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(54) A hearing aid with an antenna

(57) A hearing aid having an antenna is provided, the
hearing aid being adapted for wireless communication,
such as for wireless communication with accessory
and/or other hearing aids. The hearing aid comprises a
hearing aid assembly having a microphone for reception
of sound and conversion of the received sound into a
corresponding first audio signal, and a signal processor
for processing the first audio signal into a second audio
signal compensating a hearing loss of a user of the hear-
ing aid. The hearing aid comprises a wireless communi-
cation unit configured for wireless data communication,

and an antenna for emission or reception of an electro-
magnetic field. The antenna is interconnected with the
wireless communication unit, and the antenna has a total
length between three quarters of a wavelength and five
quarters of a wavelength. At least a part of the antenna
extends from a first side of the hearing aid to a second
side of the hearing aid, and the antenna may have a
midpoint at said part of the antenna or a distance between
the antenna midpoint and said part may be less than a
quarter of a wavelength.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to the field of
hearing aids having antennas, especially adapted for
wireless communication, such as for wireless communi-
cation with accessory and/or other hearing aids.

BACKGROUND

[0002] Hearing aids are very small and delicate devic-
es and comprise many electronic and metallic compo-
nents contained in a housing small enough to fit in the
ear canal of a human or behind the outer ear. The many
electronic and metallic components in combination with
the small size of the hearing aid housing impose high
design constraints on radio frequency antennas to be
used in hearing aids with wireless communication capa-
bilities.
[0003] Moreover, the antenna in the hearing aid has
to be designed to achieve a satisfactory ear-to-ear per-
formance despite the size limitation and other high design
constraints.

SUMMARY

[0004] It is an object of the present invention to over-
come at least some of the disadvantages as mentioned
above, and it is a further object to provide a hearing aid.
The hearing aid with a hearing aid assembly comprises
a housing for accommodating the hearing aid assembly,
a microphone for reception of sound and conversion of
the received sound into a corresponding first audio sig-
nal, and a signal processor for processing the first audio
signal into a second audio signal compensating a hearing
loss of a user of the hearing aid. The hearing aid com-
prises a wireless communication unit configured for wire-
less data communication, and an antenna for emission
or reception of an electromagnetic field. The antenna is
interconnected with the wireless communication unit,
and the antenna may have a total length between three
quarters of a wavelength and five quarters of a wave-
length. At least a part of the antenna extends from a first
side of the hearing aid to a second side of the hearing
aid, and the antenna may have a midpoint at said part of
the antenna or a distance between the antenna midpoint
and said part may be less than a quarter of a wavelength.
[0005] In the following the invention is described pri-
marily with reference to a hearing aid, such as a binaural
hearing aid. It is however envisaged that the disclosed
features and embodiments may be used in combination
with any aspect of the invention.
[0006] It is an advantage of the hearing aid disclosed
herein that a wireless communication around the head
which is more robust to impairments and which results
in a better ear-to-ear connectivity for the hearing aid may
be provided. The wireless communications unit is con-

