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Description
FIELD
[0001] The present disclosure relates to a hearing aid,

such as a behind-the-ear hearing aid, comprising a mi-
crophone configured to receive sound. The hearing aid
comprises aprocessing unit configured to provide a proc-
essed audio signal for compensating a hearing loss of a
user. More particularly, the hearing aid comprises a print-
ed circuit board comprising a first layer. The hearing aid
comprises an antenna provided as an electrically con-
ducting material on the first layer.

[0002] The hearing aid may be used in a binaural hear-
ing aid system. During operation, the hearing aid is worn
in the ear of a user.

BACKGROUND

[0003] Hearing aids are very small and delicate devic-
es and comprise many electronic and metallic compo-
nents contained in a housing or shell small enough to fit
in the ear canal of a human or be located behind the outer
ear. The many electronic and metallic components in
combination with the small size of the hearing aid housing
or shell impose high design constraints on radio frequen-
cy antennas to be used in hearing aids with wireless com-
munication capabilities.

[0004] Moreover, the antenna in the hearing aid has
to be designed to achieve a satisfactory performance de-
spite these limitations and other high design constraints
imposed by the size of the hearing aid.

[0005] The developments within wireless technologies
for hearing devices and the continuous efforts to make
hearing devices smaller and more cost effective to man-
ufacture has led to the use of flexible carriers incorporat-
ing one or more antennas in hearing devices.

[0006] Still further, in binaural hearing aid systems, the
requirements to the quality of the communication be-
tween the hearing aids in the binaural hearing aid system
are ever increasing, and include demands for low latency
and low noise, increasing the requests for effective an-
tennas in the hearing aids.

SUMMARY

[0007] There is a desire for reducing the size of the
electrical assembly of a hearing device.

[0008] There is a need for improved wireless commu-
nication in hearing aids.

[0009] Itis an object of the presentinvention to provide
a hearing aid with reduced size of the electrical assembly
of the hearing aid and with improved wireless communi-
cation capabilities, such as improved wireless commu-
nication capabilities between two hearing aids worn in or
behind opposite ears of the user, and/or between a hear-
ing aid and an accessory device.

[0010] Radio connectivity between hearing aids (His)
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allows for advanced binaural signal processing when the
important ear-to-ear (E2E) link is ensured. Furthermore,
the His may be connected to a plethora of accessories,
that can be either body-worn or placed in the user’s prox-
imity, and hence to the internet as part of the so-called
internet of things (loT). However, it is challenging but of
key importance to ensure a stable E2E link. The 2.4 GHz
ISM band is preferred due to the presence of many har-
monized standards for low-power communications, such
as BLE or ZigBee, its worldwide availability for industrial
use, and the trade-off between power consumption and
range that can be achieved. The E2E link is particularly
demanding in terms of requirements on the wearable an-
tenna design and performance. Infact, in order to achieve
a good on-body performance, the antenna needs to ex-
hibit optimal radiation efficiency, bandwidth, polarization,
and radiation pattern, while the volume available for the
design is extremely reduced, as most times space comes
at a premium in wearable devices such as in hearing aid,
in particular in ITE hearing aids. Furthermore, mass pro-
duction and industrial design needs demand the antenna
to be as well low-profile, lightweight, and inexpensive to
manufacture. In particular, the antenna polarization char-
acteristic is an important performance parameter. More
overall constrains may also be relevant. In fact, the effi-
ciency may be seriously jeopardized by the proximity of
the antenna to the human head, as the body tissues have
very high losses around 2.4 GHz due to the high water
content. This may critically impact the overall perform-
ance given the magnitude of the drop in efficiency and
the fact that the HI radios operate in ultra-low-power re-
gime. Another issue threatening antenna efficiency is the
little volume available for the design, as this necessarily
brings the antenna in close physical, hence, electrical as
well, proximity of other parts of the device, with a strong
likelihood of coupling to them. A large bandwidth is as
well hard to achieve for an electrically small antenna
(ESA), due to its fundamental limits. The bandwidth may
cover at least the whole 2.4 GHz ISM band, but a larger
bandwidth would help to compensate for the detuning of
the antenna caused by the body, that varies across users.
[0011] In accordance with the present disclosure, the
above-mentioned and other objects are obtained by a
behind-the-ear hearing aid.

[0012] Disclosed is a hearing aid comprising a micro-
phone configured to receive sound. The hearing aid com-
prises a processing unit configured to provide a proc-
essed audio signal for compensating a hearing loss of a
user. The hearing aid comprises a printed circuit board
comprising a first layer. The hearing aid comprises an
antenna provided as an electrically conductive material
on the first layer. The hearing aid comprises a wireless
communication unit for wireless communication. The
hearing aid comprises a polarization element configured
for forming the polarization of the antenna, where the
polarization element is provided on a flexible printed cir-
cuit board, and where the flexible printed circuit board
comprises at least a first flexible printed circuit board.
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[0013] The hearing aid may be a behind-the-ear (BTE)
hearing aid. The hearing aid may comprise a housing.
The features of components of the hearing aid may be
comprised, provided or arranged in the housing.

[0014] The processing unitis configured to process the
sound received by the microphone to provide a proc-
essed audio signal for compensating a hearing loss of a
user. The hearing aid may also comprise an output trans-
ducer for providing an acoustic output, i.e. the processed
audio signal form the processing unit, to an ear of the
user wearing the hearing aid in or behind or at his/her ear.
[0015] The hearing aid comprises a printed circuit
board comprising a first layer. The antenna is provided
as an electrically conductive material on the first layer. It
an advantage that the antenna is provided on the first
layer of the printed circuit board, as this means that the
antenna can be short, such as shorter than the typical
length of an antenna in a hearing aid, such as in a BTE
hearing aid. Typically and in prior art the antenna is
placed outside the printed circuit board, such as on the
walls of the housing, on a cover element, attached to a
walland/orjustfreely floating in the housing, i.e. notbeing
attached.

