0059] 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.
[0060] 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.
[0061] An electrical length of the internal parasitic el-
ement may be λ/4 or λ/4 + x*λ/2, where x is a number,
such as 0, 1, 2, 3 etc.
[0062] 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.
[0063] 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.
[0064] 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.
[0065] The two or more electrically conducting ele-
ments may be terminated within the second portion, ex-
ternal part or within the coupling element (or within the
second coupling element).
[0066] The electronic device(s) within the second por-
tion may be a transducer, such as another output trans-
ducer or a microphone, and/or an accelerometer, an elec-
trode, a light emitting diode, and/or a photodetector.
[0067] 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.
[0068] The coupling element may comprise one or
more shield elements for shielding the external antenna.
[0069] 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.
[0070] 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.
[0071] 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:

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

• supplying a current to the external antenna by a feed-
ing unit,

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

• supplying the current to the internal parasitic element
via wireless coupling,

• arranging the first portion behind an ear of a user of
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the hearing aid, and
• receiving and/or transmitting data by means of the

external antenna.

[0072] An external antenna part is similar to the exter-
nal antenna.
[0073] 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 at least the signal or the acous-
tic output, an antenna comprising an external antenna
part and an internal antenna part, where the internal an-
tenna 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 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, 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 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.
[0074] The hearing 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.
[0075] 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.
[0076] 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.
The first antenna element, the second antenna element
and the third antenna element may be formed by an elec-
trically conducting path mounted on a conducting plate,
where the electrically conducting path is connected to
the electrically conducting element of the external anten-

na part.
[0077] 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.
[0078] An electrical length of the first antenna element,
the second antenna element and the external antenna
part may be in total λ/4 or λ/4 + x*λ)2, where x is a number,
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 λ/4 or x* λ/4
+/- λ/2, where x is an odd number such as 3, 5, 7 etc.
[0079] An electrical length of the ground plane may be
λ/4 or λ/4 + x*λ)2, where x is a number, such as 0, 1, 2,
3 etc.
[0080] The internal antenna part may comprise a fourth
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.
[0081] 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.
[0082] The current within the feeding unit may be mag-
netically and/or capacitive coupled to the internal para-
sitic element.
[0083] 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.
[0084] An electrical length of the internal parasitic el-
ement may be λ/4 or λ/4 + x*λ/2, where x is a number,
such as 0, 1, 2, 3 etc.
[0085] 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.
[0086] The electrically conducting element may be at
least adapted for carrying the signal upon transmission
to the output transducer.
[0087] 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
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adapted for carrying a signal provided by the first portion
to the connected electronic device.
[0088] 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).
[0089] 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.
[0090] 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
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.
[0091] The coupling element may comprise one or
more shield elements for shielding the external antenna
part.
[0092] 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.
[0093] 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.
[0094] 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:

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

• 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,

• 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,

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

receiving and/or sending data by the antenna.

[0095] The external antenna may be arranged exter-
nally to the first portion and the second portion, and within
the coupling element, where a first end of the external
antenna is connected to the first portion and a second
end of the external antenna is connected to the second
portion.
[0096] The internal parasitic element may be arranged
within the first portion.

BRIEF DESCRIPTION OF DRAWINGS

[0097] 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. The individual features of each aspect may
each be combined with any or all features of the other
aspects. 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-
vice and an example of the antenna
within the hearing device,

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

Figs. 3a - 3d, illustrate an example of the hearing de-
vice,

Figs. 4a - 4c, illustrate a further example of the hear-
ing device,

Figs. 5a - 5b, illustrate an example of the hearing de-
vice and a simulation of the resonance
frequency,

Figs. 6, illustrates an example of a coupling el-
ement,

Figs. 7a - 7b, illustrate an example of the hearing de-
vice including a shield element,

Fig. 8, illustrates a flow diagram of a method.