figured for wireless data communication, and in this re-
spect interconnected with the antenna for emission and
reception of an electromagnetic field. The wireless com-
munications unit may comprise a transmitter, a receiver,
a transmitter-receiver pair, such as a transceiver, a radio
unit, etc. The wireless communications unit may be con-
figured for communication using any protocol as known
for a person skilled in the art, including Bluetooth, WLAN
standards, manufacture specific protocols, such as tai-
lored proximity antenna protocols, such as proprietary
protocols, such as low-power wireless communication
protocols, etc.
[0007] The current flowing in the antenna may form
standing waves along the length of the antenna, and for
proper operation, the antenna may be operated at, or
approximately at, a frequency at which the length of the
antenna is between three quarters of a wavelength of the
emitted electromagnetic field and five quarters of a wave-
length of the emitted electromagnetic field. Thus, the an-
tenna may comprise several sections interconnected in
order to obtain a combined length of the antenna appro-
priate for emission of the desired wavelength of the elec-
tromagnetic field.
[0008] The antenna having a total length between ª
of a wavelength and 5/4 of a wavelength and having a
midpoint at or near the at least part of the antenna ex-
tending from a first side of the hearing aid to a second
side of the hearing aid may be structured so that the
current has a maximum in or proximate the said part.
Furthermore, the antenna may be structured so that the
combined length of the antenna elements has the desired
length for effective emission of the desired electromag-
netic field.
[0009] In some embodiments, the desired distance be-
tween the antenna midpoint and said part may preferably
be a quarter wavelength or less than a quarter wave-
length of the electromagnetic radiation. However, it is
envisaged that the path of current flowing in the antenna
exhibits a number of bends due to the different orienta-
tions of the sections provided in such a way that the an-
tenna fits inside the hearing aid housing while simulta-
neously being configured for a maximum being reached
in the desired section of the antenna at the desired elec-
tromagnetic frequency. The exact location of the maxi-
mum amplitude of the current may depend on the mag-
nitude of the current at the antenna excitation points and
the length of the antenna.
[0010] In some embodiments, a current running
through the antenna has a maximum amplitude in the
part of the antenna extending from a first side to a second
side of the hearing aid during emission of the electro-
magnetic field. A maximum amplitude in the said part of
the antenna may provide an optimal transmission that
supports the circumvention of the obstacle presented by
the head.
[0011] The part of the antenna extending from a first
side of the hearing aid to a second side of the hearing
aid may be a linear section, e.g. such as a rod-shaped
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section, and may be positioned so that the longitudinal
direction of the said part is parallel to an ear to ear axis
when the housing is worn in its operational position by
the user, or in other words perpendicular to, or substan-
tially perpendicular to, the surface of the head or any
other body part proximate the operational position of the
said part.
[0012] In one or more embodiments, having a maxi-
mum amplitude in or proximate the part of the antenna
extending from a first side of the hearing aid to a second
side of the hearing aid, may make the antenna suitable
for wireless communication between devices located in
opposite ears or proximate opposite ears due to advan-
tageous features of the emitted electromagnetic field as
further explained below.
[0013] The housing of the hearing aid may be a behind-
the-ear housing configured to be positioned behind the
ear of the user during use. The first side of the housing
may e.g. be a first longitudinal side of the hearing aid,
and the second side of the housing may be e.g. a second
longitudinal side of the hearing aid. The antenna may be
accommodated in the housing with a longitudinal direc-
tion of the antenna extending along the length of the
housing. Preferably, the antenna may be accommodated
within the hearing aid housing, preferably so that the an-
tenna is positioned inside the hearing aid housing without
protruding out of the housing.
[0014] In one or more embodiments, the antenna may
form a loop. The antenna may comprise several sections
interconnected so as to form a loop. The loop antenna
may form an open loop, with a space between two an-
tenna ends.
[0015] The antenna may have a first end and a second
end, and the total length of the antenna may be a total
length of the antenna between the first end and the sec-
ond end. A distance along and/or a length of the antenna
may be measured along the antenna structure.
[0016] In one or more embodiments, an absolute rel-
ative difference between the total length of the antenna
and the wavelength may be less than a threshold. With
the antenna having a first end and a second end, a rel-
ative difference between a length of the antenna from
the first end to the midpoint and a length from the second
end to the midpoint may be less than a threshold. Thus,
for example the length of the antenna as measured from
the first end to the midpoint may be substantially equal
to the length of the antenna as measured from the second
end to the midpoint. Thus, the midpoint may be an ab-
solute geometric midpoint, or the midpoint may be an
approximate midpoint provided within an interval, such
as within an interval of +/-5%, +/- 10%, +/- 15%, etc.
[0017] The antenna may have a first antenna section
extending along a first side of the hearing aid assembly,
the first antenna section having a first end and a second
end. The antenna may have a second antenna section
extending along a second side of the hearing aid assem-
bly, the second antenna section having a first end and a
second end. The antenna may have a third antenna sec-