[0016] The hearing aid comprising a polarization ele-
ment configured for forming the polarization of the an-
tenna, where the polarization element is provided on a
flexible printed circuit board, where the flexible printed
circuit board comprises at least a first flexible printed cir-
cuit board. It is an advantage that due to the polarization
element, the polarization of the antenna is configured to
be formed or controlled or improved thereby providing
ear-to-ear (E2E) capabilities of the hearing aid.

[0017] The flexible printed circuit board is configured
to be retro fitted in the hearing aid after the actual man-
ufacturing of the hearing aid. Alternatively, the flexible
printed circuit board can be provided in the hearing aid
when the hearing aid is manufactured.

[0018] Itis an advantage that the flexible printed circuit
board comprising the polarization element is configured
to be retro-fitted in the hearing aid, as this provides for
changing or upgrading a standard hearing aid to a high-
end or higher-end hearing aid in an easy way.

[0019] The hearing aid comprises a wireless commu-
nication unit for wireless communication. The wireless
communication, or radio, may be arranged on the printed
circuit board.

[0020] According to a further aspect of the invention,
a binaural hearing aid system is disclosed comprising a
first and a second hearing aid as herein disclosed. Thus
the first and/or second hearing aid may be a hearing aid
as disclosed above.

[0021] Thus it is an advantage that the polarization of
the antenna can be formed or controlled or directed, for
example such that it is higher in an orthogonal direction
or normal to the head of the user or to the surface of the
head of the user. The polarization should be formed such
that itimproves the wireless communication between for
example two hearing aids arranged in both ears of the
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user. The correct polarization of the antenna, e.g. a po-
larization which is higher in an orthogonal direction to the
surface of the head of the user, is an advantage as this
is optimal to excite a strong surface wave, i.e. electro-
magnetic wave, along the body, such as along the face
of the user, such as to the other ear of the user.

[0022] Thewireless communication betweentwo hear-
ing aids is an advantage as the hearing aids can com-
municate together, and such that each hearing aid does
not need to be adjusted manually, but can be adjusted
automatically due to the wireless communication with the
hearing aid in the other ear. For example if the user turns
his head, for example when he is in a conversation with
another person, the ear pointing away from the sound
source, e.g. the conversation partner, will receive less
sound, and this ear will thus hear less. Normally the user
will then turn up the volume of this hearing aid. However
with the ear-to-ear technology the two hearing aids com-
municate wirelessly with each other and can automati-
cally turn up and down the volume when needed.
[0023] The correct or optimal polarization of the anten-
na provided by the polarization element in the hearing
aid(s) thus improves this wireless ear-to-ear communi-
cation between the hearing aids.

[0024] The polarization of the antenna corresponds or
defines or determines the direction of the electric field or
E-field.

[0025] The antenna is for emission and/or reception of
an electromagnetic field being interconnected with one
of the one or more wireless communication units.
[0026] The antenna may be an electric antenna. The
antenna may be a monopole antenna.

[0027] The antenna may be a dipole antenna. The an-
tenna may be a resonant antenna. The antenna may be
a quarter-wave monopole antenna etc.

[0028] Thus it is an advantage that the antenna may
be short, such as shorter than a loop antenna. When the
antenna is short, the antenna does not require much
space in the hearing aid and thus there are more options
and flexibility with regards to the arrangement of the an-
tenna and the relative arrangement of first antenna and
the other components.

[0029] The antenna may be configured to have a first
radiation pattern.

[0030] The near field pattern for the antenna may be
a TM polarized near field. The first radiation pattern may
be dominated by the E-field, so that a primary part of the
overall electromagnetic field, such as more than 75%,
such as more than 80%, such as more than 85%, such
as more than 90% of the overall electromagnetic field, is
contributed by the E-field.

[0031] The antenna may be a 2.4 GHz antenna. The
antenna may be configured for radiation in a first frequen-
cy range. A second antenna may be provided, e.g. amag-
netic antenna, and the second antenna may be config-
ured for radiation in a second frequency range.

[0032] The antenna may be configured to operate in
the first frequency range, such as at a frequency above
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800 MHz, such as at a frequency above 1 GHz, such as
at a frequency of 2.4 GHz, such as at a frequency be-
tween 1.5 GHz and 3 GHz, during use. Thus, the antenna
may be configured for operation in ISM frequency band.
The antenna may be any antenna capable of operating
at these frequencies, and the antenna may thus be a
resonant antenna, such as monopole antenna, such as
a dipole antenna, etc. The resonant antenna may have
a length of lambda/4 or any multiple thereof, lambda be-
ing the wavelength corresponding to the emitted electro-
magnetic field.

[0033] Inpresentday communication systems, numer-
ous different communication systems communicate at or
about 2.4 GHz, and thus there is also a significant noise
in the frequency range at or about 2.4 GHz. It is an ad-
vantage of the present invention that for some applica-
tions for which the noise may be acceptable, for example
for data communication, the antenna, such as an elec-
trical antenna may be used. For other applications, in
which a high noise level may impact the transmission
significantly, a second antenna, such as a magnetic an-
tenna may be used. For example, the second antenna
may be used for streaming of audio.

[0034] The antenna may be configured for data com-
munication at afirst bitrate. In one or more embodiments,
a second antenna may be provided and the second an-
tenna may be configured for data communication at a
second bit rate, the second bit rate being larger than the
first bit rate, such as by a factor 10, such as by a factor
30, a factor 50, a factor 100, etc.

[0035] To improve the polarization of the antenna a
polarization element is provided on a flexible printed cir-
cuit board.

[0036] This means thatthere will be at least some cur-
rents induced on the polarization element, and these cur-
rents have a direction between a first side and a second
side of the hearing aid device in an E2E direction. The
PCB antenna is placed so that it has current going in a
non-E2E direction from a first end to an opposite second
end, since otherwise the antenna cannot have the de-
sired length. Thus the E2E current may be orthogonal
relative to the direction of the antenna on the printed cir-
cuit board. This is an improvement compared to just hav-
ing the antenna by itself, because the antenna by itself
is placed in a plane, which has an orientation that means
that the electric field transmitted by the antenna for the
most part will be in the skin of the user, such as parallel
to the surface of the user’s head.

