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(67) A hearing aid is disclosed. The hearing aid in-
cludes a receiver configured to receive a sound in the
environment, the receiver having a first end, a second
end opposite the first end, and an outer surface connect-
ing the first end with the second end. The hearing aid
includes a suspension layer at least partially covering the
outer surface of the receiver. The hearing aid includes

A HEARING AID WITH IMPROVED SUSPENSION

an impact absorbing layer at least partially covering the
outer surface of the receiver, wherein the impact absorb-
ing layer is a different material than the suspension layer.
The hearing aid includes a housing surrounding the re-
ceiver, the suspension layer, and the impact absorbing
layer.
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Description

[0001] In an aspect of the present application, a hear-
ing aid is provided. The hearing aid can include a receiver
configured to receive a sound in the environment. The
receiver can have a first end. The receiver can have a
second end. The second end can be opposite the first
end. The receiver caninclude an outer surface. The outer
surface can connect the first end with the second end.
The hearing aid includes a suspension layer. The sus-
pension layer can atleast partially cover the outer surface
of the receiver. The hearing aid includes an impact ab-
sorbing layer. The impact absorbing layer can at least
partially cover the outer surface of the receiver. The im-
pact absorbing layer can be a different material than the
suspension layer. The hearing aid can include a housing.
The housing can surround the receiver, the suspension
layer, and the impact absorbing layer.

[0002] Advantageously, the disclosed hearing aid can
include both improved vibration dampening as well as
shock absorption. For example, the disclosed hearing
aid can prevent movement (e.g., vibrations) of a receiver
in the hearing aid from affecting other components of the
hearing aid, which could cause auditory problems and/or
be irritations to a user of the hearing aid. Further, the
disclosed hearing aid can have improved shock absorp-
tion, preventing and/or reducing damage to the hearing
aid in case of drops. Accordingly, the disclosed hearing
aids can have improved longevity fora user. Forexample,
the disclosed hearing aids can have improved surviva-
bility. Further, the disclosed hearing aids can reduce ir-
ritating internal noises for a user wearing the hearing aid.
[0003] The hearing aid can include a receiver config-
ured to receive sound in (e.g., from) the environment.
For example, the receiver may be one or more micro-
phones. The receiver may be an input unit. The particular
type of receiver is not limiting. The receiver can include
a first end and a second end. The second end can be
opposite the first end. The second end can be longitudi-
nally opposite the first end. The first end and the second
end can be the ends of the receiver being the furthest
apart. The first end can define a first surface of the re-
ceiver. The second end can define a second surface of
the receiver. The first surface and the second surface
can be opposite one another. One or more of the first
end and the second end can include outlets for the re-
ceiver, such as tubes.

[0004] The receiver can extend from the first end to
the second end along a longitudinal direction. A distance
from the first end to the second end can be considered
a length. Orthogonal to the longitudinal direction can be
considered the radial direction. A distance along the ra-
dial direction can be considered a thickness and/or a
width. Traversing a plane extending orthogonal to the
longitudinal direction can be considered a circumferential
direction. The same directionality can be applied to all
components discussed herein with respect to the hearing
aid.
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[0005] The receiver can include an outer surface. The
outer surface can connect the first end with the second
end. The outer surface can be a three-dimensional sur-
face. In some examples, the outer surface is the entire
outward-facing surface (e.g., radially facing) of the re-
ceiver other than the first end and the second end. In
some examples, the outer surface is the entire outward-
facing surface of the receiver other than the first surface
and the second surface. In some examples, the outer
surface is the entire outward-facing surface of the receiv-
er including one or more of the first end and the second
end. In some examples, the outer surface is the entire
outward-facing surface of the receiver including one or
more of the first surface and the second surface. The
outer surface can be a portion of the outwards-facing
surface of the receiver. For example, if the receiver is a
rectangular prism, the first end can be a first surface, the
second end can a second surface opposite the first sur-
face, and the outer surface can be the remaining four
surfaces of the rectangular prism. The outer surface can
be the surface(s) of the receiver closest to the housing.
[0006] In one or more example hearing aids, the re-
ceiver comprises a single receiver. In one or more ex-
ample hearing aids, the receiver comprises a dual re-
ceiver. For a dual receiver, the outer surface can be con-
sidered the outer surface of the dual receiver. The same
features discussed with respect to the receiver can also
be applied to the dual receiver. For example, the dual
receiver can have the first end, the second end, the outer
surface, etc.

[0007] The hearing aid can further include a suspen-
sion layer. The suspension layer may be known as a first
layer. The suspension layer can be configured to reduce
and/or eliminate vibrations from the receiver to the rest
of the hearing aid. The suspension layer can have an
impact on acoustic performance and reliability on the
hearing aid. From an acoustic point of view, the suspen-
sion layer can reduce and/or eliminate feedback (such
as hearing aid whistle) while maintaining good acoustic
coupling between transducer and instrument. For exam-
ple, the properties of the suspension layer can reduce
vibrations from the receiver. Further, the suspension lay-
er can be used to optimize drop test performance by ab-
sorbing impact force to protect the internal components
of the receiver. Another advantageous function of the
receiver suspension is to isolate and dampen the vibra-
tions of the receiver. Vibration can come from both its
own movement when generating sound, and from exter-
nal influences, for example, when the user is walking up
stairs.

