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(54) A HEARING AID WITH AN ANTENNA

(57) This disclosure presents a hearing aid compris-
ing an assembly. The assembly comprises: a micro-
phone for reception of sound and conversion of the re-
ceived sound into a corresponding 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, and a wireless communication
unit configured for wireless communication. The assem-
bly of the hearing aid comprises an antenna system. The
antenna system comprises a first feeding structure and

a radiating segment. The first feeding structure is con-
nected or coupled to the wireless communication unit.
The radiating segment may be adjacent to and galvanic
disconnected from at least a part of the first feeding struc-
ture. The at least a part of the first feeding structure is
galvanic disconnected from the radiating segment if a
capacitive coupling between the at least a part of the first
feeding structure and the radiating segment is between
0.5 pF and 20 pF.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a hearing aid
having an antenna, the antenna being configured for pro-
viding the hearing aid with wireless communication ca-
pabilities.

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 performance de-
spite the limitation and other design constraints imposed
by the size of the hearing aid.

SUMMARY

[0004] It is an object of the present disclosure to pro-
vide a hearing aid with an improved wireless communi-
cation capability.
[0005] In one aspect of the present disclosure, the
above-mentioned and other objects are obtained by pro-
vision of a hearing aid comprising an assembly. The as-
sembly comprises: a microphone for reception of sound
and conversion 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 compen-
sating a hearing loss of a user of the hearing aid, and a
wireless communication unit configured for wireless
communication. The assembly of the hearing aid com-
prises an antenna system. The antenna system compris-
es a first feeding structure and a radiating segment. The
first feeding structure is connected or coupled to the wire-
less communication unit. The radiating segment may be
adjacent to at least a part of the first feeding structure.
The radiating segment may be galvanic disconnected
from at least a part of the first feeding structure.
[0006] The first feeding structure may thus exchange
energy with the radiating segment through capacitance.
The radiating segment may be capacitively coupled to
the first feeding structure. The radiating segment may be
galvanic disengaged or galvanic separated from at least
a part of the first feeding structure.
[0007] In one or more embodiments a hearing aid with
an antenna system is provided which has an optimized
wireless transmission.
[0008] The antenna system of the hearing aid accord-
ing to this disclosure may be excited or fed capacitively,

and thus may avoid creating a maximum current magni-
tude where the antenna is fed, i.e. at a feed point for the
antenna. A length of the antenna may thereby be reduced
and advantageously placed the confined space of the
hearing aid.
[0009] At least a part of the first feeding structure may
be galvanic disconnected from the radiating segment if
a capacitive coupling between the first feeding structure
and the radiating segment is within certain limits. For ex-
ample, the capacitive coupling, such as the capacitance
of the capacitive coupling, may be between, 0.5pF and
20pF, such as between 0.5pF and 15 pF, such as be-
tween 0.5pF and 10 pF, such as between 1pF and 10pF,
such as between 1pF and 5pF, between 5pF and 10pF,
between 0.1 pF and 10pF, between 0.5 and 5 pF, such
as between 0.5pF and 3 pF, between 5pF and 20pF,
such as between 7pF and20 pF, between 5pF and 15
pF, between 10pF and 15pF, etc. At least a part of the
first feeding structure may be galvanic disconnected from
the radiating segment if a capacitive coupling between
the first feeding structure and the radiating segment is
less than 10 pF, such as less than 5 pF., such as less
than 2 pF. The capacitive coupling may be larger than
0.1 pF, such as larger than 1 pF, such as larger than 5pF,
etc. The capacitive coupling may be non-zero, so that
the capacitive coupling is a non-zero capacitive coupling.
The radiating segment may be spaced apart from the at
least part of the first feeding structure.
[0010] The capacitance of the capacitive coupling may
be selected in dependence of the length of the radiating
segment.
[0011] Thus, in one or more embodiments, the radiat-
ing segment may have a length being half a wavelength,
such as approximately half a wavelength of an electro-
magnetic field emitted by the antenna system, such as
a length being half a wavelength +/- 20% of an electro-
magnetic field emitted by the antenna system, the ca-
pacitive coupling may be selected to be between 0.5pF
and 20pF, such as preferably selected in the interval be-
tween 0.5pF and 3 pF. In some embodiments, the radi-
ating segment may have a length of more than half a
wavelength of an electromagnetic field emitted by the
antenna system, such as more than half a wavelength +
25% of an electromagnetic field emitted by the antenna
system, such as between half a wavelength and a full
wavelength, such as between ª of a wavelength and a
full wavelength of an electromagnetic field emitted by the
antenna system, and the capacitive coupling may be se-
lected to be between 0.5pF and 20pF, such as preferably
between 5pF and 20pF, and even more preferred be-
tween 5pF and 18pF.
[0012] At least a part of the first feeding structure may
be galvanic disconnected from the radiating segment if
the distance between the first feeding structure and the
radiating segment is between 0.05 mm and 0.3 mm Thus,
the distance may be between 0.1 mm and 0.3 mm, the
distance may be larger than 0.05 mm, such as larger
than 0.1 mm, the distance may be smaller than 0.5 mm,
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such as smaller than 0.3 mm.
[0013] At least a part of the first feeding structure may
be adjacent to and may be galvanic disconnected from
a first end of the radiating segment. The radiating seg-
ment may be passively excited proximate a first end of
the radiating segment by the at least part of the first feed-
ing structure. The at least part of the first feeding structure
and the first end of the radiating segment may be placed
proximate each other such that a non-zero capacitance
is formed. The first feeding structure and the radiating
segment may have a geometry that may enhance the
galvanic disconnection between the first feeding struc-
ture and the radiating segment.
[0014] It is an advantage to tailor the distance between
the first feeding structure and the radiating segment ac-
cording to the geometry of the feeding structure and the
radiating segment, respectively. Furthermore, the dis-
tance may be tailored according to a desired resonance
frequency so that the distance may be a function of res-
onance frequency for the antenna structure. If for exam-
ple the geometry of the first feeding structure and/or of
the radiating segment and/or the distance between them
results in a capacitance that is too low, no currents may
be induced in the radiating segment. If the geometry of
the first feeding structure and of the radiating segment
and/or the distance between them results in a capaci-
tance that is too high, the galvanic disconnection be-
haves as a galvanic connection and the antenna system
may no longer be resonant at the frequency for which it
was matched.
[0015] The at least part of the first feeding structure
may be capacitively coupled to the radiating segment so
that the radiating segment may be loaded or fed capac-
itively by the at least part of the feeding structure. The
feeding, coupling or capacitive loading may be optimized
with respect to a desired resonance frequency, and the
at least part of first feeding structure may be capacitively
coupled to the radiating segment over an area of between
1/32 and 1/4 of a wavelength of an electromagnetic field
emitted by the antenna system. The radiating segment
and the first feeding structure may experience contact-
less or non-ohmic transmission of energy between them
over an area e.g. having a dimension, such as a length,
between 1/32 and 1/4 of a wavelength of an electromag-
netic field emitted by the antenna system, such as be-
tween 1/32 and 1/16 of a wavelength of an electromag-
netic field emitted by the antenna system.
[0016] The effective length of the radiating segment
may be between ̈  of a wavelength of an electromagnetic
field emitted by the antenna system and a full wavelength,
such as between ¨ and ª of a wavelength of an elec-
tromagnetic field emitted by the antenna system, such
as © of a wavelength of an electromagnetic field emitted
by the antenna system, such as © 6 20% of a wavelength
of an electromagnetic field emitted by the antenna sys-
tem.
[0017] The electromagnetic field emitted by the anten-
na system corresponds to a desired resonance frequen-