[0037] However, with a polarization element forming
the polarization of the antenna, where the polarization
element is provided on the flexible printed circuit board,
the electric field can be oriented or directed or turned so
that it becomes more orthogonal to the surface, and thus
skin, of the user’s head. This is advantageous, because
skin has many charges which will attenuate the electric
field if it is oscillating in the surface skin of the user as it
travels along the body and face.

[0038] The hearing aid or housing may comprise a first
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side and a second side, where the first side and the sec-
ond may be arranged opposite each other. The first side
and the second side may be arranged in an E2E direction
when the hearing aid is worn by the user. The hearing
aid or housing may comprise a first end and a second
end, where the first end and the second end may be
arranged opposite each other. The first end and the sec-
ond end may be arranged in a non-E2E direction when
the hearing aid is worn by the user. The E2E direction
and the non-E2E direction may be orthogonal relative to
each other, such as substantially orthogonal, such as
orthogonal within 20 degrees, or within 10 degrees, or
within 5 degrees. The first and the second side may be
orthogonal relative to the first and the second end, such
as substantially orthogonal, such as orthogonal within 20
degrees, or within 10 degrees, or within 5 degrees.
[0039] The hearing aid may be a Behind-The-Ear
(BTE) hearing aid.

[0040] The hearingaid may comprise the printed circuit
board having a first board surface and a second board
surface. The second board surface may be parallel to
the first board surface.

[0041] The hearing aid may comprise the flexible print-
ed circuit board, also denoted flexible carrier. The flexible
printed circuit board may have a thickness in the range
from 5 umto 1,000 pm. The flexible printed circuit board
may be a sheet. In an exemplary electrical assembly, the
flexible printed circuit board has a thickness in the range
from 12 pum to 600 pm, such as 50 wm, 100 pwm, 200 pm,
300 wm, 400 pwm, 500 wm or any ranges therebetween.
The flexible printed circuit board may have a first flexfilm
surface and a second flexfilm surface.

[0042] The electrically conducting material may be sol-
der material such as a solder alloy, e.g. comprising one
or more of zinc, tin, silver, copper and lead.

[0043] The diameter at the first end and/or second end
ofthe hearing aid is typically less than 7 mm. The distance
between the first end and the second end of the hearing
aid is typically also 7 mm

[0044] A printed circuit board may be provided in the
hearing aid. The antenna may be connected to the circuit
board with a wire. The circuit board may have a matching
circuit, a balun and a radio, such as a wireless commu-
nication unit.

[0045] The polarization element can be connected to
ground or it can be floating, i.e. not connected to ground.
[0046] The hearing aid may comprise a battery. The
battery may have a first side and a second side. The
battery may be provided at the second end of the hearing
aid.

[0047] The battery may be a flat battery, such as a
button shaped battery. The battery may be circular. The
battery may be a disk-shaped battery.

[0048] The hearing aid may be any hearing aid, such
as a hearing aid of the in-the-ear type, such as in-the-
canal type, such as completely-in-the-canal type of hear-
ing aid, etc., a hearing aid of the behind-the-ear type, of
the receiver-in-the-ear type of hearing aid, etc.
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[0049] One or more wireless communications unit(s)
are configured for wireless data communication, and in
thisrespectinterconnected with the antenna for emission
and reception of an electromagnetic field. Each of the
one or more wireless communication units may comprise
atransmitter, areceiver, a transmitter-receiver pair, such
as a transceiver, a radio unit, etc. The one or more wire-
less communication units may be configured for commu-
nication using any protocol as known for a person skilled
in the art, including Bluetooth, WLAN standards, manu-
facture specific protocols, such as tailored proximity an-
tenna protocols, such as proprietary protocols, such as
low-power wireless communication protocols, RF com-
munication protocols, magnetic induction protocols, etc.
The one or more wireless communication units may be
configured for communication using same communica-
tion protocols, or same type of communication protocols,
or the one or more wireless communication units may be
configured for communication using different communi-
cation protocols.

[0050] The processingunit may be provided on a print-
ed circuit board.

[0051] The term sound and/or the term acoustic output
may be understood to be an audio signal. Thus the mi-
crophone may be configured toreceive sound or an audio
signal. The output transducer may be configured to pro-
vide or transmit an acoustic output or a processed audio
signal, such as the processed audio signal provided by
the processing unit. The acoustic output or processed
audio signal may be provided or transmitted to an ear of
the user wearing the hearing aid during use.

[0052] In some embodiments the polarization element
provides that the polarization of the antenna is higher in
an orthogonal direction to a surface of a user’s head than
in a direction parallel to the surface of the user’s head,
when the hearing aid is arranged in an ear of the user
during use of the hearing aid.

[0053] Thus it is an advantage that the polarization of
the antenna is higher in an orthogonal direction or normal
to the head of the user or to the surface of the head of
the user as this improves the wireless communication
between for example two hearing aids arranged in both
ears of the user. The orthogonal polarization of the an-
tennais an advantage as this is optimal to excite a strong
surface wave, i.e. electromagnetic wave, along the body,
such as along the face of the user, such as to the other
ear of the user.

[0054] Thus the polarization ofthe antennais primarily,
mainly or substantially orthogonal or normal to the sur-
face of the user’s head. The polarization of the antenna
is orthogonal to the surface of the head such as 10 de-
grees from orthogonal, such as 15 degrees orthogonal,
such as 20 degrees orthogonal, such as 25 degrees or-
thogonal, such as 30 degrees orthogonal etc.