[0008] The suspension layercanatleastpartially cover
the outer surface of the receiver. The suspension layer
can atleast partially cover the first end and/or the second
end. The suspension layer can be in direct contact with
the outer surface. The suspension layer can be separat-
ed from the outer surface by a separate layer. The sus-
pension layer can cover a single surface of the receiver.
The suspension layer can cover multiple surfaces of the
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receiver. As used herein, "cover" can include being radi-
ally around the receiver, whether in contact with the re-
ceiver or not. As used herein, "cover" can include being
between the receiver and the housing. In one or more
example hearing aids, the suspension layer can extend
past the first end and/or the second end. For example,
the suspension layer can extend past the first end and/or
the second end and be attached to the housing. The sus-
pension layer can have a thickness from 0.2mm to
0.4mm. The particular thickness is not limiting.

[0009] In one or more example hearing aids, the sus-
pension layer can be attached to the receiver. The sus-
pension layer can be mechanically and/or chemically at-
tached to the receiver.

[0010] In one or more examples, the suspension layer
can include one or more vibration spikes (e.g., points,
posts) extending from the suspension layer towards the
housing. The vibration spikes can be configured to pro-
vide a minimum contact area between the suspension
layer and the receiver so that they do not transmit vibra-
tions from the receiver to the rest of the hearing aid.
[0011] The hearing aid can further include an impact
absorbing layer. The impact absorbing layer can be con-
figured to prevent one or more of damage, movement,
or vibration to the receiver, such as internal components
of the receiver. For example, the impact absorbing layer
can prevent damage to the receiver upon dropping of the
hearing aid. The impact absorbing layer can work in con-
junction with the suspension layer to prevent damage to
the receiver of the hearing aid.

[0012] Inoneormore example hearing aids, theimpact
absorbing layer can include one or more vibration spikes.
The one or more vibration spikes can be configured to
provide a minimum contact area between the housing
and the impact absorbing layer.

[0013] Theimpactabsorbing layer can atleastpartially
cover the outer surface of the receiver. The impact ab-
sorbing layer can at least partially cover the first end
and/or the second end. The impact absorbing layer can
be in direct contact with the outer surface. The impact
absorbing layer can be separated from the outer surface
by a separate layer. The impact absorbing layer can cov-
er a single surface of the receiver. The impact absorbing
layer can cover multiple surfaces of the receiver. As used
herein, "cover" can include being radially around the re-
ceiver, whether in contact with the receiver or not. As
used herein, "cover" can include being between the re-
ceiver and the housing. In one or more example hearing
aids, the impact absorbing layer can extend past the first
end and/or the second end.

[0014] Inoneormore example hearing aids, the impact
absorbing layer covers an outer circumference of the out-
er surface. In one or more example hearing aids, the
impact absorbing layer covers an outer circumference of
the receiver. For example, the impact absorbing layer at
least partially covers each of the surfaces of the outer
surface. In some examples, the impact absorbing layer
atleast partially covers each surface of the receiver other
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than the first end and/or the second end. In other words,
the impact absorbing layer forms aring (e.g., loop, band)
around the receiver. The impact absorbing layer can en-
circle the outer surface.

[0015] Inoneormore example hearing aids, the impact
absorbing layer can be attached to the receiver. The im-
pact absorbing layer can be mechanically and/or chem-
ically attached to the receiver.

[0016] In one or more example hearing aids, the sus-
pension layer covers an outer circumference of the outer
surface. In one or more example hearing aids, the sus-
pension layer covers an outer circumference of the re-
ceiver. For example, the suspension layer at least par-
tially covers each of the surfaces of the outer surface. In
some examples, the suspension layer at least partially
covers each surface of the receiver other than the first
end and/or the second end. In other words, the suspen-
sion layer forms a ring (e.g., loop, band) around the re-
ceiver. The suspension layer can encircle the outer sur-
face.

[0017] Theimpactabsorbinglayer and the suspension
layer can be different material. For example, the impact
absorbing layer and the suspension layer can be two
different plastics. The impact absorbing layer and the
suspension layer can be different types of material. For
example, the impact absorbing layer can be a foam and
the suspension layer can be a rubber. The impact ab-
sorbing layer and the suspension layer can be different
variations of a material. For example, the impact absorb-
ing layer can be an open-cell foam of a first foam material
and the suspension layer can be a closed-cell foam of
the first foam material.

[0018] In one or more example hearing aids, the sus-
pension layer is a rubber layer. For example, the sus-
pension layer can be a fluorocarbon rubber layer. The
suspension layer can be other materials as well.