tion, the third antenna section being connected with the
second end of the first antenna section and with the sec-
ond end of the second antenna section. The antenna
may have an excitation point for the antenna being pro-
vided at or near the first end of the first and/or second
antenna section. The first and/or the second section of
the antenna may be connected to the wireless commu-
nication unit and configured so that the third section con-
ducts current of large amplitude at the desired transmis-
sion frequency of the electromagnetic field. In some em-
bodiments, the midpoint of the antenna may be located
at the third section. Hereby, a major part of the power of
the electromagnetic field emitted by the antenna and
propagating from the antenna at one ear around the head
to either an opposite ear of the user or to an external
device, such as an accessory, is contributed by the third
section of the antenna. Preferably, the current in the an-
tenna has a maximum current amplitude at the third sec-
tion.
[0018] Additionally or alternatively, the second side of
the hearing aid may be opposite the first side.
[0019] In one or more embodiments, the first antenna
section has a first length, the second antenna section
has a second length, and the third antenna section has
a third length. A sum of the first length, the second length
and the third length may then be a total length of the
antenna.
[0020] The first section of the antenna may be a first
linear section, e.g. such as a rod-shaped section, that is
positioned so that the longitudinal direction of the first
section is perpendicular to the ear to ear axis when the
housing is worn in its operational position by the user, or
in other words parallel to, or substantially parallel to, the
surface of the head or any other body part proximate the
operational position of the first section. The second sec-
tion of the antenna may be a second linear section, e.g.
such as a rod-shaped section, that is positioned parallel
to the first section.
[0021] In one or more embodiments, a distance from
a first end of the first or second antenna section to the
third antenna section may be between a quarter of a
wavelength and half a wavelength.
[0022] Preferably, a midpoint of the antenna may be
positioned at the third section. The third section may ex-
tend from proximate the first side to proximate the second
side of the hearing aid assembly. The third section may
be a linear section, e.g. such as a rod-shaped section,
that is positioned so that the longitudinal direction of the
third section is parallel to the ear to ear axis when the
housing is worn in its operational position by the user, or
in other words perpendicular to, or substantially perpen-
dicular to, the surface of the head or any other body part
proximate the operational position of the third section.
[0023] The configuration of the third section, which is
positioned so that current flows with a maximum ampli-
tude in the third section in a direction in parallel to, or
substantially in parallel to, an ear to ear axis of the user
makes the antenna suitable for wireless communication
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around the head of a user between devices located in
opposite ears or proximate opposite ears due to advan-
tageous features of the emitted electromagnetic field.
[0024] In general, various sections of the antenna may
be formed having different geometries, the sections may
be wires or patches, bend or straight, long or short as
long as they obey the above relative configuration with
respect to each other such that at a total length of the
antenna is between three quarters of a wavelength and
five quarters of a wavelength, and the antenna has mid-
point at a part of the antenna extending from a first side
of the hearing aid to a second side of the hearing aid (or
a distance between the antenna midpoint and said part
extending from a first side of the hearing aid to a second
side of the hearing aid is less than a quarter wavelength).
Hereby, any attenuation experienced by the surface
wave travelling around the head may be reduced.
[0025] It is an advantage that, during operation, the
third section of the antenna contributes to an electromag-
netic field that travels around the head of the user thereby
providing a wireless data communication that is robust
and has low loss.
[0026] Due to the current component normal to the side
of the head or normal to any other body part, the surface
wave of the electromagnetic field may be more efficiently
excited. Hereby, for example an ear-to-ear path gain may
be improved, such as by 10-15 dB, such as by 10-30 dB.
[0027] Considering the nature of the antenna, the an-
tenna may be a balanced antenna, thus an antenna which
may be more robust to noise.
[0028] In one or more embodiments, one end of the
antenna may be grounded. One end may be connected
to a ground plane. The ground plane may be any ground
plane provided in the hearing aid, typically such as for
example a printed circuit board. The ground plane may
be e.g. a ground potential, such as a zero potential or a
relative ground potential.
[0029] An antenna excitation point may be provided at
or near the first and/or the second end of the antenna.
An excitation point is electrically connected to a source,
such as the wireless communication unit, a radio chip,
such as a transceiver, a receiver, a transmitter, etc. The
antenna may be excited using any conventional means,
using a direct or an indirect or coupled feed, and for ex-
ample be fed using a feed line, such as a transmission
line. The current induced in the antenna may have a first
local maximum at a proximate excitation point of the an-
tenna. The current induced in the antenna may have an
absolute maximum proximate the antenna midpoint,
preferably at a part extending from the first side of the
hearing aid to the second side of the hearing aid.
[0030] In one embodiment, the antenna may comprise
two excitation points, a first excitation point at a first end
of the antenna and a second excitation point at another
end of the antenna. The antenna may be a dipole antenna
comprising two excitation points, a first excitation point
at a first end of the antenna and a second excitation point
at another end of the antenna. By using a dipole antenna

with the present disclosure, a smaller impact on antenna
performance from PCB and other metal components may
be obtained.
[0031] In another embodiment, a shape of the first sec-
tion may be symmetrical to a shape of the second section.
[0032] The hearing aid disclosed herein may be con-
figured for operation in ISM frequency band. Preferably,
the antennas are configured for operation at a frequency
of at least 1 GHz, such as at a frequency between 1.5
GHz and 3 GHz such as at a frequency of 2.4 GHz.
[0033] The above and other features and advantages
of the present invention will become more apparent to
those of ordinary skill in the art by describing in detail
exemplary embodiments thereof with reference to the
attached drawings in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0034]

Fig. 1 is a phantom head model of a user together
with an ordinary rectangular three dimensional co-
ordinate system with an x, y and z axis for defining
the geometrical anatomy of the head of the user,

Fig. 2 shows a block-diagram of a hearing aid,

Fig. 3 shows schematically an exemplary implemen-
tation of a hearing aid comprising an antenna ac-
cording to an embodiment of the present disclosure,

Fig. 4 shows schematically an exemplary implemen-
tation of a hearing aid comprising an antenna ac-
cording to an embodiment of the present disclosure,

Fig. 5 shows schematically an exemplary implemen-
tation of a hearing aid comprising an antenna with
an excitation point and a grounded end according to
an embodiment of the present disclosure.