cy for the system.
[0018] A current flowing into the radiating segment may
reach a maximum at a distance from the first end or the
second end of ¨ of a wavelength of the electromagnetic
field emitted by the antenna system. The current flowing
into the radiating segment may reach a maximum at a
midpoint of the radiating segment, such as at a midpoint
+/- 20%. The midpoint being the point which is halfway
between the first end of the radiating structure and a sec-
ond end of the radiating segment. Such a midpoint of the
radiating segment is preferably located at a section of
the radiating segment that is normal +/- 25 degrees to a
surface of a head of a user when the hearing aid is worn
in its operational position, such as normal +/- 25 degrees
to a longitudinal axis of a behind-the-ear type hearing
aid, such as parallel +/- 25 degrees to a through axis of
an in-the-ear type hearing aid or a behind-the-ear hearing
aid. When for example the length of the radiating segment
is half a wavelength of an electromagnetic field emitted
by the antenna system, the midpoint of the radiating seg-
ment is at ¨ of a wavelength of the electromagnetic field
emitted by the antenna system.
[0019] In one or more embodiments, a length of the
first feeding structure may be less than ̈  of a wavelength
of an electromagnetic field emitted by the antenna sys-
tem. For example, the first feeding structure may have a
length that is less than ¨ of a wavelength of an electro-
magnetic field emitted by the antenna system. For ex-
ample, the first feeding structure or the length, such as
the effective length of the first feeding structure, may be
less than 1/8 of a wavelength, or less than 1/16 of a wave-
length or less than 1/32 of a wavelength.
[0020] In one or more embodiments, a length of the
first feeding structure may be between 1/16 of a wave-
length and ̈  of a wavelength of an electromagnetic field
emitted by the antenna system. For example, the first
feeding structure may have a length that is between 1/16
of a wavelength and ̈  of a wavelength, such as between
1/8 of a wavelength and ¨ of a wavelength, or such as
between 1/16 of a wavelength and 1/8 of a wavelength.
[0021] The radiating segment may be an electrically
floating segment. The radiating segment may be e.g. a
floating segment in that it is galvanic disconnected from
the first feeding structure. The radiating segment is for
example galvanic disengaged or separated from the first
feeding structure. The radiating segment may not be in
ohmic contact with the first feeding structure.
[0022] At least a part of the first feeding structure may
be provided in a first plane and at least a part of the
radiating segment may be provided in a second plane.
In one or more embodiments, the first plane is different
from the second plane. Alternatively in other embodi-
ments, a part of the first feeding structure and a part of
the radiating segment may be co-planar. A part of the
first feeding structure and a part of the radiating segment
may be co-planar or not as long as there is provided a
galvanic disconnection between the first feeding struc-
ture and the radiating element with an appropriate ca-
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pacitance.
[0023] The radiating segment may have one free end
or two free ends. A current at a free end of the radiating
segment is zero.
[0024] The hearing aid may be an in-the-ear type hear-
ing aid. The hearing aid may be a behind-the-ear hearing
aid.
[0025] The in-the-ear type hearing aid has a housing
shaped to fit in the ear canal. The in-the-ear type hearing
aid comprises a face plate. The face plate or a part of
the face plate is typically in a plane orthogonal to an ear
axis. A partition axis or a through axis in this type of hear-
ing aid is in a plane orthogonal to a surface of a head of
a user, whereas the face plate of the in-the-ear type hear-
ing aid typically is parallel to a surface of a head of a user
and thus orthogonal to the partition axis. For an in-the-
ear hearing aid, the ear axis may be orthogonal to the
face plate or to the plane in which the face plate extends.
[0026] The behind-the-ear type of hearing aid typically
has an elongated housing most often shaped as a ba-
nana to rest on top of the auricle of the ear. The assembly
of this type of hearing aid will thus have a longitudinal
axis parallel to the surface of the head of the user and
orthogonal to the ear axis. Thus, the ear axis for a behind-
the-ear hearing aid may be orthogonal to the longitudinal
axis of the behind-the-ear hearing aid. A through axis
may traverse the behind-the-ear hearing aid along the
ear axis, and thus orthogonal to the longitudinal axis of
the behind-the-ear hearing aid.
[0027] A behind-the-ear hearing aid or an in-the-ear
hearing aid assembly may comprise a first side and a
second side. The first side may be opposite the second
side. The first side of the hearing aid assembly and/or
the second side of the hearing aid assembly may extend
along a longitudinal axis of the hearing aid. The first side
of the hearing aid assembly and/or the second side of
the hearing aid assembly may be orthogonal the through
axis of the hearing aid. In some embodiments, a first sec-
tion of the radiating segment may be provided along a
first side of the hearing aid assembly. A second section
of the radiating segment may be provided along a second
side of the hearing aid assembly. A third section of the
radiating segment may be connected to the first section
in a first end and to a second section in the second end.
The third section extends along an axis which is normal
+/- 25° to the first side and/or the second side of the
hearing aid assembly. The third section extends for ex-
ample along an axis which is normal +/- 25° to a surface
of a head of a user when the hearing aid is worn in its
operational position, the third section may extend along
an axis which is parallel +/- 25% to the ear axis. In some
embodiments, the radiating segment may be provided
substantially along a first side of the hearing aid assem-
bly. A part of the radiating segment may be provided
along a first side of the hearing aid assembly. The second
side may be adjacent the head of a user when the hearing
aid is worn in its intended operational position behind the
ear.

[0028] In an in-the-ear type hearing aid comprising a
face plate, a first section of the radiating segment may
be provided in a first ITE plane adjacent a face plate of
an ITE hearing aid. A second section of the radiating
segment may be provided in a second ITE plane. A third
section of the radiating segment may be connected to
the first section in a first end and to the second section
in the second end. A part of the first section is e.g. pro-
vided in a plane parallel to the face plate. A part of the
second section is e.g. provided in a plane parallel to the
face plate. The second ITE plane may be substantially
parallel with the first ITE plane. A part of the third section
is e.g. provided in a plane orthogonal +/-25 degrees to
the face plate. The third section may be provided along
an axis which is normal +/- 25° to the face plate.
[0029] In one or more embodiments, the antenna sys-
tem may comprise a second feeding structure or a third
segment. The second feeding structure may excite the
radiating segment proximate a second end. The second
feeding structure may be coupled or connected to the
wireless communication unit 22 or a ground plane 24. By
providing a first and a second feeding structure, the ra-
diating segment may be fed in a first end and a second
end, respectively. In some embodiments this may pro-
vide a balanced antenna system.
[0030] In one or more embodiments, at least a part of
the radiating segment is provided at or in a hearing aid
shell. In one or more embodiments, at least a part of the
radiating segment is provided on an inner or an outer
surface of the hearing aid shell. In one or more embod-
iments, the hearing aid shell is manufactured in a low
loss material, such as in a material having a tangient loss
of below 0.05, such as below 0.02, such as in a material
of plastic, ABS Polycarbonate, PCABS, Zytel, ceramics,
etc.
[0031] In one or more embodiments, the antenna sys-
tem may further have a third segment. The third segment
may be connected to the wireless communication unit
and at least a part of the third segment may be adjacent
to a second end of the radiating segment and may be
galvanic disconnected from a second end of the radiating
segments.
[0032] In one or more embodiments, the antenna sys-
tem may further have a third segment. The third segment
may be connected to a ground plane and at least a part
of the third segment may be adjacent to and may be
galvanic disconnected from a second end of the radiating
segment.
[0033] In one or more embodiments, the first feeding
structure may be adjacent to and may be galvanic dis-
connected from a first end of the radiating segment while
the second end of the radiating segment may be ground-
ed. The radiating segment may be construed as a para-
sitic element since it is connected to a ground plane.
[0034] In general, various segments, sections and/or
structures of the antenna system may be formed having
different geometries, the segments/sections/structures
may be wires or patches, bend or straight, long or short
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as long as they obey the above relative configuration with
respect to each other.
[0035] In one or more embodiments, the hearing aid
comprises a housing. The housing comprises: a micro-
phone for reception of sound and conversion of the re-
ceived sound into a corresponding 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, and a wireless communication
unit configured for wireless communication. Thus, the
housing may comprise a hearing aid assembly compris-
ing the microphone, the signal processor and the wireless
communication unit. The hearing aid, or the assembly of
the hearing aid, may comprise an antenna system. The
antenna system may thus be accommodated in the hous-
ing of the hearing aid. The antenna system comprises a
first feeding structure and a radiating segment. The first
feeding structure is connected or coupled to the wireless
communication unit. The radiating segment may be ad-
jacent to and may be galvanic disconnected from at least
a part of the first feeding structure. At least a part of the
first feeding structure may be galvanic disconnected from
the radiating segment if a capacitive coupling between
the first feeding structure and the radiating segment is
within certain limits as described above.
[0036] The hearing aid disclosed herein may be con-
figured for operation in ISM frequency band. Preferably,
the antenna is 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. Additionally
or alternatively, the hearing aid may be configured to op-
erate at a frequency over 3GHz, such as at a frequency
of 5GHz.
[0037] It is an advantage that, during operation, the
radiating segment and the first feeding structure contrib-
utes to an electromagnetic field that travels around the
head of the user, such as more efficiently around the
head of a user, thereby providing a wireless data com-
munication that is robust and has low loss. Thus, a wire-
less data communication between a hearing aid provided
at one ear of a user and a hearing aid provided at another
ear of a user, e.g. right and left ear of a user, may be
improved.
[0038] 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.
[0039] In the following the embodiments are described
primarily with reference to a hearing aid, such as a bin-
aural hearing aid. It is however envisaged that the dis-
closed features and embodiments may be used individ-
ually or in combination in other types of hearing devices.
Also, features described herein may be used individually
or in combination in any audio systems, such as an audio
system that involves communication between a hearing
aid and other wireless enabled components.
[0040] In one or more embodiments, a hearing aid has