DETAILED DESCRIPTION

[0098] 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
a thorough 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
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thereof.
[0099] 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-
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.
[0100] 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.
[0101] 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 at least
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 to receive 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.
[0102] In general, a hearing device includes i) an input
unit such as a microphone 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-
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.
[0103] 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.
[0104] It should be appreciated that reference 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. Various modifica-
tions to these aspects will be readily apparent to those
skilled in the art, and the generic principles defined herein
may be applied to other aspects.
[0105] The claims are not intended to be limited to the
aspects shown herein, but is to be accorded the full scope
consistent with the language of the claims, wherein ref-
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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.
[0106] Accordingly, the scope should be judged in
terms of the claims that follows.
[0107] 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 14 arranged at least ex-
ternally to the first portion 2 and an internal parasitic el-
ement 12, a feeding unit 20 configured to supply a current
to the external antenna14, and the feeding unit 20 is fur-
ther configured to supply the current to the internal par-
asitic element 12 via a wireless coupling(22, 23), a wire-
less interface 16 for receiving and/or transmitting data
by means of the antenna 8, and wherein the coupling
element 6 comprises the external antenna 14. In this spe-
cific 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 out-
put to the user, where the second portion 4 includes the
output transducer 10. The coupling element 6 is coupling
the first portion 2 and the second portion 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 wireless interface 16, and
wherein the electrically conducting elements 18 is at least
a part of the external antenna 14.
[0108] Fig. 1b illustrates the antenna 8 comprising the
internal parasitic element 12 and the external antenna
(14, 18). In this particular example, the antenna 8 com-
prises a main plane 11 wherein the internal parasitic el-
ement 12 is part of the main plane 11 and connected to
a ground plane 26. Furthermore, the main plane 11 com-
prises an extended ground plane 26, and the main plane
11 comprises the external antenna 14 with multiple elec-
trically conducting elements 18A - 18E. Each of the elec-
trically conducting elements 18A - 18E are coupled to a
decoupler (not shown) and the feeding unit 20. The cou-
pling between the electrically conducting elements 18A
- 18E are provided beneath the main plane 11. The in-
ternal parasitic element 12 is wireless coupled, via mag-
netic coupling 22 and/or capacitive coupling 23, to the
feeding unit 20.
[0109] Fig. 1c illustrates the antenna 8 where the in-
ternal parasitic element is not part of the main plane 11
but instead is mounted distantly from the external anten-
na 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.

[0110] Fig. 2 illustrates the antenna 8 within the hearing
device 1. This specific example is similar to Fig. 1b, how-
ever, in this example the internal parasitic element 12
comprises an extended part 12A, i.e. an extended inter-
nal parasitic element 12a which is not part of the main
plane 11. The extended internal parasitic element 12a is
mainly capacitive coupled 23 to the external antenna (14;
18, 18B) and magnetically coupled 22 with the feeding
unit 20. The electrical length of the internal parasitic el-
ement is λ/4 or x* λ/4 +/- λ/2, where x is an odd number
such as 3, 5, 7 etc.
[0111] Figs 3a - 3d illustrate the hearing device 1 worn
by a user 30. Fig. 3a 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. Fig. 3b illustrates
a cochlear hearing aid 1 where the first portion 2 is con-
nected 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
element. Fig. 3c illustrates a cochlear hearing aid 1 where
the first portion 2 is connected 6 to the external part 4b
only. Fig. 3d illustrates a hearing device 1 where the cou-
pling element 6 is an earhook.
[0112] Figs. 4a - 4c 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 14. Fig. 4a illustrates that the electrically
conductive elements 18 are terminated within the second
portion 4 and connected to an output transducer 10. Fig.
4b illustrates that the electrically conductive elements 18
are terminated within the coupling element 6. The first
portion comprises the output transducer. Fig. 4c illus-
trates 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.
[0113] Fig. 5a - 5b illustrate a simulation of the hearing
device 1 as described in Fig. 2, where the external an-
tenna 14 comprises six electrically conductive elements
18A - 18E. The simulation shows clearly the advantage
of applying an internal parasitic element 12 to the antenna
8. Fig. 5a illustrates the hearing device 1, and Fig. 5b
illustrates the simulation result of the hearing device 1
with and without the internal parasitic element 12. The
result shows that the 10dB bandwidth of the antenna with-
out the internal parasitic element 12 is less than the 10
dB bandwidth of the antenna 8 with the internal parasitic
element 12. This clearly shows that the solution with mul-
tiple electrically conductive elements 18A - 18E, acting
as the external antenna 14, has an improved bandwidth

17 18 



EP 3 343 953 A1

11

5

10

15

20

25

30

35

40

45

50

55

when including the internal parasitic element 12 into the
design of the antenna 8.
[0114] Fig. 6 illustrates the coupling element 6 includ-
ing a shield element 32 twisted around the electrically
conductive elements (18A, 18B).
[0115] Figs 7a - 7b illustrates different example of the
shield element 32. Fig. 7a shows the shield element 32
being terminated to ground 34 within the first portion 2.
Fig. 7b shows the shield element 32 being connected to
the wireless interface 16 via a bandpass filter 32.
[0116] Fig. 8 illustrates a method 100 for a wireless
receiving and/or and/or transmitting of audio/data in the
hearing device 1 comprising the coupling element 6 cou-
pling to the first portion 2, where the first portion 2 pro-
viding a signal, and an output transducer 10 configured
to convert the signal to an acoustic output. The method
100 comprising the steps of providing an external anten-
na 14 in the coupling element 6 and at least externally
to the first portion 2 (Step A), supplying a current to the
external antenna 14 by a feeding unit 20 (Step B), pro-
viding an internal parasitic element 12 internally in the
first portion 2 (Step C), supplying the current to the inter-
nal parasitic element 12 via a magnetic coupling or a
capacitive coupling (Step D), arranging the first portion
2 behind an ear of a user of the hearing aid (Step E), and
receiving and/or transmitting data by means of the exter-
nal antenna 14 (Step G). Optionally, the method 100 is
further comprising arranging a second portion 4 in an ear
canal of the user and where the second portion 4 is cou-
pled to the coupling element 6, and/or arranging an ex-
ternal part 4b on the skin of the user, and connecting the
external part 4b to the first portion 2 via another coupling
element 6 (Step F)