Fig. 6 shows schematically an exemplary implemen-
tation of a hearing aid comprising an antenna with
two excitation points according to an embodiment of
the present disclosure,

Fig. 7 is a diagram of the amplitude of the current as
a function of a length of the antenna according to the
present disclosure,

Fig. 8 shows an exemplary hearing aid having an
antenna according to another embodiment of the
present invention,

Fig. 9 shows a hearing aid positioned on the right
ear of a user’s head with the hearing aid comprising
an antenna according to an embodiment of this dis-
closure,
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Fig. 10 is a schematic view of the current distribution
along a prior-art antenna with a small loop having a
length smaller than λ/4,

Fig. 11 is a schematic view of the current distribution
along an antenna according to an embodiment of
the present disclosure.

DETAILED DESCRIPTION OF THE DRAWINGS

[0035] The present invention will now be described
more fully hereinafter with reference to the accompany-
ing drawings, in which exemplary embodiments of the
invention are shown. The invention may, however, be
embodied in different forms and should not be construed
as limited to the embodiments set forth herein. Rather,
these embodiments are provided so that this disclosure
will be thorough and complete, and will fully convey the
scope of the invention to those skilled in the art.
[0036] As used herein, the term "antenna" refers to an
electrical device which converts electric power into radio
waves. An antenna, such as an electric antenna, may
comprise an electrically conductive material connected
to e.g. a radio chip, a receiver or a transmitter.
[0037] Fig. 1 is a phantom head model of a user seen
from the front. When designing antennas for wireless
communication proximate the human body, the human
head can be approximated by a rounded enclosure with
sensory organs, such as the nose, ears, mouth and eyes
attached thereto. Such a rounded enclosure 3 is illustrat-
ed in Fig. 1. In Fig. 1, the phantom head model is shown
from the front together with an ordinary rectangular three
dimensional coordinate system with an x, y and z axis
for defining orientations with relation to the head.
[0038] Every point of the surface of the head has a
normal and tangential vector. The normal vector is or-
thogonal to the surface of the head while the tangential
vector is parallel to the surface of the head. An element
extending along the surface of the head is said to be
parallel to the surface of the head, likewise a plane ex-
tending along the surface of the head is said to be parallel
to the surface of the head, while an object or a plane
extending from a point on the surface of the head and
radially outward from the head into the surrounding space
is said to be orthogonal to the head.
[0039] As an example, the point with reference numer-
al 2 in Fig. 1 furthest to the left on the surface of the head
in Fig. 1 has tangential vectors parallel to the yz-plane
of the coordinate system, and a normal vector parallel to
the x-axis. Thus, the y-axis and z-axis are parallel to the
surface of the head at the point 2 and the x-axis is or-
thogonal to the surface of the head at the point 2.
[0040] The user modelled with the phantom head of
Fig. 1 is standing erect on the ground (not shown in the
figure), and the ground plane is parallel to xy-plane. The
torso axis from top to toe of the user is thus parallel to
the z-axis, whereas the nose of the user is pointing out
of the paper along the y-axis.