[0055] Insome embodiments the polarization element
comprises an electrically conductive material. Thus it is
an advantage that the polarization element may be pro-
vided as an electrically conductive material. The electri-
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cally conducting material may be an electrically conduc-
tive metal, such as cobber, and/or another suitable ma-
terial which is electrically conductive and can form the
polarization of the antenna. The electrically conductive
material may be in the form of a metallic sheet or surface.
[0056] In some embodiments the electrically conduc-
tive material(s) is/are a conductive trace. The conductive
trace may be a wire. The conductive trace may be made
of a metal, for example cobber and/or alloy comprising
cobber. The antenna and/or the polarization element may
be made of or comprise an electrically conductive mate-
rial, such as a conductive trace. Thus the antenna and/or
the polarization element may be made of a metal, such
as cobber.

[0057] In some embodiments the hearing aid compris-
es a housing with one or more walls, and wherein the
flexible printed circuit board is attached and/or mounted
on at least a part of at least one of the one or more walls.
The flexible printed circuit board may be attached or
mounted on the inside or internal face or surface of the
one or more walls.

[0058] In some embodiments the printed circuit board
comprises a first pad, and wherein the polarization ele-
ment comprises a first end, and wherein the first end is
interconnected with the first pad. The first end of the po-
larization element may be termed a terminal, such as a
first terminal. The interconnection may be a connection
and/or a mounting and/or a soldering. As the printed cir-
cuit board and/or a part and/or layer of the printed circuit
board functions as ground (potential), the polarization
element will be connected to ground when connected to
the printed circuit board at this first pad.

[0059] In some embodiments the printed circuit board
comprises a second pad, and/or wherein the polarization
element comprises a second end.

[0060] In some embodiments the second end of the
polarization element is interconnected with the second
pad. The interconnection may be a connection and/or a
mounting and/or a soldering. As the printed circuit board
and/or a part and/or layer of the printed circuit board func-
tions as ground (potential), the polarization element will
be connected to ground when connected to the printed
circuit board at this second pad. If the first end of the
polarization element is also interconnected with the sec-
ond pad of the printed circuit board, the flexible printed
circuit board may extend all the way around the housing
from the first pad to the second pad of the printed circuit
board, e.g. forming a closed flexible printed circuit board,
and this provides a long polarization element which can
provide a high current in an E2E direction, i.e. a current
extending across the hearing aid device from a first side
of the hearing aid, or hearing aid housing, to a second
opposite side of the hearing aid, or hearing aid housing.
The PCB antenna is placed so that it has current going
in a non-E2E direction from a first end to an opposite
second end, since otherwise the antenna cannot have
the desired length. Thus the E2E current may be orthog-
onal relative to the direction of the antenna on the printed
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circuit board.

[0061] Insomeembodiments the flexible printed circuit
board comprises a second flexible printed circuit board,
and wherein the second end of the polarization element
on the first flexible printed circuit board is arranged prox-
imate to a second end of the polarization element on the
second flexible printed circuit board to provide a capac-
itive coupling. The first and the second flexible printed
circuits boards may be arranged on opposite walls of the
housing and/or on the same wall of the housing. The
second end of the polarization element on the first flexible
printed circuit board is arranged proximate to a second
end of the polarization element on the second flexible
printed circuit board, where proximate may be such as
opposite, such as exactly opposite, or such as displaced
relative to each other along a line in a longitudinal direc-
tion of the housing. The capacitive coupling is thus be-
tween the second ends of the polarization elements,
whereby the signal or current may jump from the second
end of the polarization element of first flexible printed
circuitboard to the second end of the polarization element
of the second flexible printed circuit board, and thereby
providing the same function as a closed flexible printed
circuit board, which provides a long polarization element
which can provide a high current in an E2E direction, i.e.
a current extending across the hearing aid device from
a first side of the hearing aid, or hearing aid housing, to
a second opposite side of the hearing aid, or hearing aid
housing. The PCB antenna is placed so thatithas current
going in a non-E2E direction from a first end to an oppo-
site second end, since otherwise the antenna cannot
have the desired length. Thus the E2E current may be
orthogonal relative to the direction of the antenna on the
printed circuit board. A closed flexible printed circuit
board may be implemented as disclosed in the previous
embodiment, where the first end of the polarization ele-
ment is interconnected with the first pad of the printed
circuit board, and where the second end of the polariza-
tion element is interconnected with the second pad of the
printed circuit board.

[0062] It is an advantage of the present embodiment,
i.e. where the flexible printed circuit board comprises a
second flexible printed circuit board, and wherein the sec-
ond end of the polarization element on the first flexible
printed circuit board is arranged proximate to a second
end of the polarization element on the second flexible
printed circuit board to provide a capacitive coupling, that
it may be easier to mount two smaller flexible printed
circuit boards in the hearing aid housing than one larger
and/or longer flexible printed circuit board.

[0063] Insomeembodiments the flexible printed circuit
board comprising the polarization element is configured
to be retro-fitted to the hearing aid and/or housing. Thus
it is an advantage that the flexible printed circuit board
can be retro-fitted, thereby upgrading a standard hearing
aid to a high-end or higher-end hearing aid with improved
polarization of the antenna and thereby ear-to-ear capa-
bilities etc.
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[0064] In some embodiments the antenna has a lon-
gitudinal extension in a first direction. Typically the an-
tenna currents will be in a non-ear-to-ear direction, oth-
erwise the antenna cannot have the desired long length
along the printed circuit board.

[0065] In some embodiments the first direction of the
longitudinal extension of the antenna is parallel to a lon-
gitudinal extension of the printed circuit board.

[0066] In some embodiments the first direction of the
longitudinal extension of the antennais in a plane parallel
to a longitudinal extension of the hearing aid housing.
[0067] In some embodiments the polarization element
has a longitudinal extension in a second direction and/or
third direction.