[0019] Inoneormoreexample hearing aids, the impact
absorbing layer is a foam layer. The foam layer can be,
for example, a urethane foam layer. In one or more ex-
amples, the foam layer comprises an open cell foam lay-
er. The impact absorbing layer can have a thickness of
one or more of 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9,
and 1.0mm. The impact absorbing layer can vary in thick-
ness. The impact absorbing layer may have the same
thickness throughout.

[0020] Inoneormoreexample hearing aids, the impact
absorbing layer can be thicker than the suspension layer.
In one or more example hearing aids, the impact absorb-
ing layer can be twice as thick as the suspension layer.
In one or more example hearing aids, the impact absorb-
ing layer can be three times as thick as the suspension
layer. In one or more example hearing aids, the impact
absorbing layer can be four, five, six, seven, eight, nine,
and/or ten times as thick as the suspension layer.
[0021] Inoneormoreexample hearing aids, the impact
absorbing layer comprises a foam pad. The foam pad
can be a urethane foam pad. The foam pad can have a
thickness of one or more of 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,
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0.7,0.8,0.9,and 1.0mm. In one or more example hearing
aids, the foam layer comprises a single foam pad. The
single foam pad can at least partially cover a single sur-
face of the outer surface. The single foam pad can at
least partially cover a plurality of surfaces of the outer
surface. The single foam pad can cover the outer circum-
ference of the outer surface.

[0022] In one or more example hearing aids, the foam
layer comprises a plurality of foam pads. In one or more
example hearing aids, each of the plurality of foam pads
cover a side of the receiver. In one or more example
hearing aids, at least one of the plurality of foam pads
covers a plurality of sides of the receiver. In one or more
example, the foam layer comprises as many foam pads
as outwardly facing surfaces. In one or more example,
the foam layer comprises as many foam pads as out-
wardly facing surfaces except those forming the first end
and/or the second end of the receiver. The plurality of
foam pads can be connected. The plurality of foam pads
may not be connected. Adjacent foam pads of the plu-
rality of foam pads can touch, such as abut. Adjacent
foam pads of the plurality of foam pads may not touch,
such as abut, such as by forming a gap between adjacent
foam pads of the plurality of foam pads.

[0023] In one or more example hearing aids, the foam
layer comprises an open cell foam. In one or more ex-
ample hearing aids, the foam layer comprises urethane.
In one or more examples, the foam layer comprises an
open cell urethane foam.

[0024] The hearing aid can further include a housing.
The housing can be, for example, a plastic shell forming
(such as defining) an outer surface of the hearing aid.
The housing can be a metal, in certain example hearing
aids. The housing can be titanium in certain example
hearing aids. The housing can contain one or more ele-
ments of the hearing aid. For example, the housing can
contain the receiver, the impact absorbing layer, and the
suspension layer. For example, the housing can at least
partially contain the receiver, the impact absorbing layer,
and the suspension layer.

[0025] In one or more example hearing aids, the sus-
pension layer at least partially covers a first portion of the
outer surface. In one or more example hearing aids, the
impact absorbing layer at least partially covers a second
portion of the outer surface. In one or more example hear-
ing aids, the first portion and the second portion are dif-
ferent. In other words, the suspension layer and the im-
pact layer do not overlap. For example, starting from the
outer surface of the receiver and extending radially, there
will only be: the suspension layer, the impact absorbing
layer, or neither the suspension layer nor the impact ab-
sorbing layer. In one or more examples hearing aids, the
suspension layer and the impact absorbing layer overlap
one another. In one or more examples hearing aids, the
suspension layer and the impact absorbing layer partially
and/or fully overlap one another. For example, the sus-
pension layer can be between the impact absorbing layer
and the housing. For example, the impactabsorbing layer
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can be between the suspension layer and the housing.
[0026] In one or more example hearing aids, the sus-
pension layer abuts the impact absorbing layer. In other
words, the suspension layer can contact and/or touch
the impact absorbing layer. For example, a longitudinal
end of the suspension layer can abut a longitudinal end
of the impact absorbing layer. In one or more example
hearing aids, the suspension layer is separated from the
impact absorbing layer by a gap. In other words, the sus-
pension layer does not abut the impact absorbing layer.
In one or more examples, the suspension layer is at-
tached to the impact absorbing layer. For example, the
suspension layer and the impact absorbing layer can be
mechanically and/or chemically attached.

[0027] Inoneormoreexample hearing aids, the impact
absorbing layer abuts the housing. In one or more exam-
ple hearing aids, the suspension layer abuts the housing.
In one or more example hearing aids, the impact absorb-
ing layer is separated from the housing by a gap. In one
or more example hearing aids, the suspension layer is
separated from the housing by a gap.