[0041] The axis going through the right ear canal and
the left ear canal is parallel to the x-axis in the figure. This
ear to ear axis (ear axis) is thus orthogonal to the surface
of the head at the points where it leaves the surface of
the head. The ear to ear axis as well as the surface of
the head will in the following be used as reference when
describing specific configurations of the elements of the
present invention.
[0042] Since the auricle of the ear is primarily located
in the plane parallel to the surface of the head on most
test persons, it is often described that the ear to ear axis
also functions as the normal to the ear. Even though there
will be variations from person to person as to how the
plane of the auricle is oriented.
[0043] The in the ear canal type of hearing aid will have
an elongated housing shaped to fit in the ear canal. The
longitudinal axis of this type of hearing aid is then parallel
to the ear axis, whereas the face plate of the in the ear
type of hearing aid will typically be in a plane orthogonal
to the ear axis. The behind the ear type of hearing aid
will typically also have an elongated housing most often
shaped as a banana to rest on top of the auricle of the
ear. The housing of this type of hearing aid will thus have
a longitudinal axis parallel to the surface of the head of
the user.
[0044] Fig. 2 shows a block-diagram of a hearing aid.
In Fig. 2, the hearing aid 20 comprises a microphone 21
for receiving incoming sound and converting it into an
audio signal, i.e. a first audio signal. The first audio signal
is provided to a signal processor 22 for processing the
first audio signal into a second audio signal compensat-
ing a hearing loss of a user of the hearing aid. A receiver
is connected to an output of the signal processor 22 for
converting the second audio signal into an output sound
signal, e.g. a signal modified to compensate for a users
hearing impairment, and provides the output sound to a
speaker 23. Thus, the hearing instrument signal proces-
sor 22 may comprise elements such as amplifiers, com-
pressors and noise reduction systems, etc. The hearing
aid may further have a feedback loop for optimizing the
output signal. The hearing aid furthermore has a wireless
communication unit 24 (e.g. a transceiver) for wireless
data communication interconnected with an antenna 25
for emission and reception of an electromagnetic field.
The wireless communication unit 24 may connect to the
hearing aid signal processor 22 and antenna 25 for com-
municating with external devices, or with another hearing
aid, located at another ear, in a binaural hearing aid sys-
tem.
[0045] The antenna does not, or substantially does not,
emit an electromagnetic field in the direction of the ear
to ear axis of the user when the hearing aid housing is
positioned in its operational position at the ear of the user;
rather, the antenna emits an electromagnetic field that
propagates in a direction parallel to the surface of the
head of the user when the hearing aid housing is posi-
tioned in its operational position during use, whereby the
electric field of the emitted electromagnetic field has a
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direction that is orthogonal to, or substantially orthogonal
to, the surface of the head at least along the side of the
head at which the antenna is positioned during operation.
In this way, propagation loss in the tissue of the head is
reduced as compared to propagation loss of an electro-
magnetic field with an electric field component that is
parallel to the surface of the head. Diffraction around the
head makes the electromagnetic field emitted by the an-
tenna propagate from one ear and around the head to
the opposite ear.
[0046] Fig. 3 shows an embodiment of a hearing aid
comprising an antenna 25, a wireless communication unit
35 and a ground plane 38. Antenna 25 comprises a first
antenna section 31, a second antenna section 34, and a
third antenna section 33. The antenna has a first end 32,
and a second end 36. The first antenna section 31 ex-
tends along a first side of the hearing aid assembly. The
first antenna section 31 has a first end 32 and a second
end 39. The second antenna section 34 extends along
a second side of the hearing aid assembly. The second
antenna section 34 has a first end 36 and a second end
39’. The third antenna section 33 is connected with the
second end 39 of the first antenna section and with the
second end 39’ of the second antenna section. In the
present example, the second ends 39, 39’ are provided
as edge points; however, the second ends may be de-
fined as positions at which the antenna starts to extend
from a first side to a second side of the hearing aid. An
excitation point for the antenna 25 is provided at the first
end 32, 36 of the first and/or second antenna sections
31, 34.
[0047] In one or more embodiments, a shape of the
first section 31 is symmetrical to a shape of the second
section 34. The first antenna section 31 and the second
antenna section 34 may form identical antenna struc-
tures. For example, both the first antenna section 31 and
the second antenna section 34 may form a structure hav-
ing a same form and same dimensions. The structure of
antenna 25 may be symmetrical with respect to a partition
plane 37, resulting in a structure of the first antenna sec-
tion 31 being symmetrical to the structure of the second
antenna section 34 with respect to partition plane 37.
[0048] The partition plane 37 may be a symmetry plane
37 for the antenna 25 so that the first section 31 of the
antenna is symmetric with the second section 34 of the
antenna with respect to the symmetry plane 37. The par-
tition plane 37 may extend exactly mid through the hear-
ing aid, or the partition plane may extend anywhere be-
tween a first side of the hearing aid and a second side
of the hearing aid.
[0049] In one or more embodiments, the first antenna
section 31 has a first length, the second antenna section
34 has a second length, and the third antenna section
33 has a third length, and a sum of the first length, the
second length and the third length is a total length of the
antenna 25.
[0050] In one or more embodiments, a distance along
and/or a length of the antenna is measured along the