[0068] In some embodiments the first direction of the
longitudinal extension of the antennais in a plane normal
to the second direction and/or third direction of the po-
larization. element. In a plane normal to may means sub-
stantially normal, such as normal within 20 degrees, 15
degrees, 10 degrees, 5 degrees etc. However, the first
direction and/or the second direction and/or the third di-
rection can be non-normal or non-orthogonal to each oth-
er, such as 30 degrees, 45 degrees, 60 degrees etc.
[0069] Insome embodiments a firstend of the antenna
is connected with the first end of the polarization element
thereby extending a functional length of the antenna.
[0070] The antenna may be connected such as inter-
connected or mounted or soldered to the polarization el-
ement. As both the polarization element and the antenna
may be made of an electrically conductive material, the
functional or actual length of the antenna is extended
when the antenna is connected with the polarization el-
ement. It is an advantage that the antenna is as big or
long as possible as the antenna will then cover a greater
area where it can pick up or detect signals, such as elec-
trical signals. It is an advantage that the position of the
high current on the antenna can be controlled as this can
also improve the polarization of the antenna. When the
antenna is placed on a printed circuit board, the high
current will typically be placed in an undesired position
as the longitudinal extension of the antenna is typically
in a direction parallel to the head of the user. If the an-
tenna is extended by connecting it with the polarization
element, the position of the high current on the antenna
can be changed and thereby improved to be on the part
of the extended antenna which is orthogonal to the head
of the user. Thus it is advantage that the antenna can be
extended and the polarization of the antenna can be con-
trolled and improved.

[0071] In some embodiments the walls of the housing
comprises an inner surface having an area, and wherein
the flexible printed circuit board covers more than 20%
of the area of the inner surface of the hearing aid, such
as more than 30%, 40%, 50%, 60%, 70%, 80%, or 90%.
The flexible printed circuit board may cover the whole
area of the inner surface of the hearing aid. The flexible
printed circuit board may covers less than 20%, such as
less than 5%, or 10% of the inner surface of the hearing
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aid. The inner surface may be the inner surface of the
hearing aid housing.

[0072] In some embodiments the antenna comprises
a first end and a second end, and wherein the first end
of the antenna may be connected to the polarization el-
ement.

[0073] In some embodiments the antenna has a lon-
gitudinal extension in a first direction, for example a non-
E2E direction from a first end of the hearing aid housing
to a second end of the hearing aid housing.

[0074] The antenna may have a longitudinal extension
in a first direction. Thus, the antenna may have an overall
longitudinal extension in a first direction. The direction
may indicate a line or path along which the antenna is
extending. For example, the overall length of the antenna
may be larger than the overall width of the antenna indi-
cating a longitudinal extension in the lengthwise direc-
tion.

[0075] Thus, for example, the antenna may comprise
a first antenna element extending along a plane normal
to the first end of the hearing aid. The first antenna ele-
ment may extend along a plane parallel to a first axis.
The first axis may extend from the first end of the hearing
aid to the second end of the hearing aid. The antenna
may comprise a second antenna element extending
along a plane parallel to the first end of the hearing aid.
The second antenna element may extend along a plane
normal to the first axis.

[0076] Itis an advantage that due to the polarization
element, the polarization of the antenna can be formed
to be higher in an orthogonal direction to a surface of the
user’s head than in a direction parallel to the surface of
the user’'s head, when the hearing aid is arranged in an
ear of the user during use of the hearing aid. This im-
proves the wireless ear-to-ear communication between
the ears of the user. If no polarization element is provided
in the hearing aid, the polarization of the antenna would
be mainly in a direction parallel to the surface of the user’s
head, when the hearing aid is arranged in the ear of the
user during use, and this would not improve the wireless
ear-to-ear communication between the ears of the user.
[0077] Insome embodiments the hearing aid compris-
es a printed circuit board, where the printed circuit board
comprises a ground plane.

[0078] The hearing aid may comprise hearing aid elec-
tronic components including the processing unit or signal
processor. The hearing aid electronic components may
be provided on a printed circuit board. The one or more
wireless communication units or radios may be arranged
on the printed circuit board.

[0079] The printed circuit board may be arranged be-
tween the first end and the second end of the hearing
aid. The printed circuit board may be arranged in the first
end of the hearing aid. The printed circuit board may be
arranged in the second end of the hearing aid.

[0080] Typically there is no ground plane in a hearing
aid, as a ground plane may be a conducting plane of
infinite area or an area which is at least five wavelengths
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wide and five wavelengths long. However, a layer of the
printed circuit board may work as or have the function of
a ground plane. Thus the ground plane for the antenna
may be whatever structure that the ground connection
from the balun is connected to.

[0081] In some embodiments the antenna is connect-
ed to the ground plane of the circuit board.

[0082] Insome embodiments the polarization element
is connected to the ground plane of the circuit board.
[0083] Thus the polarization element can be connect-
ed to ground instead of just being floating, i.e. with no
galvanic connection to anything else.

[0084] Alternatively, the antenna is not connected to
the polarization element. Alternatively and/or additionally
the second end of the antenna is connected to the po-
larization element. For example both the first end of the
antenna and the second end of the antenna is connected
to the polarization element.

[0085] Insome embodiments the antennais placed on
a layer of the printed circuit board (PCB). The antenna
may be implemented as an electrically conductive mate-
rial, such as a copper trace, interconnected with the radio
via matching components. The received/emitted electro
magnetic field has a first polarization. A flexible printed
circuit board also called a flex film can be placed within
the housing of the hearing aid. The flexible printed circuit
board may have a copper trace which functions as a po-
larization element. When placed in the housing the po-
larization of the antenna will change, because of the pres-
ence of the polarization element on the flexible printed
circuit board. An end of the polarization element on the
flexible printed circuit board can be soldered to the PCB
so that there will be a connection to a ground potential,
i.e.the ground potential layer of the PCB. With the flexible
printed circuit board the electric field of the antenna will
be polarized more parallel to a surface of the user’'s head
than orthogonal to the surface of the head. Itis advantage
of flexible printed circuit board with the polarization ele-
ment that it is possible to provide upgradeable hearing
aids by retro-fitting the flexible printed circuit board in the
hearing aid. The antenna onthe PCB is simple to produce
and cheap and can thus be provided in all produced de-
vices. For higher end products the flexible printed circuit
board with the polarization element can be added in the
hearing aid to give E2E capabilities, i.e. obtaining better
directionality etc.