[0028] Inoneormoreexample hearing aids, the impact
absorbing layer covers a larger portion of the outer sur-
face than the suspension layer. For example, the impact
absorbing layer covers two thirds of the outer surface.
For example, the suspension layer covers one third of
the outer surface.

[0029] Inoneormoreexample hearing aids, the impact
absorbing layer and the suspension layer are in contact
with the outer surface of the receiver. In one or more
example hearing aids, the impact absorbing layer is in
contact with the outer surface of the receiver. In one or
more example hearing aids, the impact absorbing layer
is spaced apart from the outer surface of the receiver,
for example by an additional layer. In one or more exam-
ple hearing aids, the suspension layer is in contact with
the outer surface of the receiver. In one or more example
hearing aids, the suspension layer is spaced apart from
the outer surface of the receiver, for example by an ad-
ditional layer.

[0030] The hearing aid may be adapted to provide a
frequency dependent gain and/or a level dependent com-
pression and/or a transposition (with or without frequency
compression) of one or more frequency ranges to one or
more other frequency ranges, e.g. to compensate for a
hearing impairment of a user. The hearing aid may com-
prise a signal processor for enhancing the input signals
and providing a processed output signal.

[0031] The hearing aid may comprise an output unit
for providing a stimulus perceived by the user as an
acoustic signal based on a processed electric signal. The
output unit may comprise a number of electrodes of a
cochlear implant (for a Cl type hearing aid) or a vibrator
of a bone conducting hearing aid. The output unit may
comprise an output transducer. The output transducer
may comprise a receiver (loudspeaker) for providing the
stimulus as an acoustic signal to the user (e.g. in an
acoustic (air conduction based) hearing aid). The output
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transducer may comprise a vibrator for providing the
stimulus as mechanical vibration of a skull bone to the
user (e.g. in a bone-attached or bone-anchored hearing
aid). The output unit may (additionally or alternatively)
comprise a transmitter for transmitting sound picked up-
by the hearing aid to another device, e.g. a far-end com-
munication partner (e.g. via a network, e.g. in atelephone
mode of operation, or in a headset configuration).
[0032] The hearing aid may comprise an input unit for
providing an electric input signal representing sound. The
input unit may comprise an input transducer, e.g. a mi-
crophone, for converting an input sound to an electric
input signal. The input unit may comprise a wireless re-
ceiver for receiving a wireless signal comprising or rep-
resenting sound and for providing an electric input signal
representing said sound. The input unit may include the
receiver disclosed herein.

[0033] The hearing aid may comprise a directional mi-
crophone system adapted to spatially filter sounds from
the environment, and thereby enhance a target acoustic
source among a multitude of acoustic sources in the local
environment of the user wearing the hearing aid. The
directional microphone system may include the receiver
disclosed herein. The directional system may be adapted
to detect (such as adaptively detect) from which direction
a particular part of the microphone signal originates. This
can be achieved in various different ways as e.g. de-
scribed in the prior art. In hearing aids, a microphone
array beamformer is often used for spatially attenuating
background noise sources. The beamformer may com-
prise a linear constraint minimum variance (LCMV)
beamformer. Many beamformer variants can be found in
literature. The minimum variance distortionless response
(MVDR) beamformer is widely used in microphone array
signal processing. Ideally the MVDR beamformer keeps
the signals from the target direction (also referred to as
the look direction) unchanged, while attenuating sound
signals from other directions maximally. The generalized
sidelobe canceller (GSC) structure is an equivalent rep-
resentation of the MVDR beamformer offering computa-
tional and numerical advantages over a direct implemen-
tation in its original form.

[0034] The hearing aid may comprise antenna and
transceiver circuitry allowing a wireless link to an enter-
tainment device (e.g. a TV-set), a communication device
(e.g. a telephone), a wireless microphone, or another
hearing aid, etc. The hearing aid may thus be configured
to wirelessly receive a direct electric input signal from
another device. Likewise, the hearing aid may be config-
ured to wirelessly transmit a direct electric output signal
to another device. The directelectricinput or output signal
may represent or comprise an audio signal and/or a con-
trol signal and/or an information signal.

[0035] In general, a wireless link established by anten-
na and transceiver circuitry of the hearing aid can be of
any type. The wireless link may be a link based on near-
field communication, e.g. an inductive link based on an
inductive coupling between antenna coils of transmitter
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and receiver parts. The wireless link may be based on
far-field, electromagnetic radiation. Preferably, frequen-
cies used to establish a communication link between the
hearing aid and the other device is below 70 GHz, e.g.
located in a range from 50 MHz to 70 GHz, e.g. above
300 MHz, e.g. in an ISM range above 300 MHz, e.g. in
the 900 MHz range or in the 2.4 GHz range or in the 5.8
GHz range or in the 60 GHz range (ISM=Industrial, Sci-
entific and Medical, such standardized ranges being e.g.
defined by the International Telecommunication Union,
ITU). The wireless link may be based on a standardized
or proprietary technology. The wireless link may be
based on Bluetooth technology (e.g. Bluetooth Low-En-
ergy technology), or Ultra WideBand (UWB) technology.
[0036] Thehearing aid may be orform partofa portable
(i.e.configured to be wearable) device, e.g. a device com-
prising a local energy source, e.g. a battery, e.g. a re-
chargeable battery. The hearing aid may e.g. be a low
weight, easily wearable, device, e.g. having a total weight
less than 100 g, such as less than 20 g.