antenna structure.
[0051] In Fig. 3, L1 denotes the full length of the an-
tenna 25, L2 denotes the distance between the first end
32 of the first antenna section 31 and a midpoint 30 of
the third antenna section 33, and L3 denotes the distance
between the first end 36 of the second antenna section
34 and a midpoint 30 of the third antenna section 33. The
distances L2, L3 from the ends 32, 36, to the intersection
30 with the partition plane 37, respectively may be meas-
ured along the current path as shown in Fig. 3, or the
distances L2, L3 may be measured along the shortest
distance from the ends 32, 36, to the intersection with
the partition plane 37.
[0052] According to an aspect of the disclosure, an ab-
solute relative difference between the total length of the
antenna and the wavelength is less than a threshold,
such as 10% or 25%. The antenna dimensions which are
the length of the antenna 25, L1, and distances L2, L3,
may thus be defined according to the following: 

wherein λ is the wavelength. The absolute relative differ-
ence between the total length L1 of the antenna 25 and
the wavelength λ is thus less than a threshold, T1, such
as less than 25%.
[0053] The absolute relative difference between the
distance L3 and the distance L2 is less than a threshold,
T2, such as less than 25%.
[0054] In one or more embodiments, the distance be-
tween the two ends 32, 36 corresponds to the width of
the hearing aid assembly.
[0055] In some embodiments, a distance from a first
end of the first or second antenna section to the third
antenna section may be between ̈  λ and 1/2 λ. The first
length or the second length may be between ̈  λ and 1/2
λ.
[0056] The midpoint of the antenna may be positioned
at the third section. In an embodiment, the antenna has
a first end 32 and a second end 36 and a relative differ-
ence between a length of the antenna from the first end
32 to the midpoint 30 and from the second end 36 to the
midpoint 30 is less than a threshold, such as less than
10% or 25%.
[0057] Fig. 4 shows an embodiment of a hearing aid
comprising an antenna 40, a wireless communication unit
45, a ground plane 48, an antenna part 43 extending from
one side to the other and two ends 42, 46. The antenna
40 has a midpoint 41 (or a centre) which is located on
the antenna part 43 or located in such a way that a dis-
tance from the midpoint 41 to the antenna part 43 is not
longer than λ/4. The distance from the midpoint 41 of
antenna 40 and the antenna part 43 is denoted L4 in Fig.
4. The structure of antenna 40 may be designed in such
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a way that the following holds: 

[0058] The absolute relative difference between the
distance L4 and the quarter of a wavelength λ/4 is less
than a threshold, T3, such as less than 10% or 25%.
[0059] The antenna may form a loop. The antenna
comprising a first antenna section 31, a second antenna
section 34, a third antenna section 33 may be structured
in such a way that the first, second, and third sections
are arranged to form a loop, such as an open loop.
[0060] In an embodiment, an antenna excitation point
is provided at the first and/or the second end of the an-
tenna. The excitation point may be provided at ends 32,
42 and/or at ends 36, 46.
[0061] Fig.5 shows an embodiment of a hearing aid
comprising an antenna 50, a wireless communication unit
55, a ground plane 58, and an end 52 of the antenna 50
and another end 56 of the antenna 50. In Fig.5, the end
52 is connected via transmission line 59 to the wireless
communication unit 55 and plays thus the role of an ex-
citation point. End 52 is configured so that the antenna
conducts current of large amplitude at the desired trans-
mission frequency of the electromagnetic field. Hereby,
a major part of the power of the electromagnetic field
emitted by the antenna 50 and propagating from the an-
tenna 50 at one ear to either an opposite ear of the user
or to an external device is contributed by a midpoint of
the antenna 50. The antenna 50 is dimensioned so that
the current has a maximum current amplitude at a prox-
imity of the midpoint of the antenna, preferably located
proximate a part of the antenna extending from one side
of the hearing aid to another side of the hearing aid. The
current induced in the antenna may have a first local max-
imum proximate the end point 52 and a second maximum
proximate the midpoint of the antenna 50, depending on
the excitation of the antenna 50.
[0062] In one or more embodiments, one end of the
antenna is grounded. In Fig. 5, the end 56 is connected
to a point 54 of the ground plane 58 via transmission line
53. The ground plane 58 may be a printed circuit board.
The ground plane may be formed in any material capable
of conducting a current upon excitation of the antenna.
The ground plane may also be formed as a single con-
ducting path of e.g. copper, for guiding the current. The
ground plane may be a ground potential, such as a zero
potential or a relative ground potential.
[0063] In one or more embodiments, the antenna is a
dipole antenna, the dipole antenna comprising two exci-
tation points, a first excitation point at a first end of the
antenna and a second excitation point at another end of
the antenna.
[0064] Fig. 6 shows schematically an exemplary im-
plementation of the antenna with two excitation points