an assembly, the assembly comprising: a microphone
for reception of sound and conversion of the received
sound into a corresponding first audio signal; a signal
processor for processing the first audio signal into a sec-
ond audio signal compensating a hearing loss of a user
of the hearing aid; a wireless communication unit config-
ured for wireless communication; and an antenna system
comprising a first feeding structure and a radiating seg-
ment; wherein the first feeding structure is connected or
coupled to the wireless communication unit, and wherein
the radiating segment is galvanic disconnected from at
least a part of the first feeding structure; and wherein the
at least a part of the first feeding structure is galvanic
disconnected from the radiating segment if a capacitive
coupling between the at least a part of the first feeding
structure and the radiating segment is between 0.5 pF
and 20 pF.
[0041] Optionally, the at least a part of the first feeding
structure is galvanic disconnected from the radiating seg-
ment if the capacitive coupling between the at least a
part of the first feeding structure and the radiating seg-
ment is between 0.5 pF and 3pF.
[0042] Optionally, the at least a part of the first feeding
structure is galvanic disconnected from the radiating seg-
ment if a distance between the at least a part of the first
feeding structure and the radiating segment is between
0.05 mm and 0.3 mm.
[0043] Optionally, an effective length of the radiating
segment is between ¨ of a wavelength and a full wave-
length of an electromagnetic field emitted by the antenna
system.
[0044] Optionally, a current flowing into the radiating
segment reaches a maximum at a distance from a first
end of ̈  of a wavelength of an electromagnetic field emit-
ted by the antenna system.
[0045] Optionally, a length of the first feeding structure
is less than ̈  of a wavelength of an electromagnetic field
emitted by the antenna system.
[0046] Optionally, the radiating segment comprises an
electrically floating segment.
[0047] Optionally, at least a part of the first feeding
structure is in a first plane and wherein at least a part of
the radiating segment is in a second plane.
[0048] Optionally, the radiating segment has a free
end.
[0049] Optionally, a first section of the radiating seg-
ment is along a first side of the assembly, a second sec-
tion of the radiating segment is along a second side of
the assembly, and a third section of the radiating segment
has a first end connected to the first section, and a second
end connected to the second section.
[0050] Optionally, the hearing aid is an in-the-ear hear-
ing aid, wherein a first section of the radiating segment
is in a first in-the-ear plane adjacent a face plate of the
in-the-ear hearing aid, wherein a second section of the
radiating segment is in a second in-the-ear plane, and
wherein a third section of the radiating segment has a
first end connected to the first section, and a second end
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connected to the second section.
[0051] Optionally, the third section is along an axis
which is normal +/- 25° to the face plate.
[0052] Optionally, at least a part of the radiating seg-
ment is at or in a hearing aid shell.
[0053] Optionally, the antenna system further has a
segment, the segment being connected to the wireless
communication unit, and wherein at least a part of the
segment is galvanic disconnected from an end of the
radiating segment.
[0054] Optionally, the antenna system further has a
segment, the segment being connected to a ground
plane, and wherein at least a part of the segment is gal-
vanic disconnected from an end of the radiating segment.
[0055] A hearing aid includes a housing, the housing
comprising: a microphone for reception of sound and
conversion of the received sound into a corresponding
first audio signal; a signal processor for processing the
first audio signal into a second audio signal compensat-
ing a hearing loss of a user of the hearing aid; a wireless
communication unit configured for wireless communica-
tion; and an antenna system comprising a first feeding
structure and a radiating segment; wherein the first feed-
ing structure is connected or coupled to the wireless com-
munication unit, and wherein the radiating segment is
galvanic disconnected from at least a part of the first feed-
ing structure.
[0056] The above and other features and advantages
of the present disclosure 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

[0057]

Fig. 1 is a block-diagram of a typical hearing aid,

Fig. 2 shows a behind-the-ear hearing aid having an
antenna system according to an embodiment of the
present disclosure,

Fig. 3 shows a behind-the-ear hearing aid having an
antenna system according to a further embodiment
of the present disclosure,

Fig. 4 shows an in-the-ear hearing aid having an an-
tenna system according to one embodiment of the
present disclosure,

Fig. 5a shows schematically an exemplary antenna
structure for a hearing aid according to the present
disclosure,

Fig. 5b shows schematically another exemplary an-
tenna structure for a hearing aid according to the
present disclosure,

Fig. 6a shows schematically an exemplary quadri-
lateral geometry of a first end of a radiating segment
and a first feeding structure according to the present
disclosure,

Fig. 6b shows schematically an exemplary round ge-
ometry of a first end of a radiating segment and a
first feeding structure according to the present dis-
closure,

Fig. 6c shows schematically an exemplary wire ge-
ometry of a first end of a radiating segment and a
first feeding structure according to the present dis-
closure,

Fig. 6d shows schematically an exemplary fork ge-
ometry of a first end of a radiating segment and a
first feeding structure according to the present dis-
closure,

Figs. 7a-e show schematically various embodiments
of antenna structures for a hearing aid according to
the present disclosure,

Fig. 8 shows schematically an exemplary arrange-
ment of an antenna system with respect to a hearing
aid shell.

DETAILED DESCRIPTION OF THE DRAWINGS

[0058] Various embodiments are described hereinaf-
ter with reference to the figures. It should be noted that
elements of similar structures or functions are represent-
ed by like reference numerals throughout the figures. It
should also be noted that the figures are only intended
to facilitate the description of the embodiments. They are
not intended as an exhaustive description of the claimed
invention or as a limitation on the scope of the claimed
invention. In addition, an illustrated embodiment needs
not have all the aspects or advantages shown. An aspect
or an advantage described in conjunction with a particular
embodiment is not necessarily limited to that embodi-
ment and can be practiced in any other embodiments
even if not so illustrated, or if not so explicitly described.
[0059] The embodiments will now be described more
fully hereinafter with reference to the accompanying
drawings, in which exemplary embodiments of the dis-
closure are shown. The claimed invention may, however,
be embodied in different forms and should not be con-
strued as limited to the embodiments set forth herein.
[0060] The term "galvanic disconnected" as used here-
in refers to the absence of a galvanic connection, the
absence of a direct conduction path, e.g. the absence of
hardwire between two elements. Elements galvanic dis-
connected may be galvanic disengaged or separated
from one another. Elements galvanic disconnected ex-
perience for example contactless transmission of energy
between them. Elements galvanic disconnected ex-