[0037] The hearing aid may comprise a ‘forward’ (or
‘signal’) path for processing an audio signal between an
input and an output of the hearing aid. A signal processor
may be located in the forward path. The signal processor
may be adapted to provide a frequency dependent gain
according to a user’s particular needs (e.g. hearing im-
pairment). The hearing aid may comprise an ‘analysis’
path comprising functional components for analyzing sig-
nals and/or controlling processing of the forward path.
Some or all signal processing of the analysis path and/or
the forward path may be conducted in the frequency do-
main, in which case the hearing aid comprises appropri-
ate analysis and synthesis filter banks. Some or all signal
processing of the analysis path and/or the forward path
may be conducted in the time domain.

[0038] The hearing aid may be configured to operate
in different modes, e.g. a normal mode and one or more
specific modes, e.g. selectable by a user, or automati-
cally selectable. A mode of operation may be optimized
to a specific acoustic situation or environment, e.g. a
communication mode, such as a telephone mode. A
mode of operation may include alow-power mode, where
functionality of the hearing aid is reduced (e.g. to save
power), e.g. to disable wireless communication, and/or
to disable specific features of the hearing aid.

[0039] The hearing aid may comprise a number of de-
tectors configured to provide status signals relating to a
current physical environment of the hearing aid (e.g. the
current acoustic environment), and/or to a current state
of the user wearing the hearing aid, and/or to a current
state or mode of operation of the hearing aid. Alternatively
or additionally, one or more detectors may form part of
an external device in communication (e.g. wirelessly)
with the hearing aid. An external device may e.g. com-
prise another hearing aid, a remote control, and audio
delivery device, a telephone (e.g. a smartphone), an ex-
ternal sensor, etc.

[0040] The hearing aid may further comprise other rel-
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evant functionality for the application in question, e.g.
compression, noise reduction, etc.

[0041] The hearing aid may comprise a hearing instru-
ment, e.g. a hearing instrument adapted for being located
at the ear or fully or partially in the ear canal of a user,
e.g. a headset, an earphone, an ear protection device or
a combination thereof. A hearing system may comprise
a speakerphone (comprising a number of input transduc-
ers and a number of output transducers, e.g. for use in
an audio conference situation), e.g. comprising a beam-
former filtering unit, e.g. providing multiple beamforming
capabilities.

A hearing system:

[0042] Inafurtheraspect, ahearing system comprising
a hearing aid as described above, in the ‘detailed de-
scription of embodiments’, and in the claims, AND an
auxiliary device is moreover provided.

[0043] The hearing system may be adapted to estab-
lish a communication link between the hearing aid and
the auxiliary device to provide that information (e.g. con-
trol and status signals, possibly audio signals) can be
exchanged or forwarded from one to the other.

[0044] The auxiliary device may comprise a remote
control, asmartphone, or other portable or wearable elec-
tronic device, such as a smartwatch or the like.

[0045] The auxiliary device may be constituted by or
comprise aremote control for controlling functionality and
operation of the hearing aid(s). The function of a remote
control may be implemented in a smartphone, the smart-
phone possibly running an APP allowing to control the
functionality of the audio processing device via the smart-
phone (the hearing aid(s) comprising an appropriate
wireless interface to the smartphone, e.g. based on Blue-
tooth or some other standardized or proprietary scheme).
[0046] The auxiliary device may be constituted by or
comprise an audio gateway device adapted for receiving
a multitude of audio signals (e.g. from an entertainment
device, e.g. a TV or a music player, a telephone appa-
ratus, e.g. a mobile telephone or a computer, e.g. a PC)
and adapted for selecting and/or combining an appropri-
ate one of the received audio signals (or combination of
signals) for transmission to the hearing aid.

[0047] The auxiliary device may be constituted by or
comprise another hearing aid. The hearing system may
comprise two hearing aids adapted to implement a bin-
aural hearing system, e.g. a binaural hearing aid system.