according to an embodiment of the present disclosure.
In Fig. 6, an embodiment of a hearing aid comprises an
antenna 60, a wireless communication unit 65, a ground
plane 68, and an end 62 of the antenna 60 and another
end 66 of the antenna 60. End 62 at a first end of the
antenna 60 is connected via transmission line 69 to the
wireless communication unit 65 and plays thus the role
of a first excitation point. Similarly, end 66, such as end
66, at a second end of the antenna 60 is connected via
transmission line 63 to the wireless communication unit
65 and plays thus the role of a second excitation point.
The antenna 60 is thus in the present example a dipole
antenna.
[0065] In one or more embodiments, the first excitation
point and the second excitation point, respectively, are
configured so as to obtain a desired current distribution.
For example, the first excitation point and the second
excitation point may be adjacent each other, or may be
positioned relatively close to each other.
[0066] Fig. 7 is a diagram of the amplitude of the current
as a function of a length of the antenna according to the
present disclosure. Fig. 7 shows that a current running
through the antenna oscillates periodically with a period
equal to the wavelength λ. Fig. 7 also shows that a max-
imum amplitude of the current running through the an-
tenna is reached at a length corresponding to half a wave-
length λ/2. Fig.7 supports a technical feature of the an-
tenna disclosed herein, namely that the antenna dis-
closed herein is constructed in such a way as a maximum
amplitude of the current running through the antenna is
obtained proximate a midpoint of the antenna that is lo-
cated in (or proximate) a part of the antenna extending
from one side to another side of the hearing aid.
[0067] Fig. 8 shows an exemplary hearing aid having
an antenna according to another embodiment of the
present disclosure. The hearing aid 80 comprises a bat-
tery 81, a signal processor 82, a sound tube 83 connect-
ing to the inner ear, a radio or transceiver 84, transmis-
sion lines 85, 86 for feeding the antenna 87. The hearing
aid has a first side 88 and a second side 89. In one or
more embodiments, the antenna proximate the first side
of the hearing aid, i.e. a first section 871 extends along
or proximate the first side 88 of the hearing aid, and the
antenna proximate the second side of the hearing aid,
i.e. a second section 872 extends along or proximate a
second side 89 of the hearing aid 80. The first section
871 is fed via transmission line 85 to feed point 851 and
is thus an actively fed section 871. The second section
872 is fed via transmission line 86 to feed point 861 and
thus forms a second actively fed part 872. The feed sys-
tem for the antenna may thus comprise the first and sec-
ond transmission lines 85, 86 and first and second feed
points 851, 861 for feeding antenna 87. A third section
873 of the antenna 87 extends from proximate the first
side 88 to proximate the second side 89 of the hearing
aid assembly. The antenna 87 is constructed this way so
as to achieve a maximum amplitude of the current run-
ning through the antenna 87 obtained at a midpoint of
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the antenna that is located in (or proximate) section 873
of the antenna extending from the first side 88 to the
second side 89 of the hearing aid 80.
[0068] In one or more embodiments, the housing is a
behind-the-ear housing configured to be positioned be-
hind the ear of the user during use and the first side is a
first longitudinal side of the hearing aid, and the second
side is a second longitudinal side of the hearing aid.
[0069] Fig. 9 shows a hearing aid positioned on the
right ear of a user’s head with the hearing aid comprising
an antenna disclosed herein. The hearing aid 90 of Fig.9
comprises a behind-the-ear housing configured to be po-
sitioned behind the ear of the user during use. The hear-
ing aid 90 comprises an antenna 91 as disclosed herein.
[0070] It is envisaged that even though only a behind-
the-ear hearing aid have been shown in Fig. 9, the de-
scribed antenna structure may be equally applied in all
other types of hearing aids, including in-the-ear hearing
aids, as long as the antenna is configured to provide a
maximum current in a section extending from the first
side of the hearing aid to the second side of the hearing
aid as herein described.
[0071] As shown in Fig.9, the first side may be posi-
tioned parallel with the surface of the head of a user when
the housing is worn in its operational position by the user.
[0072] According to a further aspect, this disclosure
relates to a binaural hearing aid system comprising at
least one hearing aid disclosed herein.
[0073] Fig. 10 is a schematic view of the current distri-
bution across a prior-art antenna with a small loop having
a length smaller than λ/4. Fig.10 shows schematically a
prior art antenna having a total length smaller than λ/4.
As hearing aids are very small in size and comprise many
electronic and metallic components contained in a hous-
ing small enough to fit in the ear canal of a human or
behind the outer ear, the antennas in hearing aids are
usually smaller than λ/4. This leads to a current distribu-
tion that is relatively uniform across the antenna struc-
ture.
[0074] Fig. 11 is a schematic view of the current distri-
bution across an antenna according an embodiment of
the present disclosure. Fig.10 shows schematically an
antenna 110 as disclosed herein and a current distribu-
tion across the antenna 110. Due to the length and the
structure of the antenna 110, the current distribution pro-
vides local maxima at the antenna ends as well as at the
part 113 of the antenna that extends from one side to the
other side of the hearing aid. The current running through
antenna parts 111 and 112 has much lower amplitude.
This results in the electric field being radiated in the de-
sired direction for the surface wave to efficiently travel
around the head of the user. An advantage of this is a
more robust ear-to-ear wireless communication.
[0075] The specific wavelength, and thus the frequen-
cy of the emitted electromagnetic field, is of importance
when considering communication involving an obstacle.
In the present invention the obstacle is a head with a
hearing aid comprising an antenna located closed to the