9 10 



EP 4 408 027 A2

7

5

10

15

20

25

30

35

40

45

50

55

change energy through capacitance. Two elements may
be considered galvanic disconnected if a capacitive cou-
pling between them is e.g. between 0.5pF and 20 pF,
such as between 1pF and 10pF, such as between 1pF
and 5pF, etc. Two elements may be considered galvanic
disconnected if a distance between them is e.g. between
0.05 mm and 0.3 mm.
[0061] The hearing aid may be an in-the-ear type hear-
ing aid. The hearing aid may be a behind-the-ear type of
hearing aid. The in-the-ear type hearing aid has a housing
shaped to fit in the ear canal. A partition or through axis
(such as axis 401 of Fig. 4) in this type of hearing aid is
parallel to the ear axis, whereas the face plate of the in-
the-ear type hearing aid typically is in a plane orthogonal
to the ear axis. In other words, a partition axis in this type
of hearing aid is in a plane orthogonal to a surface of a
head of a user, whereas the face plate of the in-the-ear
type hearing aid typically is parallel to a surface of a head
of a user. The behind-the-ear type of hearing aid typically
also has an elongated housing most often shaped as a
banana to rest on top of the auricle of the ear. The as-
sembly of this type of hearing aid will thus have a longi-
tudinal axis (such as axis 301 of Fig. 3) parallel to the
surface of the head of the user and a through axis or-
thogonal to the longitudinal axis.
[0062] Fig. 1 shows a block-diagram of a typical hear-
ing aid. In Fig. 1, the hearing aid 10 comprises a micro-
phone 11 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 12 for processing
the first audio signal into a second audio signal compen-
sating a hearing loss of a user of the hearing aid. A re-
ceiver, optionally, is connected to an output of the signal
processor 12 for converting the second audio signal into
an output sound signal, e.g. a signal modified to com-
pensate for a user’s hearing impairment, and provides
the output sound to a speaker 13. Thus, the hearing in-
strument signal processor 12 may comprise elements
such as amplifiers, compressors and noise reduction sys-
tems etc. The hearing aid may further have a feedback
loop for optimizing the output signal. The hearing aid
comprises a wireless communication unit 14 (e.g. a trans-
ceiver) for wireless communication connected with an
antenna 15 for emission and reception of an electromag-
netic field. The wireless communication unit 14 may con-
nect to the hearing aid signal processor 12 and to the
antenna 15, for communicating with e.g. external devic-
es, or with another hearing aid, located at another ear,
in a binaural hearing aid system.
[0063] The wireless communication unit may be con-
figured for wireless data communication, and in this re-
spect connected with the antenna for emission and/or
reception of an electromagnetic field. The wireless com-
munication unit may comprise a transmitter, a receiver,
a transmitter-receiver pair, such as a transceiver, a radio
unit, etc. The wireless communication 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.
[0064] 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 disclosure, the obstacle is a head. The
hearing aid comprising an antenna may be located close
to the surface of the head or in the ear canal. In general
the ear to ear communication may be performed in with
a desired frequency centred around 2.4 GHz.
[0065] Fig. 2 shows an exemplary behind-the-ear
hearing aid having an antenna system 23 according to
one embodiment of the present disclosure. The hearing
aid comprises an assembly 20. The assembly 20 com-
prises a wireless communication unit 22 for wireless com-
munication, an antenna system 23 for emission and/or
reception of an electromagnetic field. The wireless com-
munication unit 22 may connect to a hearing aid signal
processor (not shown). The wireless communication unit
22 is connected to the antenna system 23, for commu-
nicating with e.g. external devices, or with another hear-
ing aid, located at another ear, in a binaural hearing aid
system. The antenna system 23 comprises a first feeding
structure 231 and a radiating segment 232. The first feed-
ing structure 231 is connected or coupled to the wireless
communication unit 22.The radiating segment 232 is ad-
jacent to and/or is galvanic disconnected from at least a
part of the first feeding structure 231. At least a part 231a
of the first feeding structure 231 is adjacent to and/or is
galvanic disconnected from a first end of the radiating
segment 232. The radiating segment 232 is passively
excited proximate a first end of the radiating segment
232 by the first feeding structure 231. The first feeding
structure 231 and the first end of the radiating segment
232 are placed proximate each other and have a geom-
etry such that a non-zero capacitance is formed. The
radiating segment 232 is galvanic disconnected from part
231a of the first feeding structure 231 if a capacitive cou-
pling between them is between 1pF and 10pF, such as
between 1pF and 5pF. The radiating segment 232 is gal-
vanic disconnected from the part 231a of the first feeding
structure 231 if a distance between them is between 0.05
mm and 0.3 mm. The geometry of the first feeding struc-
ture and of the radiating segment and/or the distance
between them has to be chosen such that the capaci-
tance is between 1 pF and 10 pF. The radiating segment
232 is an electrically floating segment. The radiating seg-
ment 232 is e.g. a floating element in that it is galvanic
disconnected from the wireless communication unit 22
or a ground. The floating element may have no ohmic
contact to the wireless communication unit 22 or a
ground. The radiating segment 232 is capacitively cou-
pled to the first feeding structure 231. The radiating seg-
ment 232 may be galvanic disengaged or separated from
the first feeding structure 231. The radiating segment 232
and the first feeding structure 231 experience for exam-
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ple contactless conductivity of energy between them. The
radiating segment 232 and the first feeding structure 231
exchange energy through capacitance. At least a part
231a of the first feeding structure 231 is provided in a
first plane and at least a part of the radiating segment
232 is provided in a second plane, as seen in the figure
the first plane and the second plane extend in the plane
of the first feeding structure and the radiating segment,
respectively. The first plane is different from the second
plane. The antenna system 23 comprises a second feed-
ing structure 233.
[0066] The second feeding structure 233 excites the
radiating segment 232 proximate a second end. The sec-
ond feeding structure 233 is coupled or connected to the
wireless communication unit 22 or a ground plane 24.
This may provide a balanced mode where the impedance
seen into the first feeding structure 231 and the imped-
ance seen into the second feeding structure 233 are bal-
anced around a ground plane 24. The hearing aid as-
sembly 20 comprises a first side and a second side. The
first side is opposite the second side. The first side of the
hearing aid assembly and/or the second side of the hear-
ing aid assembly extends along a longitudinal axis of the
hearing aid assembly 20. The radiating segment may be
provided substantially along a first side of the hearing aid
assembly. The second side is adjacent the head of a user
when the hearing aid is worn in its intended operational
position behind the ear. A midpoint 232f of the radiating
segment 232 is located at a part of the radiating segment
that extends between the first side and the second side.
[0067] Fig. 3 shows an exemplary behind-the-ear
hearing aid having an antenna system 33 according to
one embodiment of the present disclosure. The hearing
aid comprises an assembly 30. The assembly 30 com-
prises a wireless communication unit 32 for wireless com-
munication, an antenna system 33 for emission and/or
reception of an electromagnetic field. The wireless com-
munication unit 32 may connect to a hearing aid signal
processor. The wireless communication unit 32 is con-
nected to the antenna system 33, for communicating with
e.g. external devices, or with another hearing aid, located
at another ear, in a binaural hearing aid system. The an-
tenna system 33 comprises a first feeding structure 331
and a radiating segment 332. The first feeding structure
331 is connected or coupled to the wireless communica-
tion unit 32.The radiating segment 332 is adjacent to
and/or is galvanic disconnected from the first feeding
structure 331. The first feeding structure 331 is adjacent
to and/or is galvanic disconnected from a first end of the
radiating segment 332. The radiating segment 332 is
passively excited proximate a first end of the radiating
segment 332 by the first feeding structure 331. A second
end of the radiating segment 332 is a free end or an open
end. The radiating segment 332 is galvanic disconnected
from at least a part 331a of the first feeding structure 331
if a capacitive coupling between them is between 1pF
and 10pF, such as between 1pF and 5pF. The radiating
segment 332 is galvanic disconnected from a part 331a