Definitions:

[0048] Inthe presentcontext, ahearingaid, e.g. ahear-
ing instrument, refers to a device, which is adapted to
improve, augment and/or protect the hearing capability
of a user by receiving acoustic signals from the user’'s
surroundings, generating corresponding audio signals,
possibly modifying the audio signals and providing the
possibly modified audio signals as audible signals to at
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least one of the user’s ears. Such audible signals may
e.g. be provided in the form of acoustic signals radiated
into the user’s outer ears, acoustic signals transferred as
mechanical vibrations to the user’s inner ears through
the bone structure of the user’s head and/or through parts
of the middle ear as well as electric signals transferred
directly or indirectly to the cochlear nerve of the user.
[0049] The hearing aid may be configured to be worn
in any known way, e.g. as a unit arranged behind the ear
with a tube leading radiated acoustic signals into the ear
canal or with an output transducer, e.g. a loudspeaker,
arranged close to or in the ear canal, as a unit entirely or
partly arranged in the pinna and/or in the ear canal, as a
unit, e.g. a vibrator, attached to a fixture implanted into
the skull bone, as an attachable, or entirely or partly im-
planted, unit, etc. The hearing aid may comprise a single
unit or several units communicating (e.g. acoustically,
electrically or optically) with each other. The loudspeaker
may be arranged in a housing together with other com-
ponents of the hearing aid, or may be an external unit in
itself (possibly in combination with a flexible guiding el-
ement, e.g. a dome-like element).

[0050] A hearing aid may be adapted to a particular
user’'s needs, e.g. a hearing impairment. A configurable
signal processing circuit of the hearing aid may be adapt-
ed to apply a frequency and level dependent compres-
sive amplification of an input signal. A customized fre-
quency and level dependent gain (amplification or com-
pression) may be determined in a fitting process by a
fitting system based on a user’s hearing data, e.g. an
audiogram, using a fitting rationale (e.g. adapted to
speech). The frequency and level dependent gain may
e.g. be embodied in processing parameters, e.g. upload-
ed to the hearing aid via an interface to a programming
device (fitting system), and used by a processing algo-
rithm executed by the configurable signal processing cir-
cuit of the hearing aid.

[0051] A ‘hearing system’ refers to a system compris-
ing one or two hearing aids, and a ‘binaural hearing sys-
tem’ refers to a system comprising two hearing aids and
being adapted to cooperatively provide audible signals
to both of the user’s ears. Hearing systems or binaural
hearing systems may further comprise one or more ‘aux-
iliary devices’, which communicate with the hearing aid(s)
and affect and/or benefit from the function of the hearing
aid(s). Such auxiliary devices may include at least one
of aremote control, a remote microphone, an audio gate-
way device, an entertainment device, e.g. a music player,
a wireless communication device, e.g. a mobile phone
(such as a smartphone) or a tablet or another device,
e.g. comprising a graphical interface. Hearing aids, hear-
ing systems or binaural hearing systems may e.g. be
used for compensating for a hearing-impaired person’s
loss of hearing capability, augmenting or protecting a nor-
mal-hearing person’s hearing capability and/or convey-
ing electronic audio signals to a person. Hearing aids or
hearing systems may e.g. form part of or interact with
public-address systems, active ear protection systems,
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handsfree telephone systems, car audio systems, enter-
tainment (e.g. TV, music playing or karaoke) systems,
teleconferencing systems, classroom amplification sys-
tems, etc.

BRIEF DESCRIPTION OF DRAWINGS

[0052] The aspects of the disclosure may be best un-
derstood from the following detailed description taken in
conjunction with the accompanying figures. The figures
are schematic and simplified for clarity, and they just
show details to improve the understanding of the claims,
while other details are left out. Throughout, the same
reference numerals are used for identical or correspond-
ing parts. The individual features of each aspect may
each be combined with any or all features of the other
aspects. These and other aspects, features and/or tech-
nical effect will be apparent from and elucidated with ref-
erence to the illustrations described hereinafter in which:

FIG. 1 shows an example embodiment of a hearing
aid according to the disclosure,

FIG. 2 shows an example embodiment of a hearing
aid according to the disclosure,

FIGS. 3A-3B show example embodiments of a hear-
ing aid according to the disclosure, and

FIG. 4 shows an example embodiment of a hearing
aid according to the disclosure.

[0053] The figures are schematic and simplified for
clarity, and they just show details which are essential to
the understanding of the disclosure, while other details
are left out. Throughout, the same reference signs are
used for identical or corresponding parts.

[0054] Further scope of applicability of the present dis-
closure will become apparent from the detailed descrip-
tion given hereinafter. However, it should be understood
that the detailed description and specific examples, while
indicating preferred embodiments of the disclosure, are
given by way of illustration only. Other embodiments may
become apparent to those skilled in the art from the fol-
lowing detailed description.

DETAILED DESCRIPTION OF EMBODIMENTS

[0055] The detailed description set forth below in con-
nection with the appended drawings is intended as a de-
scription of various configurations. The detailed descrip-
tion includes specific details for the purpose of providing
athorough understanding of various concepts. However,
it will be apparent to those skilled in the art that these
concepts may be practiced without these specific details.
Several aspects of the apparatus and methods are de-
scribed by various blocks, functional units, modules,
components, circuits, steps, processes, algorithms, etc.
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(collectively referred to as "elements"). Depending upon
particular application, design constraints or other rea-
sons, these elements may be implemented using elec-
tronic hardware, computer program, or any combination
thereof.