Claims

1. A hearing device comprising;

- a first portion adapted for being arranged be-
hind an ear of a user for providing a signal,
- an output transducer for converting the signal
to an acoustic output,
- a coupling element coupling to the first portion,
- an antenna comprising an external antenna
arranged at least externally to the first portion
and an internal parasitic element within the first
portion,
- a feeding unit configured to supply a current to
the external antenna, and the feeding unit is fur-
ther configured to supply the current to the in-
ternal parasitic element via a wireless coupling,
- a wireless interface for receiving and/or trans-
mitting data by means of the antenna, and

wherein the coupling element comprises the external
antenna, and wherein the coupling element compris-
es an electrically conducting element coupled to the

wireless interface, and wherein the electrically con-
ducting element is at least a part of the external an-
tenna.

2. A hearing device according to claim 1, comprising a
second portion 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 portion and the second portion, and
wherein the coupling element is adapted for trans-
mitting at least the signal and/or the acoustic output.

3. A hearing device according to claim 1 or 2, compris-
ing 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 element is coupling the first por-
tion 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 inter-
face, and wherein the electrically conducting ele-
ment is at least a part of the external antenna.

4. A hearing device according to claim 2 or 3, wherein
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 ar-
ranged on a skin part of the user.

5. A hearing device according any of the previous
claims, wherein the current within the feeding unit is
magnetically coupled to the internal parasitic ele-
ment.

6. A hearing device according to any of the previous
claims, wherein the antenna comprises 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 de-
vice such that the current guided by the ground plane
is coupled magnetically to the internal parasitic ele-
ment.

7. A hearing device according to any of the previous
claims, wherein an electrical length of the internal
parasitic element is λ/4 or λ/4 + x*λ)2, where x is a
number, such as 0, 1, 2, 3 etc.

8. A hearing device according to any of the previous
claims, wherein at least a part of the external antenna
is 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.

9. A hearing device according to claim 2, wherein the
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second portion comprises the output transducer, and
wherein the external antenna element is at least
adapted for carrying the signal upon transmission to
the output transducer.

10. A hearing device according to any of the previous
claims, wherein the external antenna comprises mul-
tiple electrically conducting elements, where two or
more electrically conducting elements are connect-
ed to one or more electronic devices mounted within
the second portion 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 electronic devices within the sec-
ond portion.

11. A hearing device according to claim 10, wherein the
two or more electrically conducting elements are ter-
minated within the second portion or within the cou-
pling element.

12. A hearing device according to claim 10, wherein the
electronic device(s) within the second portion is a
transducer, such as another output transducer or a
microphone, and/or an accelerometer, an electrode,
a light emitting diode, and/or a photodetector.

13. A hearing device according to any of the previous
claims, wherein the wireless interface is adapted for
receiving and/or transmitting data by electromagnet-
ic 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 fre-
quency of 5.5 GHz.

14. A hearing device according to any of the previous
claims, wherein the coupling element comprises one
or more shield elements for shielding the external
antenna.

15. A hearing device according to claim 14, wherein the
shield element is connected to the wireless interface
via a bandpass filter, or the shield element is con-
nected to a ground plane within the first portion.

16. A hearing device according to any of the previous
claims, wherein the feeding unit is configured to sup-
ply the current to a second antenna being at least
part of the antenna, and wherein the external anten-
na and the second antenna are electrically coupled
together by a capacitive coupling or a magnetic cou-
pling so that the second antenna is able to extend
the operation of the external antenna.

17. A method for a wireless receiving and/or transmitting
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 converting the signal to an acoustic output, the
method comprising the steps of:

• providing an external antenna in the coupling
element and at least externally to the first por-
tion,
• supplying a current to the external antenna by
a feeding unit,
• providing an internal parasitic element inter-
nally in the first portion,
• supplying the current to the internal parasitic
element via wireless coupling,
• arranging the first portion behind an ear of a
user of the hearing aid, and
• receiving and/or transmitting data by means of
the external antenna.
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