of the first feeding structure 331 if a distance between
them is between 0.05 mm and 0.3 mm. The radiating
segment 332 is an electrically floating segment. The ra-
diating segment 332 is e.g. a floating element in that it is
galvanic disconnected from the wireless communication
unit 32 or a ground. The radiating segment 332 is capac-
itively fed or coupled to the first feeding structure 331.
The radiating segment 332 may be galvanic disengaged
or separated from at least a part 331a of the first feeding
structure 331. The radiating segment 332 and the part
331a of the first feeding structure 331 experience for ex-
ample contactless transmission of energy between them.
The radiating segment 332 and a part 331a of the first
feeding structure 331 exchange energy through capaci-
tance. At least a part 331a of the first feeding structure
331 is provided in a first plane and at least a part 332a
of the radiating segment 332 is provided in a second
plane. The first plane is different from the second plane.
The hearing aid assembly 30 comprises a first side 31a
and a second side 31b. The first side 31a is opposite the
second side 31b. The first side 31a of the hearing aid
assembly 30 and/or the second side 31b of the hearing
aid assembly extends along a longitudinal axis of the
hearing aid assembly 30. A first section 332a of the ra-
diating segment 332 is provided along a first side of the
hearing aid assembly. A second section 332b of the ra-
diating segment 332 is provided along a second side of
the hearing aid assembly. A third section 332c of the
radiating segment 332 is connected to the first section
332a in a first end 332d of the third section 332c and to
a second section 332b in the second end 332e of the
third section 332c. The third section 332c extends along
an axis which is normal +/- 25° to the first side 31a and/or
the second side 31b of the hearing aid assembly 30. The
third section 332c extends for example along an axis
which is normal +/- 25° to a surface of a head of a user
when the hearing aid is worn in its operational position.
A length of the radiating segment may be greater than
© λ and less than λ, λ being the wavelength of an elec-
tromagnetic field emitted by the antenna system. For ex-
ample, an effective length of the antenna structure is ª
λ. A point 332f of the radiating segment 332 that is located
at a distance of © λ from the first end of the radiating
segment 332 is provided at a part of the radiating seg-
ment that extends between a first side and a second side
of the hearing aid, such as on the third section 332c of
the radiating segment 332.
[0068] Fig. 4 shows an in-the-ear (ITE) hearing aid hav-
ing an antenna system according to one embodiment of
the present disclosure. The hearing aid comprises an
assembly 40. The assembly 40 comprises a wireless
communication unit 42 for wireless communication, an
antenna system 43 for emission and/or reception of an
electromagnetic field. The wireless communication unit
42 may connect to a hearing aid signal processor. The
wireless communication unit 42 is connected to the an-
tenna system 43, for communicating with e.g. external
devices, or with another hearing aid, located at another

13 14 



EP 4 408 027 A2

9

5

10

15

20

25

30

35

40

45

50

55

ear, in a binaural hearing aid system. The antenna sys-
tem 43 comprises a first feeding structure 431 and a ra-
diating segment 432. The first feeding structure 431 is
connected or coupled to the wireless communication unit
42.The radiating segment 432 is adjacent to and/or is
galvanic disconnected from at least a part 431a of the
first feeding structure 431. The at least part 431a of the
first feeding structure 431 is adjacent to and/or is galvanic
disconnected from a first end of the radiating segment
432. The radiating segment 432 is passively excited prox-
imate a first end of the radiating segment 432 by the part
431a of the first feeding structure 431. A second end of
the radiating segment 432 is a free end or an open end.
A current at the second end of the radiating segment 432
is zero. The radiating segment 432 is galvanic discon-
nected from part 431a of the first feeding structure 431
if a capacitive coupling between them is between 1pF
and 10pF, such as between 1pF and 5pF. The radiating
segment 432 is galvanic disconnected from part 431a of
the first feeding structure 431 if a distance between them
is between 0.05 mm and 0.3 mm. The radiating segment
432 is an electrically floating segment. The radiating seg-
ment 432 is e.g. a floating element in that it is galvanic
disconnected from part 431a of the first feeding structure
431, or the wireless communication unit 42 or a ground.
The radiating segment 432 is capacitively fed or coupled
to the first feeding structure 431. The radiating segment
432 may be galvanic disengaged or separated from the
first feeding structure 431. The radiating segment 432
and part 431a of the first feeding structure 431 experience
for example contactless transmission of energy between
them. The radiating segment 432 and part 431a of the
first feeding structure 431 exchange energy through ca-
pacitance. At least a part 431a of the first feeding struc-
ture 431 is provided in a first plane 44 and at least a part
432a of the radiating segment 432 is provided in a second
plane 45. The first plane 44 is different from the second
plane 45. The hearing aid assembly 40 comprises a face
plate 41. A first section 432a of the radiating segment
432 is provided in a first ITE plane adjacent a face plate
41 of an ITE hearing aid. A second section 432b of the
radiating segment 432 is provided in a second ITE plane.
A third section 432c of the radiating segment 432 is con-
nected to the first section 432a in a first end 432d and to
the second section 432b in a second end 432e. A part
of the first section 432a is provided in a plane parallel to
the face plate 41. A part of the second section 432b is
provided in a plane parallel to the face plate 41. The sec-
ond ITE plane is substantially parallel with the first ITE
plane. A part of the third section 432c is provided in a
plane orthogonal +/-25 degrees to the face plate 41. The
third section 432c is provided along an axis which is nor-
mal +/- 25° to the face plate 41. A midpoint of the radiating
segment 432 is located at a part 432c of the radiating
segment 432 that extends in a direction orthogonal to the
face plate 41 within +/-25 degrees, such as the third sec-
tion 432c. A distance from the end 432g of the radiating
segment 432 that is capacitively coupled with the first

feeding structure, to the midpoint of the radiating seg-
ment is for example in the range of ¨ of a wavelength of
the electromagnetic field emitted by the antenna system.
[0069] Fig. 5a shows schematically an exemplary an-
tenna structure for a hearing aid according to the present
disclosure. An effective length L1 of the radiating seg-
ment 51 is between ̈  of a wavelength of an electromag-
netic field emitted by the antenna system and a full wave-
length, such as between and ¨ and ª of a wavelength
of an electromagnetic field emitted by the antenna sys-
tem. For example, the length L1 of the radiating segment
51 is half a wavelength of electromagnetic field emitted
by the antenna system. A current flowing into the radiat-
ing segment 51 reaches a maximum at a distance from
the first end of ¨ of a wavelength of the electromagnetic
field emitted by the antenna system. When for example
the length of the radiating segment 51 is half a wave-
length of the electromagnetic field emitted by the antenna
system, the current flowing into the radiating segment 51
may reach a maximum at a midpoint 51f of the radiating
segment. Such a midpoint 51f of the radiating segment
51 is preferably located at a section of the radiating seg-
ment 51 that is normal +/- 25 degrees to a surface of a
head of a user when the hearing aid is worn in its oper-
ational position (e.g. section 332c of Fig. 3, or section
432c of Fig. 4).
[0070] The radiating segment 51 is fed in a first end
511 and a second end 512, and the section 51a, 51b
indicates a part of the radiating segment which couples
capacitively with at least a part of the feeding structure
(not shown), in the first end 511 and the second end 512
of the radiating segment 51, respectively.
[0071] Fig. 5b shows schematically another exemplary
antenna structure for a hearing aid according to the
present disclosure. An effective length L2 of the radiating
segment 52 is between ¨ and ª of a wavelength of an
electromagnetic field emitted by the antenna system. For
example, the length L2 of the radiating segment 52 is
half a wavelength of electromagnetic field emitted by the
antenna system. A current flowing into the radiating seg-
ment 52 reaches a maximum at a distance from the first
end of ¨ of a wavelength of the electromagnetic field
emitted by the antenna system.
[0072] The radiating segment 52 is fed in a first end
521 while the other end 522 is a free end, and the section
52a indicates a part of the radiating segment which cou-
ples capacitively with at least a part of the feeding struc-
ture (not shown).
[0073] Fig. 6a shows schematically an exemplary
quadrilateral geometry of a first end of a radiating seg-
ment 62 and a first feeding structure 61 according to the
present disclosure. The first feeding structure 61 is ca-
pacitively coupled to the radiating segment 62 over an
area between 1/32 and 1/4 of a wavelength of an elec-
tromagnetic field emitted by the antenna system. The
first feeding structure 61 has a quadrilateral geometry
with each side having a length L3, L4 between 1/32 and
1/4 of a wavelength of an electromagnetic field emitted
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by the antenna system. The first feeding structure 61 may
have a rectangular geometry with a first side 611 having
a length L3 between 1/32 and 1/4 of a wavelength of an
electromagnetic field emitted by the antenna system and
a second side 612 having a length L4 between 1/32 and
1/4 of a wavelength of an electromagnetic field emitted
by the antenna system. The first feeding structure 61 may
have a square geometry with a side having a length be-
tween 1/32 and 1/4 of a wavelength of an electromagnetic
field emitted by the antenna system. The radiating seg-
ment 62 has a quadrilateral geometry with each side hav-
ing a length between 1/32 and 1/4 of a wavelength of an
electromagnetic field emitted by the antenna system. The
radiating segment 62 may have a rectangular geometry
with a first side having a length between 1/32 and 1/4 of
a wavelength of an electromagnetic field emitted by the
antenna system and a second side having a length be-
tween 1/32 and 1/4 of a wavelength of an electromagnetic
field emitted by the antenna system. The radiating seg-
ment 62 may have a square geometry with a side having
a length between 1/32 and 1/4 of a wavelength of an
electromagnetic field emitted by the antenna system.
[0074] Fig. 6b shows schematically an exemplary
round geometry of a first end of a radiating segment 64
and a first feeding structure 65 according to the present
disclosure. The first feeding structure 65 is capacitively
coupled to the radiating segment 64 over an area of be-
tween 1/32 and 1/4 of a wavelength of an electromagnetic
field emitted by the antenna system. The first feeding
structure 65 has a round geometry, such as a circle, a
sphere, an ellipse, and/or a rounded rectangle. The first
feeding structure 65 has a round geometry with a trans-
verse diameter having a length between 1/32 and 1/4 of
a wavelength of an electromagnetic field emitted by the
antenna system and a conjugate diameter having a
length between 1/32 and 1/4 of a wavelength of an elec-
tromagnetic field emitted by the antenna system. The
first feeding structure 65 may be a circle with a diameter
having a length between 1/32 and 1/4 of a wavelength
of an electromagnetic field emitted by the antenna sys-
tem. The radiating segment 64 has a round geometry
with a transverse diameter having a length between 1/32
and 1/4 of a wavelength of an electromagnetic field emit-
ted by the antenna system and a conjugate diameter hav-
ing a length between 1/32 and 1/4 of a wavelength of an
electromagnetic field emitted by the antenna system. The
radiating segment 64 may be a circle with a diameter
having a length between 1/32 and 1/4 of a wavelength
of an electromagnetic field emitted by the antenna sys-
tem.
[0075] Fig. 6c shows schematically an exemplary wire
geometry of a first end of a radiating segment 66 and a
first feeding structure 67 according to the present disclo-
sure. The first feeding structure 67 is capacitively coupled
to the radiating segment 66 over an area of between 1/32
and 1/4 of a wavelength of an electromagnetic field emit-
ted by the antenna system. The first feeding structure 67
has a length between 1/32 and 1/4 of a wavelength of an