[0056] The electronic hardware may include micro-
electronic-mechanical systems (MEMS), integrated cir-
cuits (e.g. application specific), microprocessors, micro-
controllers, digital signal processors (DSPs), field pro-
grammable gate arrays (FPGAs), programmable logic
devices (PLDs), gated logic, discrete hardware circuits,
printed circuitboards (PCB) (e.g. flexible PCBs), and oth-
er suitable hardware configured to perform the various
functionality described throughout this disclosure, e.g.
sensors, e.g. for sensing and/or registering physical
properties of the environment, the device, the user, etc.
Computer program shall be construed broadly to mean
instructions, instruction sets, code, code segments, pro-
gram code, programs, subprograms, software modules,
applications, software applications, software packages,
routines, subroutines, objects, executables, threads of
execution, procedures, functions, etc., whether referred
to as software, firmware, middleware, microcode, hard-
ware description language, or otherwise.

[0057] The present application relates to the field of
hearing aids.

[0058] FIG. 1 shows an example embodiment of a
hearing aid according to the disclosure. As shown, the
hearing aid 100 can include a receiver 102. The receiver
102 is configured to receive a sound in the environment.
For example, the receiver 102 can be a microphone. The
receiver 102 has a first end 104, a second end 106 op-
posite the first end 104, and an outer surface 108 con-
necting the first 104 end with the second end 106. The
first end 104 and the second end 106 can be considered
longitudinal ends of the receiver 102. Optionally, the re-
ceiver 102 is a dual receiver 102, 102’. The dual receiver
102’ can include any or all discussion regarding receiver
102. A longitudinal direction can be considered from the
first end 104 to the second end 106. A radial direction
can be considered from the outer surface 108 to the hous-
ing 114.

[0059] As shown, the outer surface 108 can be one or
more surfaces of the receiver 102. The outer surface 108
can be surfaces of the receiver 102 extending radially
away from a center of the receiver 102. The outer surface
108 can be one or more surfaces other than those forming
the first end 104 and the second end 106. The outer sur-
face 108 can be one or more surfaces including those
forming the first end 104 and the second end 106.
[0060] The hearing aid 100 of FIG. 1 further includes
a suspension layer 110. The suspension layer 110 at
least partially covers the outer surface 108 of the receiver
102. The hearing aid 100 further includes an impact ab-
sorbing layer 112. The impact absorbing layer 112 at
least partially covers the outer surface 108 of the receiver
102. The impact absorbing layer 112 is a different mate-
rial than the suspension layer 110. The suspension layer
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110 can be a rubber layer. The impact absorbing layer
112 can be a foam layer.

[0061] Further, the hearing aid 100 caninclude a hous-
ing 114 surrounding the receiver 102, the suspension
layer 110, and the impact absorbing layer 112. The hous-
ing 114 can form an outer surface of the hearing aid 100,
thereby defining its shape. As shown in FIG. 1, the foam
layer comprises a plurality of foam pads, each of the plu-
rality of foam pads covering a side of the receiver 102.
The foam layer can be an open cell foam. The foam layer
can be urethane.

[0062] As shown in FIG. 1, the suspension layer 110
at least partially covers a first portion of the outer surface
108, and the impact absorbing layer 112 at least partially
covers a second portion of the outer surface 108, the first
portion and the second portion being different. Thus, as
shown, there is noradial overlap between the suspension
layer 110 and the impactabsorbing layer 112. The impact
absorbing layer 112 covers a larger portion of the outer
surface 108 than the suspension layer 110.

[0063] The suspension layer 110 can abut the impact
absorbing layer 112. Further, as shown, the impact ab-
sorbing layer 112 can abut the housing 114. Moreover,
the impact absorbing layer 112 and the suspension layer
110 are in contact with the outer surface 108 of the re-
ceiver 102.

[0064] FIG. 2 shows an example embodiment of a
hearing aid according to the disclosure. In particular, as
shown the impact absorbing layer 112 covers an outer
circumference of the outer surface 108. As shown in FIG.
2, the impact absorbing layer 112 is a foam layer, and
the foam layer can be a single foam pad.

[0065] FIGS. 3A-3B show example embodiments of a
hearing aid according to the disclosure. The hearing aids
shown in FIGS. 3A-3B can include some or all of the
features discussed with respect to FIGS. 1-2. As shown
in FIG. 3A, the suspension layer 110 is separated from
the impact absorbing layer 112 by a gap 302 (e.g., the
layers are spaced apart). As shown in FIG. 3B, the impact
absorbing layer 112 can be separated from the housing
114 by a gap 304. This can allow some flexibility in the
movement of the receiver 102 during wearing and/or op-
eration.