[0086] Insome embodiments a first flexible printed cir-
cuit board and a second flexible printed circuit board can
be placed in the housing. Both flexible printed circuit
boards have a polarization element, for example in the
form of an electrically conductive material, such as a cop-
per trace. The first ends of the traces can be intercon-
nected with ground. The second ends of the traces can
be placed proximate each other so there can be a ca-
pacitive coupling between them.

[0087] In some embodiments a single flexible printed
circuit board with a polarization element, such as a cop-
per trace is provided. Both the first end and the second
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end of the trace can be soldered to the PCB and thereby
connected to a ground. The flexible printed circuit board
allow for a long polarization element in the form of the
trace that can give a high current of the antenna in an
E2E direction, i.e. a current going across the hearing aid
device from a first side to a second opposite side. The
PCB antenna is placed in the hearing aid in a way where
it has currents going in a non E2E direction, since other-
wise the antenna cannot have the desired length. With
the polarization element in the form of the trace provided
on the flexible printed circuit board, the polarization of
the antenna can be formed to be in the desired direction.
[0088] In some embodiments an extension of the
length of the antenna is provided, which make the anten-
na more effective. The antenna on the PCB can have a
length which is a quarter of a wavelength whereby the
antenna can function alone. The polarization element in
the form of a trace on the flexible printed circuit board
can be three quarters of a wavelength, and when the end
of the antenna is connected with the end of the polariza-
tion element, this provides a total functional length of the
antenna to be one wavelength, i.e. a sphere enclosing
the PCB antenna alone is smaller than the sphere en-
closing the antenna and flexible printed circuit board
trace. Thus the end, such as the first end, of the PCB
antenna may be soldered together with the end, such as
the first end, of the flex film antenna.

[0089] Anadvantage of the hearing aid(s) as disclosed
herein is that an improved wireless ear-to-ear communi-
cation may be achieved for most head sizes, shapes and
amount of hair. Human heads and human ears vary in
size and shape and also the amount of hair varies from
personto person. Hearing aids adapted for wireless com-
munications may be susceptible to impairments of for
example the ear-to-ear communication due to e.g. the
head of the user. Radio waves from a hearing aid at one
side may have to travel through or around the head in
order to reach the hearing aid at the other ear. Therefore,
the human head may be perceived as an obstacle to the
ear-to-ear communication. It is an advantage of the
present invention that the polarization of the antenna as
provided in the hearing aid improves the ear-to-ear com-
munication.

[0090] 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.

[0091] The present invention relates to different as-
pects including the hearing aid described above and in
the following, and corresponding methods, devices, sys-
tems, uses and/or product means, each yielding one or
more of the benefits and advantages described in con-
nection with the first mentioned aspect, and each having
one or more embodiments corresponding to the embod-
iments described in connection with the first mentioned
aspect and/or disclosed in the appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0092] The above and other features and advantages
will become readily apparent to those skilled in the art by
the following detailed description of exemplary embodi-
ments thereof with reference to the attached drawings,
in which:

Fig. 1 schematically illustrates an exemplary hearing
aid.

Fig. 2 schematically illustrates an exemplary hearing
aid with a single flexible printed circuit board.

Fig. 3 schematically illustrates an exemplary hearing
aid with two flexible printed circuit boards.

Fig. 4 schematically illustrates an exemplary hearing
aid with a single flexible printed circuit board extend-
ing from a first pad of the printed circuit board to a
second pad of the printed circuit board.

Fig. 5 schematically illustrates an exemplary hearing
aid with an extended antenna.

DETAILED DESCRIPTION

[0093] Various embodiments are described hereinaf-
ter with reference to the figures. Like reference numerals
referto like elements throughout. Like elements will, thus,
not be described in detail with respect to the description
of each figure. It should also be noted that the figures are
only intended to facilitate the description of the embodi-
ments. They are not intended as an exhaustive descrip-
tion of the claimed invention or as a limitation on the scope
of the claimed invention. In addition, an illustrated em-
bodiment needs not have all the aspects or advantages
shown. An aspect or an advantage described in conjunc-
tion with a particular embodiment is not necessarily lim-
ited to that embodiment and can be practiced in any other
embodiments even if not so illustrated, or if not so explic-
itly described.

[0094] Throughout, the same reference numerals are
used for identical or corresponding parts.

[0095] As used herein, the term "antenna" refers to an
electrical or magnetic device which converts electric or
magnetic power into radio waves. An electric antenna
may comprise an electrically conductive material con-
nected to e.g. a wireless communications unit, such as
aradio chip, a receiver or a transmitter. A magnetic an-
tenna, such as a magnetic loop antenna, may comprise
a coil of electrically conductive material wound around a
core of magnetic material.

[0096] Fig. 1 schematically illustrates an exemplary
hearing aid 2. The hearing aid 2 comprises a microphone
4 configured to receive sound, a processing unit 6 con-
figured to provide a processed audio signal for compen-
sating a hearing loss of a user, a printed circuit board
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(not shown) comprising a first layer (not shown), an an-
tenna 12 provided as an electrically conductive material
on the first layer, a wireless communication unit 14 for
wireless communication, and a polarization element (not
shown) configured for forming the polarization of the an-
tenna 12. The hearing aid further comprises a output
transducer or receiver 20, which may be arranged in the
hearing aid housing or outside the hearing aid housing,
such as in the ear of the user, while the hearing aid hous-
ing is configured to be arranged behind the ear of the
user.