electromagnetic field emitted by the antenna system and
a conjugate diameter having a length L5 between 1/32
and 1/4 of a wavelength of an electromagnetic field emit-
ted by the antenna system. The first feeding structure 67
may be less than ̈  of a wavelength of an electromagnetic
field emitted by the antenna system. The first feeding
structure 37 is between 1/16 wavelength and ¨ wave-
length. However, a geometry of the first feeding structure
and a geometry of the radiating segment are designed
such that a capacitive coupling between the first feeding
structure and the radiating segment is between 1pF and
10pF.
[0076] Fig. 6d shows schematically an exemplary fork
geometry of a first end of a radiating segment 68 and a
first feeding structure 69 according to the present disclo-
sure. The first feeding structure 69 is capacitively coupled
to the radiating segment 68 over an area of between 1/32
and 1/4 of a wavelength of an electromagnetic field emit-
ted by the antenna system. The first feeding structure 69
surrounds the radiating segment 68 along two sides and
an end part of the radiating segment 68. In the present
example, it is seen that the first feeding structure 69 and
a part of the radiating segment 68 are co-planar.
[0077] It is understood for a person skilled in the art
that the design of the feeding structures coupling to the
radiating segments may be designed in any shapes or
forms configured for coupling energy between the feed-
ing structure and the radiating segment. Even though the
coupling parts in the present examples have same or
similar shapes and forms, it is envisaged that the shape
and forms of the feeding structures 61, 65, 67, 69 may
be different from the shapes and forms of the radiating
segments 62, 64, 66, 68.
[0078] Figs. 7a-e show schematically various embod-
iments of antenna structures for a hearing aid according
to the present disclosure. Fig. 7a shows schematically
an embodiment of an antenna structure 73 of a hearing
aid according to this disclosure. The antenna system 73
comprises a first feeding structure 731, a radiating ele-
ment 732, and a third segment 733. The first feeding
structure 731 is connected to a wireless communication
unit 72. The third segment 733 is connected to a ground
plane. The radiating segment 732 is adjacent to and/or
is galvanic disconnected from at least a part of the first
feeding structure 731. The at least part of the first feeding
structure 731 is adjacent to and/or is galvanic discon-
nected from a first end of the radiating segment 732. The
radiating segment 732 is capacitively coupled or passive-
ly excited proximate a first end of the radiating segment
732 by the at least part of the first feeding structure 731.
The radiating segment 732 is adjacent to and/or is gal-
vanic disconnected to at least a part of the third segment
733. The at least part of the third segment 733 is adjacent
to and/or is galvanic disconnected from a second end of
the radiating segment 732. The radiating segment 732
is passively coupled proximate a second end of the ra-
diating segment 732 by the third segment 733.
[0079] Fig. 7b shows schematically an embodiment of
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an antenna structure 73b of a hearing aid according to
this disclosure. The antenna system 73b comprises a
first feeding structure 731b, a radiating element 732b,
and a second feeding structure 733b. The first feeding
structure 731b is connected to a wireless communication
unit 72b. The second feeding structure 733b is connected
to the wireless communication unit 72b. The radiating
segment 732b is adjacent to and/or is galvanic discon-
nected from a part of the first feeding structure 731b. The
first feeding structure 731b is adjacent to and/or is gal-
vanic disconnected from a first end of the radiating seg-
ment 732b. The radiating segment 732b is passively ex-
cited proximate a first end of the radiating segment 732b
by the first feeding structure 731b. The radiating segment
732b is adjacent to and/or is galvanic disconnected to
the second feeding structure 733b, or a part of the second
feeding structure. The second feeding structure 733b is
adjacent to and/or is galvanic disconnected from a sec-
ond end of the radiating segment 732b. The radiating
segment 732b is passively coupled proximate a second
end of the radiating segment 732b by the second feeding
structure 733b. The antenna system 73b may be a bal-
anced antenna system.
[0080] Fig. 7c shows schematically an embodiment of
an antenna structure 73c of a hearing aid according to
this disclosure. The antenna system 73c comprises a
first feeding structure 731c, a radiating element 732c.
The first feeding structure 731c is connected to a wireless
communication unit 72c. The radiating segment 732c is
adjacent to and/or is galvanic disconnected from the first
feeding structure 731c. The first feeding structure 731c
is adjacent to and/or is galvanic disconnected from a first
end of the radiating segment 732c. The radiating seg-
ment 732c is passively excited proximate a first end of
the radiating segment 732c by the first feeding structure
731c. The second end of the radiating segment 732c is
grounded. The radiating segment 732c can be construed
as a parasitic element since it is connected to a ground
plane.
[0081] Fig. 7d shows schematically an embodiment of
an antenna structure 73d of a hearing aid according to
this disclosure. The antenna system 73d comprises a
first feeding structure 731d, a radiating element 732d.
The first feeding structure 731d is connected to a wireless
communication unit 72d. The radiating segment 732d is
adjacent to and/or is galvanic disconnected from at least
a part of the first feeding structure 731d. The first feeding
structure 731d is adjacent to and/or is galvanic discon-
nected from a first end of the radiating segment 732d.
The radiating segment 732d is passively excited proxi-
mate a first end of the radiating segment 732d by the first
feeding structure 731d. The second end of the radiating
segment 732d is connected to the wireless communica-
tion unit 72d.
[0082] Fig. 7e shows schematically an embodiment of
an antenna structure 73e of a hearing aid according to
this disclosure. The antenna system 73e comprises a
first feeding structure 731e, and a radiating element