[0066] FIG. 4 shows an example embodiment of a
hearing aid according to the disclosure. As shown, the
hearing 100 includes the housing 114 discussed herein.
The hearing 100 is configured to be worn behind the us-
er's ears and comprises a behind-the-ear part 402 and
an in-the-ear part 404. The behind-the-ear part 402 is
connected to the in-the-ear part 404 via connecting mem-
ber406. However, the hearing aid 100 may be configured
in other ways e.g., as completely-in-the-ear hearing aids.
In some examples, the hearing aid 100 is in communi-
cation with another hearing aid via a short-range wireless
link, e.g., an inductive wireless link.

[0067] It is intended that the structural features of the
devices described above, either in the detailed descrip-
tion and/or in the claims, may be combined with steps of
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the method, when appropriately substituted by a corre-
sponding process.

[0068] As used, the singular forms "a," "an," and "the"
are intended to include the plural forms as well (i.e. to
have the meaning "atleastone"), unless expressly stated
otherwise. It will be further understood that the terms "in-
cludes," "comprises," "including," and/or "comprising,"
when used in this specification, specify the presence of
stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps,
operations, elements, components, and/or groups there-
of. It will also be understood that when an element is
referred to as being "connected" or "coupled" to another
element, it can be directly connected or coupled to the
other element, but an intervening element may also be
present, unless expressly stated otherwise. Further-
more, "connected" or "coupled" as used herein may in-
clude wirelessly connected or coupled. As used herein,
the term "and/or" includes any and all combinations of
one or more of the associated listed items. The steps of
any disclosed method are not limited to the exact order
stated herein, unless expressly stated otherwise.
[0069] Itshould be appreciated thatreference through-
out this specification to "one embodiment" or "an embod-
iment" or "an aspect" or features included as "may"
means that a particular feature, structure or characteristic
described in connection with the embodiment is included
in at least one embodiment of the disclosure. Further-
more, the particular features, structures or characteris-
tics may be combined as suitable in one or more embod-
iments of the disclosure. The previous description is pro-
vided to enable any person skilled in the art to practice
the various aspects described herein. Various modifica-
tions to these aspects will be readily apparent to those
skilled in the art, and the generic principles defined herein
may be applied to other aspects.

[0070] The claims are not intended to be limited to the
aspects shown herein but are to be accorded the full
scope consistent with the language of the claims, wherein
reference to an element in the singular is not intended to
mean "one and only one" unless specifically so stated,
but rather "one or more." Unless specifically stated oth-
erwise, the term "some" refers to one or more.

Claims
1. A hearing aid (100) comprising:

a receiver (102) configured to receive a sound
in the environment, the receiver (102) having a
firstend (104), a second end (106) opposite the
first end (104), and an outer surface (106) con-
necting the first end (104) with the second end
(106);

a suspension layer (110) at least partially cov-
ering the outer surface (108) of the receiver
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(102);

animpact absorbing layer (112) atleast partially
covering the outer surface (108) of the receiver
(102), wherein the impact absorbing layer (112)
is a different material than the suspension layer
(110); and

a housing (114) surrounding the receiver (102),
the suspension layer (110), and the impact ab-
sorbing layer (112).

The hearing aid (100) of claim 1, wherein the impact
absorbing layer (112) covers an outer circumference
of the outer surface (106).

The hearing aid (100) of any one of the preceding
claims, wherein the suspension layer (110) is a rub-
ber layer.

The hearing aid (100) of any one of the preceding
claims, wherein the impact absorbing layer (112) is
a foam layer.

The hearing aid (100) of claim 4, wherein the foam
layer comprises a plurality of foam pads, each of the
plurality of foam pads covering a side of the receiver.

The hearing aid (100) of claim 4, wherein the foam
layer comprises a single foam pad.

The hearing aid (100) of any one of claims 4-6,
wherein the foam layer comprises an open cell foam.

The hearing aid (100) of any one of claims 4-6,
wherein the foam layer comprises urethane.

The hearing aid (100) of any one of the preceding
claims, wherein the receiver (102) comprises a dual
receiver (102, 102’).

The hearing aid (100) of any one of the preceding
claims, wherein the suspension layer (110) at least
partially covers a first portion of the outer surface
(106), and wherein the impact absorbing layer (112)
at least partially covers a second portion of the outer
surface (106), the first portion and the second portion
being different.

The hearing aid (100) of any one of the preceding
claims, wherein the suspension layer (110) abuts the
impact absorbing layer (112).

The hearing aid (100) of any one of claims 1-10,
wherein the suspension layer (110) is separated
from the impact absorbing layer (112) by a gap.

The hearing aid (100) of any one of the preceding
claims, wherein the impact absorbing layer (112)
abuts the housing (114).
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14.

15.

The hearing aid (100) of any one of the preceding
claims, wherein the impact absorbing layer (112)
covers a larger portion of the outer surface (106)
than the suspension layer (110).

The hearing aid (100) of any one of the preceding
claims, wherein the impact absorbing layer (112) and
the suspension layer (110) are in contact with the
outer surface (106) of the receiver (102).
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