[0097] Fig. 2 schematically illustrates an exemplary
hearing aid 2. The hearing aid comprises a microphone
(not shown) configured to receive sound, a processing
unit (not shown) configured to provide a processed audio
signal for compensating a hearing loss of a user. The
hearing aid 2 comprises a printed circuit board 8 com-
prising a first layer 10. An antenna 12 is provided as an
electrically conductive material on the first layer 10. A
wireless communication unit 14 or radio for wireless com-
munication is provided, e.g. on the printed circuit board
8. The hearing aid 2 comprises a polarization element
16 configured for forming the polarization of the antenna
12. The polarization element 16 is provided on a flexible
printed circuit board 18, and the flexible printed circuit
board 18 comprises at least a first flexible printed circuit
board 18a.

[0098] The hearing aid 2 comprises a housing 24 with
anumber of walls 22, and the flexible printed circuit board
18 is mounted on a part of two 22a, 22b of the one or
more walls 22.

[0099] The printed circuit board 8 comprises a first pad
26. The polarization element 16 comprises a first end 28.
The first end 28 of the polarization element 16 is inter-
connected with the first pad 26 of the PCB 8.

[0100] Thus the antenna 12 is placed on a layer 10 of
the PCB 8. The antenna 12 may be a copper trace inter-
connected with the radio 14 via matching components.
The received/emitted electro magnetic field of the anten-
na has a first polarization. The flexible printed circuit
board 18 is placed within the housing 24 of the hearing
aid 2. The flexible printed circuit board 18 may have a
copper trace providing a polarization element 16. When
the flexible printed circuit board 18 is placed in the hous-
ing 24 the polarization of the antenna 12 will change,
because of the presence of the polarization element 16
on the flexible printed circuit board 18. A first end 28 of
the trace providing the polarization element 16 on the
flexible printed circuit board 18 can be soldered to a first
pad 26 of the PCB 8 so that there will be a connection to
a ground potential, i.e. the ground potential layer of the
PCB 8. With the flexible printed circuit board 18 compris-
ing the polarization element 16 the electric field of the
antenna 12 will be polarized more parallel to a surface
of the head than orthogonal to the surface of the head.

[0101] The antenna 12 has a longitudinal extension in
a first direction along a first axis 40. The first direction of
the longitudinal extension of the antenna 12 is parallel to
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alongitudinal extension of the printed circuit board 8. The
first direction of the longitudinal extension of the antenna
12 isin a plane parallel to a longitudinal extension of the
hearing aid housing 24. The polarization element 16 has
alongitudinal extension in a second direction and/or third
direction, which may be normal to the first direction along
the axis 40.

[0102] The polarization element 16 can give a high cur-
rentofthe antenna 12 in an E2E direction 50, i.e. a current
going across the hearing aid device or housing 24 from
a first side 52 to a second opposite side 54. The PCB
antenna 12 is placed so that it has current going in a non-
E2E direction 40 from afirst end 42 to an opposite second
end 44, since otherwise the antenna 12 cannot have the
desired length. Thus the E2E current is orthogonal rela-
tive to the direction of the antenna on the printed circuit
board.

[0103] The hearing aid 2 may comprise a battery 56.
The battery may be arranged in a second end 44 of the
hearing aid housing 24.

[0104] The hearing aid may comprise a coupling ele-
ment 58. Ifthe hearing aid is a BTE hearing aid, the output
transducer is arranged in the behind-the-ear part of the
hearing aid, e.g. the housing 24, and the coupling ele-
ment 58 is an acoustic coupling element directing the
sound into the ear of the user. If the hearing aid is a
receiver-in-the-canal (RIE), the output transducer is ar-
ranged in the ear of the user, and the coupling element
58 comprises wires (not shown) to the output transducer.
The coupling element 58 may be arranged in a first end
42 of the hearing aid housing 24.

[0105] Fig. 3 schematically illustrates an exemplary
hearing aid 2. The hearing aid 2 comprises a printed cir-
cuit board 8 comprising a first layer 10. An antenna 12
is provided as an electrically conductive material on the
first layer 10. A wireless communication unit 14 or radio
for wireless communication is provided, e.g. on the print-
ed circuit board 8. The hearing aid 2 comprises a first
flexible printed circuit board 18a and a second flexible
printed circuit board 18b which are placed in a housing
24 of the hearing aid 2. Both flexible printed circuitboards
18a, 18b have a polarization element 16a, 16bin the form
of an electrically conductive trace. The first ends 28, 30
of the polarization elements 16a, 16b may be can be
soldered to a first pad 26 and to a second pad 32, re-
spectively, of the PCB 8 so that there will be a connection
to a ground potential, i.e. the ground potential layer of
the PCB 8. The other ends 34, 36 of the polarizations
elements 16a, 16b can be placed proximate each other
so there can be a capacitive coupling between them. The
capacitive coupling between the polarization elements
16a, 16b on the flexible printed circuit boards 18a, 18b
allows for a functional long trace that can give a high
current of the antenna 12 in an E2E direction 50, i.e. a
current going across the hearing aid device or housing
24 from a first side 52 to a second opposite side 54. The
PCB antenna 12 is placed so that it has current going in
a non-E2E direction 40 from a first end 42 to an opposite
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second end 44, since otherwise the antenna 12 cannot
have the desired length. Thus the E2E current is orthog-
onalrelative to the direction of the antenna on the printed
circuit board.

[0106] Fig. 4 schematically illustrates an exemplary
hearing aid 2. The hearing aid 2 comprises a printed cir-
cuit board 8 comprising a first layer 10. An antenna 12
is provided as an electrically conductive material on the
first layer 10. A wireless communication unit 14 or radio
for wireless communication is provided, e.g. on the print-
ed circuit board 8. The hearing aid 2 comprises a flexible
printed circuit board 18 comprising a polarization element
16 having a first end 28 soldered to a first pad 26 of the
printed circuit board 8. The polarization element 16 com-
prises a second end 34 soldered to a second pad 32 of
the printed circuit board 8. Thus both ends 28, 34 of the
trace forming the polarization element 18 can be soldered
to the PCB and thereby connected to a ground. The flex-
ible printed circuit board 18 allows for a long trace that
can give a high current of the antenna 12 in an E2E di-
rection 50, i.e. a current going across the hearing aid
device or housing 24 from a first side 52 to a second
opposite side 54. The PCB antenna 12 is placed so that
it has current going in a non-E2E direction 40 from a first
end 42 to an opposite second end 44, since otherwise
the antenna 12 cannot have the desired length. Thus the
E2E current is orthogonal relative to the direction of the
antenna on the printed circuit board.