732e. The first feeding structure 731e is connected to a
wireless communication unit 72e. The radiating segment
732e is adjacent to and/or is galvanic disconnected from
at least a part of the first feeding structure 731e. The at
least part of the first feeding structure 731e is adjacent
to and/or is galvanic disconnected from a first end of the
radiating segment 732e. The radiating segment 732e is
passively excited proximate a first end of the radiating
segment 732e by the first feeding structure 731e. The
second end of the radiating segment 732e is a free end.
In this embodiment, there is no balanced mode. The an-
tenna system 73e may be construed as a monopole an-
tenna.
[0083] Currents flowing in the parts of the antenna sys-
tem 23, 33, 43, in a direction orthogonal to the surface
of the head, such as in the parts 332c, 432c contribute
significantly to the electromagnetic field radiated by the
antenna. The part of the antenna extending orthogonally
to the face plate in an ITE hearing or to the first side in a
BTE hearing is orthogonal to the surface of the head.
This part 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.
[0084] Fig. 8 shows schematically an exemplary ar-
rangement 80 of an antenna system 82 with respect to
a hearing aid shell 81. The arrangement 80 comprises a
hearing aid shell 81, and an antenna system 82. The
antenna system 82 comprises a first feeding structure,
and a radiating segment (not entirely shown). In one or
more embodiments, at least a part 822 of the radiating
segment is provided at or in a hearing aid shell 81. In one
or more embodiments, at least a part 822 of the radiating
segment is provided on an inner or an outer surface of
the hearing aid shell 81. For example the hearing aid
shell 81 is manufactured in a low loss material, such as
in a material having a tangient loss of below 0.05, such
as below 0.02, such as in a material of plastic, ABS Poly-
carbonate, PCABS, Zytel, ceramics, etc. For example, a
part 821 of the first feeding structure is glued against an
internal e.g. plastic frame while a part 822 of the radiating
segment is placed in outer surface of the hearing shell.
Alternatively, a part 821 of the first feeding structure is
glued against an internal e.g. plastic frame while a part
822 of the radiating segment is placed inside the e.g.
plastic hearing shell. Another example involves placing
the first feeding structure against an internal e.g. plastic
frame and the radiating segment inside the hearing aid
shell as a metal insert mold. In yet another example, the
first feeding structure and the radiating segment are
stacked on the same flex print with a certain thickness
of e.g. polyimide dielectric material used in PCB flex print
material and placed against an internal e.g. plastic frame
of the hearing aid.
[0085] The use of the terms "first", "second", and the
like does not imply any particular order, but they are in-
cluded to identify individual elements. Moreover, the use
of the terms first, second, etc. does not denote any order

19 20 



EP 4 408 027 A2

12

5

10

15

20

25

30

35

40

45

50

55

or importance, but rather the terms first, second, etc. are
used to distinguish one element from another. Note that
the words first and second are used here and elsewhere
for labelling purposes only and are not intended to denote
any specific spatial or temporal ordering. Furthermore,
the labelling of a first element does not imply the presence
of a second element
[0086] Also disclosed are hearing aids according to
any of the following items:

Item 1. A hearing aid comprising an assembly, the
assembly comprising:

- 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 communication

- an antenna system comprising a first feeding
structure and a radiating segment, and

wherein the first feeding structure is connected or
coupled to the wireless communication unit, and
wherein the radiating segment is adjacent to and/or
is galvanic disconnected from at least a part of the
first feeding structure.

Item 2. A hearing aid according to item 1, wherein
the at least part of the first feeding structure is gal-
vanic disconnected from the radiating segment if a
capacitive coupling between the at least part of the
first feeding structure and the radiating segment is
between 1pF and 10pF.

Item 3. A hearing aid according to any of the previous
items, wherein the at least part of the first feeding
structure is galvanic disconnected from the radiating
segment if the distance between the at least part of
the first feeding structure and the radiating segment
is between 0.05 mm and 0.3 mm.

Item 4. A hearing aid according to any of the previous
items, wherein the at least part of the first feeding
structure is adjacent to and/or is galvanic discon-
nected from a first end of the radiating segment.

Item 5. A hearing aid according to any of items 2-3,
wherein the at least part of the first feeding structure
is capacitively coupled to the radiating segment over
an area between 1/32 and 1/4 of a wavelength of an
electromagnetic field emitted by the antenna system.

Item 6. A hearing aid according to any of the previous
items, wherein the effective length of the radiating
segment is between ¨ of a wavelength and a full

wavelength of an electromagnetic field emitted by
the antenna system.

Item 7. A hearing aid according to any of the previous
items, wherein a current flowing into the radiating
segment reaches a maximum at a distance from the
first end of ̈  of a wavelength of the electromagnetic
field emitted by the antenna system .

Item 8. A hearing aid according to any of the previous
items, wherein a length of the first feeding structure
is less than ̈  of a wavelength of an electromagnetic
field emitted by the antenna system.

Item 9. A hearing aid according to any of the previous
items, wherein a length of the first feeding structure
is between 1/16 of a wavelength and ¨ of a wave-
length of an electromagnetic field emitted by the an-
tenna system.

Item 10. A hearing aid according to any of the pre-
vious items, wherein the radiating segment is an
electrically floating segment.

Item 11. A hearing aid according to any of the pre-
vious items, wherein at least a part of the first feeding
structure is provided in a first plane and wherein at
least a part of the radiating segment is provided in a
second plane.

Item 12. A hearing aid according to item 4, wherein
the first plane is different from the second plane.

Item 13. A hearing aid according to any of items 1-4,
wherein a part of the first feeding structure and a part
of the radiating segment are co-planar.

Item 14. A hearing aid according to any of the pre-
vious items, wherein the radiating segment has one
free end or two free ends.

Item 15. A hearing aid according to any of the pre-
vious items, wherein a first section of the radiating
segment is provided along a first side of the hearing
aid assembly, a second section of the radiating seg-
ment is provided along a second side of the hearing
aid assembly, and a third section of the radiating
segment is connected to the first section in a first
end and to a second section in the second end.

Item 16. A hearing aid according to item 7, wherein
the first side of the hearing aid assembly and/or the
second side of the hearing aid assembly extends
along a longitudinal axis of the hearing aid.

Item 17. A hearing aid according to items 7 or 8,
wherein the third section extends along an axis which
is normal +/- 25° to the first side and/or the second
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side of the hearing aid assembly.

Item 18. A hearing aid according to any of items 1-6,
wherein a first section of the radiating segment is
provided in a first in-the-ear plane adjacent a face
plate of an in-the-ear hearing aid, and wherein a sec-
ond section of the radiating segment is provided in
a second in-the-ear plane, and wherein a third sec-
tion of the radiating segment is connected to the first
section in a first end and to the second section in a
second end.

Item 19. A hearing aid according to item 9, wherein
the third section is provided along an axis which is
normal +/- 25° to the face plate.

Item 20. A hearing aid according to item 10, wherein
the second in-the-ear plane is substantially parallel
with the first in-the-ear plane.

Item 21. A hearing aid according to any of items 1-6,
wherein the radiating segment is provided substan-
tially along a first side of the hearing aid assembly.

Item 22. A hearing aid according to any of the pre-
vious items, wherein at least a part of the radiating
segment is provided at or in a hearing aid shell. Item
23. A hearing aid according to item 22, wherein at
least a part of the radiating segment is provided on
an inner or an outer surface of the hearing aid shell.

Item 24. A hearing aid according to items 22-23,
wherein the hearing aid shell is manufactured in a
low loss material, such as in a material having a tan-
gent loss of below 0.05, such as below 0.02, such
as in a material of plastic, ABS Polycarbonate,
PCABS, Zytel, ceramics, etc.

Item 25. A hearing aid according to any of the pre-
vious items, wherein the antenna system further has
a third segment, the third segment being connected
to the wireless communication unit and wherein at
least a part of the third segment is adjacent to and/or
is galvanic disconnected from a second end of the
radiating segment.

Item 26. A hearing aid according to any items 1-24,
wherein the antenna system further has a third seg-
ment, the third segment being connected to a ground
plane and wherein at least a part of the third segment
is adjacent to and/or is galvanic disconnected from
a second end of the radiating segment.