surface of the head. If the wavelength is too long such
as a frequency of 1 GHz and down to lower frequencies
greater parts of the head will be located in the near field
region. This results in a different diffraction making it more
difficult for the electromagnetic field to travel around the
head. If on the other hand the wavelength is too short,
the head will appear as being too large an obstacle which
also makes it difficult for electromagnetic waves to travel
around the head. An optimum between long and short
wavelengths is therefore preferred. In general the ear to
ear communication is to be done in the band for industry,
science and medical with a desired frequency centred
around 2.4 GHz.

Claims

1. A hearing aid with

- a hearing aid assembly comprising:
- a housing for accommodating the hearing aid
assembly,
- a microphone for reception of sound and con-
version of the received sound into a correspond-
ing first audio signal,
- a signal processor for processing the first audio
signal into a second audio signal compensating
a hearing loss of a user of the hearing aid,
- a wireless communication unit configured for
wireless data communication,
- an antenna for emission or reception of an elec-
tromagnetic field, the antenna being intercon-
nected with the wireless communication unit, the
antenna having a total length between three
quarters of a wavelength and five quaters of a
wavelength, wherein at least a part of the anten-
na extends from a first side of the hearing aid to
a second side of the hearing aid, and wherein
the antenna has a midpoint at said part of the
antenna or wherein a distance between the an-
tenna midpoint and said part is less than a quar-
ter of a wavelength.

2. A hearing aid according to claim 1, wherein a current
running through the antenna has a maximum ampli-
tude in the part of the antenna extending from a first
side of the hearing aid during emission of the elec-
tromagnetic field.

3. A hearing aid according to any of the previous claims,
wherein the antenna forms a loop.

4. A hearing aid according to any of the previous claims,
wherein an absolute relative difference between the
total length of the antenna and the wavelength is less
than a threshold.

5. A hearing aid according to any of the previous claims,
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wherein the second side is opposite the first side.

6. A hearing aid according to any of the previous claims,
wherein the housing is a behind-the-ear housing
configured to be positioned behind the ear of the
user during use and wherein the first side is a first
longitudinal side of the hearing aid, and the second
side is a second longitudinal side of the hearing aid.

7. A hearing aid according to any of claims 1-6, wherein
one end of the antenna is grounded.

8. A hearing aid according to any of the previous claims,
wherein the antenna has a first end and a second
end and a relative difference between a length of the
antenna from the first end to the midpoint and a
length from the second end point to the midpoint is
less than a threshold.

9. A hearing aid according to any of the previous claims,
wherein an antenna excitation point is provided at
the first and/or the second end of the antenna.

10. A hearing aid according to any of the previous claims,
wherein the antenna has

- a first antenna section extending along a first
side of the hearing aid assembly, the first anten-
na section having a first end and a second end,
- a second antenna section extending along a
second side of the hearing aid assembly, the
second antenna section having a first end and
a second end,
- a third antenna section, the third antenna sec-
tion being connected with the second end of the
first antenna section and with the second end of
the second antenna section,
- an excitation point for the antenna being pro-
vided at the first end of the first and/or second
antenna section.

11. A hearing aid according claim 10, wherein the first
antenna section has a first length, the second anten-
na section has a second length, and the third antenna
section has a third length, and wherein a sum of the
first length, the second length and the third length is
a total length of the antenna.

12. A hearing aid according to claim 10 or 11, wherein
a distance from a first end of the first or second an-
tenna section to the third antenna section is between
a quarter wavelength and a half wavelength.

13. A hearing aid according to any of claims 10-12,
wherein a midpoint of the antenna is positioned at
the third section.

14. A hearing aid according to any of claims 10-13,

wherein the third section is extending from proximate
the first side to proximate the second side of the hear-
ing aid assembly.

15. A hearing aid according to any of claims 10-14,
wherein a shape of the first section is symmetrical
to a shape of the second section.
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