[0107] Fig. 5 schematically illustrates an exemplary
hearing aid 2. The hearing aid 2 comprises a printed cir-
cuit board 8 comprising a first layer 10. An antenna 12
is provided as an electrically conductive material on the
first layer 10. A wireless communication unit 14 or radio
for wireless communication is provided, e.g. on the print-
ed circuit board 8. The hearing aid 2 comprises a flexible
printed circuit board 18 comprising a polarization element
16 having a first end 28 connected, such as soldered, to
a second end 12b of the antenna 12. The first end 12a
of the antenna is connected to the radio 14. The polari-
zation element 16 comprises a second end 34. Thus as
the antenna 12 and the polarization element 16 are con-
nected, this provides an extension of the length of the
antenna 12, thereby making the antenna 12 more effec-
tive. The antenna 12 on the PCB 8 can have a length of
one quarter of a wavelength thereby functioning alone.
The polarization element 16 on the flexible printed circuit
board 18 film can be three quarters of a wavelength giving
atotal functional length of the antenna 12 to be one wave-
length, i.e. a sphere enclosing the PCB antenna 12 alone
is smaller than the sphere enclosing the antenna 12 and
polarization element 16.

[0108] Although particular features have been shown
and described, it will be understood that they are not in-
tended to limit the claimed invention, and it will be made
obvious to those skilled in the art that various changes
and modifications may be made without departing from
the scope of the claimed invention. The specification and
drawings are, accordingly to be regarded in an illustrative
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rather than restrictive sense. The claimed invention is
intended to cover all alternatives, modifications and
equivalents.

LIST OF REFERENCES

[0109]

2 hearing aid

4 microphone

6 processing unit

8 printed circuit board (PCB)
10 first layer

12 antenna

12a first end of antenna

12b second end of antenna

14 wireless communication unit or radio
16 polarization element

16a first polarization element
16b second polarization element

18 flexible printed circuit board or flex film

18a first flexible printed circuit board

18b second flexible printed circuit board

20 output transducer or receiver

22,22a,22b  walls

24 housing

26 first pad of PCB

28 first end of (first) polarization element

30 first end of second polarization element

32 second pad of PCB

34 second end of (first) polarization ele-
ment

36 second end of second polarization ele-
ment

40 first axis/non-E2E direction

42 first end of housing/hearing aid

44 second end of housing/hearing aid

50 E2E direction

52 first side of housing/hearing aid

54 second side of housing/hearing aid

56 battery

58 coupling element

Claims

1. A hearing aid comprising:

- a microphone configured to receive sound,

- a processing unit configured to provide a proc-
essed audio signal for compensating a hearing
loss of a user,

- a printed circuit board comprising a first layer,
- an antenna provided as an electrically conduc-
tive material on the first layer,

- a wireless communication unit for wireless
communication,

- a polarization element configured for forming
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the polarization of the antenna, where the po-
larization element is provided on a flexible print-
ed circuit board, the flexible printed circuit board
comprises at least a first flexible printed circuit
board.

Hearing aid according to any of the preceding claims,
wherein the polarization element provides that the
polarization of the antenna is higher in an orthogonal
direction to a surface of a user’s head than in a di-
rection parallel to the surface of the user’'s head,
when the hearing aid is arranged in an ear of the
user during use of the hearing aid.

Hearing aid according to any of the preceding claims,
wherein the polarization element comprises an elec-
trically conductive material.

Hearing aid according to any of the preceding claims,
wherein the electrically conductive material(s) is/are
a conductive trace.

Hearing aid according to any of the preceding claims,
wherein the hearing aid comprises a housing with
one or more walls, and wherein the flexible printed
circuit board is attached/mounted on at least a part
of at least one of the one or more walls.

Hearing aid according to any of the preceding claims,
wherein the printed circuit board comprises a first
pad, and wherein the polarization element compris-
es a first end, and wherein the first end is intercon-
nected with the first pad.

Hearing aid according to any of the preceding claims,
wherein the printed circuitboard comprises a second
pad, and/or wherein the polarization element com-
prises a second end.

Hearing aid according to any of the preceding claims,
wherein the second end is interconnected with the
second pad.

Hearing aid according to any of claims 1-7, wherein
the flexible printed circuit board comprises a second
flexible printed circuit board, and wherein the second
end of the polarization element on the first flexible
printed circuit board is arranged proximate to a sec-
ond end of the polarization element on the second
flexible printed circuit board to provide a capacitive
coupling.

Hearing aid according to any of the preceding claims,
wherein the flexible printed circuit board comprising
the polarization element is configured to be retro-
fitted to the hearing aid/housing.

Hearing aid according to any of the preceding claims,
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wherein the antenna has a longitudinal extension in
a first direction.

. Hearing aid according to any of the preceding claims,

wherein the first direction of the longitudinal exten-
sion of the antenna is parallel to a longitudinal ex-
tension of the printed circuit board.

Hearing aid according to any of the preceding claims,
wherein the first direction of the longitudinal exten-
sion of the antenna is in a plane parallel to a longi-
tudinal extension of the hearing aid housing.

Hearing aid according to any of the preceding claims,
wherein the polarization element has a longitudinal
extension in asecond direction and/or third direction.

Hearing aid according to any of the preceding claims,
wherein a first end of the antenna is connected with
the first end of the polarization element thereby ex-
tending a functional length of the antenna.
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