Item 27. A hearing aid according to any of the pre-
vious items, wherein at least a part of the first feeding
structure is adjacent to and/or is galvanic discon-
nected from a first end of the radiating segment and
wherein a second end of the radiating segment is

grounded.

[0087] Additionally disclosed are hearing aids accord-
ing to any of the following embodiments:

1. A hearing aid comprising an assembly, the as-
sembly comprising:

- 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 communication, and

- an antenna system comprising a first feeding
structure and a radiating segment,

wherein the first feeding structure is connected
or coupled to the wireless communication unit,
and wherein the radiating segment is galvanic
disconnected from at least a part of the first feed-
ing structure; and
wherein the at least part of the first feeding struc-
ture is galvanic disconnected from the radiating
segment if a capacitive coupling between the at
least part of the first feeding structure and the
radiating segment is between 0.5pF and 20 pF.

2. A hearing aid according to embodiment 1, wherein
the at least a part of the first feeding structure is gal-
vanic disconnected from the radiating segment if the
capacitive coupling is between 0.5 pF and 3pF.

3. A hearing aid according to any of the previous
embodiments, wherein the at least part of the first
feeding structure is galvanic disconnected from the
radiating segment if a distance between the at least
part of the first feeding structure and the radiating
segment is between 0.05 mm and 0.3 mm.

4. A hearing aid according to any of the previous
embodiments, wherein an effective length of the ra-
diating segment is between ¨ of a wavelength and
a full wavelength of an electromagnetic field emitted
by the antenna system.

5. A hearing aid according to any of the previous
embodiments, wherein a current flowing into the ra-
diating segment reaches a maximum at a distance
from the first end of ¨ of a wavelength of an electro-
magnetic field emitted by the antenna system .

6. A hearing aid according to any of the previous
embodiments, wherein a length of the first feeding
structure is less than ¨ of a wavelength of an elec-
tromagnetic field emitted by the antenna system.
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7. A hearing aid according to any of the previous
embodiments, wherein the radiating segment is an
electrically floating segment.

8. A hearing aid according to any of the previous
embodiments, wherein at least a part of the first feed-
ing structure is provided in a first plane and wherein
at least a part of the radiating segment is provided
in a second plane.

9. A hearing aid according to any of the previous
embodiments, wherein the radiating segment has a
free end.

10. A hearing aid according to any of the previous
embodiments, wherein a first section of the radiating
segment is provided along a first side of the assem-
bly, a second section of the radiating segment is pro-
vided along a second side of the assembly, and a
third section of the radiating segment has a first end
connected to the first section and a second end con-
nected to a second section.

11. A hearing aid according to any of embodiments
1-10, wherein the hearing aid is an in-the-ear hearing
aid, wherein a first section of the radiating segment
is provided in a first in-the-ear plane adjacent a face
plate of the in-the-ear hearing aid, and wherein a
second section of the radiating segment is provided
in a second in-the-ear plane, and wherein a third
section of the radiating segment has a first end con-
nected to the first section and a second end connect-
ed to the second section.

12. A hearing aid according to embodiment 11,
wherein the third section is provided along an axis
which is normal +/- 25° to the face plate.

13. A hearing aid according to any of the previous
embodiments, wherein at least a part of the radiating
segment is provided at or in a hearing aid shell.

14. A hearing aid according to any of the previous
embodiments, wherein the antenna system further
has a third segment, the third segment being con-
nected to the wireless communication unit and
wherein at least a part of the third segment is galvanic
disconnected from a second end of the radiating seg-
ment.

15. A hearing aid according to any embodiments
1-13 wherein the antenna system further has a third
segment, the third segment being connected to a
ground plane and wherein at least a part of the third
segment is galvanic disconnected from a second end
of the radiating segment.

16. A hearing aid comprising a housing, the housing

comprising:

- 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 communication, and

- an antenna system comprising a first feeding
structure and a radiating segment,

wherein the first feeding structure is connected or
coupled to the wireless communication unit, and
wherein the radiating segment is adjacent to and gal-
vanic disconnected from at least a part of the first
feeding structure.

[0088] Although particular embodiments have been
shown and described, it will be understood that it is not
intended to limit the claimed inventions to the preferred
embodiments, and it will be obvious to those skilled in
the art that various changes and modifications may be
made without departing from the spirit and scope of the
claimed inventions. The specification and drawings are,
accordingly, to be regarded in an illustrative rather than
restrictive sense. The claimed inventions are intended to
cover alternatives, modifications, and equivalents.

Claims

1. A hearing aid comprising an assembly, the assembly
comprising:

- 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 communication, and
- an antenna system comprising a first feeding
structure and a radiating segment,
wherein the first feeding structure is connected
or coupled to the wireless communication unit,
and wherein the radiating segment is adjecent
to at least a part of the first feeding structure; and
wherein a capacitive coupling between the at
least part of the first feeding structure and the
radiating segment is between 0.5pF and 20 pF.

2. A hearing aid according to claim 1, wherein the ca-
pacitive coupling is between 0.5 pF and 3pF such
that the at least a part of the first feeding structure
is galvanic disconnected from the radiating segment.
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3. A hearing aid according to any of the previous claims,
wherein a distance between the at least part of the
first feeding structure and the radiating segment is
between 0.05 mm and 0.3 mm such that the at least
a part of the first feeding structure is galvanic dis-
connected from the radiating segment.

4. A hearing aid according to any of the previous claims,
wherein an effective length of the radiating segment
is between ¨ of a wavelength and a full wavelength
of an electromagnetic field emitted by the antenna
system.

5. A hearing aid according to any of the previous claims,
wherein a current flowing into the radiating segment
reaches a maximum at a distance from the first end
of ̈  of a wavelength of an electromagnetic field emit-
ted by the antenna system.

6. A hearing aid according to any of the previous claims,
wherein a length of the first feeding structure is less
than ¨ of a wavelength of an electromagnetic field
emitted by the antenna system.

7. A hearing aid according to any of the previous claims,
wherein the radiating segment is an electrically float-
ing segment.

8. A hearing aid according to any of the previous claims,
wherein at least a part of the first feeding structure
is provided in a first plane and wherein at least a part
of the radiating segment is provided in a second
plane.

9. A hearing aid according to any of the previous claims,
wherein the radiating segment has a free end.

10. A hearing aid according to any of the previous claims,
wherein a first section of the radiating segment is
provided along a first side of the assembly, a second
section of the radiating segment is provided along a
second side of the assembly, and a third section of
the radiating segment has a first end connected to
the first section and a second end connected to a
second section.

11. A hearing aid according to any of claims 1-10, where-
in the hearing aid is an in-the-ear hearing aid, where-
in a first section of the radiating segment is provided
in a first in-the-ear plane adjacent a face plate of the
in-the-ear hearing aid, and wherein a second section
of the radiating segment is provided in a second in-
the-ear plane, and wherein a third section of the ra-
diating segment has a first end connected to the first
section and a second end connected to the second
section.

12. A hearing aid according to claim 11, wherein the third

section is provided along an axis which is normal +/-
25° to the face plate.

13. A hearing aid according to any of the previous claims,
wherein at least a part of the radiating segment is
provided at or in a hearing aid shell.

14. A hearing aid according to any of the previous claims,
wherein the antenna system further has a third seg-
ment, the third segment being connected to the wire-
less communication unit and wherein at least a part
of the third segment is galvanic disconnected from
a second end of the radiating segment.

15. A hearing aid according to any claims 1-13 wherein
the antenna system further has a third segment, the
third segment being connected to a ground plane
and wherein at least a part of the third segment is
galvanic disconnected from a second end of the ra-
diating segment.

16. A hearing aid comprising a housing, the housing
comprising:

- 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 communication, and
- an antenna system comprising a first feeding
structure and a radiating segment,
wherein the first feeding structure is connected
or coupled to the wireless communication unit,
and wherein the radiating segment is adjacent
to and at least a part of the first feeding structure
and
wherein a capacitive coupling between the at
least part of the first feeding structure and the
radiating segment is between 0.5pF and 20 pF.
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