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(54) IN THE EAR HEARING AID WITH EXPOSED ELECTRONIC COMPONENTS

(57) A hearing aid comprises a housing configured
to be inserted into an ear canal of a hearing aid user. The
housing accommodates at least one microphone, a re-
ceiver, a battery, and electrical components configured
to create electrical connections between the at least one
microphone, the battery and the receiver. The housing
is configured as a casing having an outer surface. The
outer surface comprises at least a first opening and a
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second opening. The first opening is configured to have
arranged therein a first microphone of the at least one
microphone, and the second opening is configured to
have arranged therein the receiver. The receiver and the
first microphone is arranged in said second and first
opening, respectively, so that at least a surface of said
receiver and said first microphone protrudes from said
outer surface of the casing.
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Description
FIELD
[0001] The present disclosure relates to a hearing aid

having exposed electronic components, where the elec-
tronic components includes at least a microphone and a
receiver. More particularly, the disclosure relates to an
in the ear type hearing aid, which comprises a housing
configured to be inserted into the ear canal of a user, and
which comprises at least a receiver and at least one mi-
crophone which protrudes from the housing.

BACKGROUND

[0002] When designing In-the-ear type hearing aids,
which should be dimensioned to match a plurality of dif-
ferent sized ear canals, it is important that the hearing
aid housing is made as compact as possibility in order
to allow a greater fit rate in the ear canal. It is generally
known that the size of the ear canals differs in the human
population, why some hearing aids are custom designed
to provide a perfectly matched hearing aid.

[0003] However, such custom designed in-the-ear
type hearing aids are expensive to produce and requires
a substantive fitting and molding process, which are ad-
justed exactly for individual ear canals of humans.
[0004] Accordingly, thereis aninterestin avoiding cus-
tom designed in-the-ear hearing aids, while at the same
time maintaining a high fit rate, and which allows im-
proved audiological features in the hearing aid. However,
when designing non-custom designed hearing aids, it is
often a challenge to arrange the hearing aid components
internally to the housing in a manner which provides a
sufficient sized hearing aid, which allows for a high fit
rate, that is, which fits a high percentage of different hu-
man ear canals.

[0005] Therefore, there is a need to provide a solution
that allows for an in-the-ear type hearing aid, which has
a construction that allows for a high fit rate while at the
same time improving the audiology of the hearing aid.
The presented solution provides at least an alternative
to already known in-the-ear hearing aids.

SUMMARY

[0006] Accordingtoanaspect,ahearingaid comprises
a housing configured to be inserted into an ear canal of
a hearing aid user. The housing accommodates at least
one microphone, areceiver, a battery, and electrical com-
ponents configured to create electrical connections be-
tween the at least one microphone, the battery and the
receiver. The housing is configured as a casing having
an outer surface. The outer surface comprises at least a
first opening and a second opening. The first opening is
configured to have arranged therein a first microphone
of the at least one microphone, and the second opening
is configured to have arranged therein the receiver. The
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receiver and the first microphone is arranged in said sec-
ond and first opening, respectively, so that at least a sur-
face of said receiver and said first microphone protrudes
from said outer surface of the casing.

[0007] This allows a construction of a hearing aid that
well matches into the space available in an ear canal,
thereby allowing a high fit rate while at the same time
improving the audiology.

[0008] The outer surface of the casing may comprise
athird opening, said third opening is configured toreceive
a second microphone, wherein a surface of the second
microphone is exposed to the surroundings or protrudes
from the outer surface of the casing. This allows improv-
ing the configuration of said hearing aid even for a dual
microphone type in ear hearing aid.

[0009] Furthermore, the casing defines a longitudinal
direction, wherein a first end faces towards the eardrum
and a second end faces towards the ear canal opening
when the hearing aid is inserted into an ear canal, where-
in the first end may comprise the receiver, which in one
end of the receiver may face towards a first surface of
the battery, and the first microphone may be arranged in
the second end and may face another surface of the bat-
tery. Thereby, the second microphone may be arranged
in the first end of the casing, and substantially faces a
first longitudinal side of the receiver. This further im-
proves the configuration of said hearing aid for single as
well as dual microphone type in ear hearing aids.
[0010] Still further, a first electrical component of said
electrical components may be arranged between the sec-
ond microphone and the receiver. This allows creating a
physical separation between the receiver and the inner
microphone, thereby lowering the risk of vibratory feed-
back between receiver and microphone while allowing
efficient use of physical space.

[0011] Moreover, the second end may comprise a bat-
tery drawer configured to receive a battery, the battery
drawer is hingedly connected to the casing on a side of
the battery drawer facing an end of the receiver. This
allows simple replacement of the battery while efficiently
using the available space.

[0012] The hearing aid may further comprise a sleeve
configured to be arranged around and substantially en-
close at least a part of the casing, wherein the sleeve is
configured to enclose the protruding surfaces of the at
least one microphone and the receiver. Thereby, the
sleeve may be configured to allow a part of the casing
comprising said battery to be exposed to the surround-
ings. This allows for providing a well-defined comfortable
sealing to the ear canal walls and to ensure retention of
the device is the ear canal.

[0013] Further, the battery drawer may comprise a cov-
er configured to rotate around the hinged connection of
said battery drawer, wherein the first microphone is con-
figured to be arranged on a surface of the battery oppos-
ing the cover of the battery drawer. This allows simple
replacement of the battery while efficiently using the
available space.
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[0014] Still further, the electrical connection elements
connecting said first microphone to said first electrical
component may run substantially from said first micro-
phone along the outer counters of said battery to said
first electrical component. The first electrical component
may be configured as a printed circuit board (PCB).
[0015] The hearing aid may further comprise a coil con-
figured for providing at least one of a communication link
(e.g. near-field communication) and a charging link.
Thereby, the coil may be arranged at substantially the
same side of the battery as said first microphone.
[0016] The casing may comprise a first microphone
inlet, which is located between the first microphone and
the battery. This ensures free sound access to the mi-
crophone input while obtaining a solution where the phys-
ical length of the device is minimized through taking ad-
vantage of the elongated cross section of the outer ear
canal.

[0017] Further, the casing may comprise a second mi-
crophone inlet located in the first end thereof, which is
formed in a T-shape such that two inlet ports are provided
on opposite sides on the first end of the casing. This
enables increased security against wax build-up blocking
the sound from entering the hearing instrument, since
two separate sound inlet openings are provided.

[0018] Moreover the battery may be rechargeable bat-
tery, which is mounted on a printed circuit board (PCB)
provided within the casing. Thereby, the battery drawer
is not necessary, which allows further saving material
and space.

BRIEF DESCRIPTION OF DRAWINGS

[0019] 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 schematically illustrates relative positions of
components of a dual microphone type hearing aid
according to an embodiment of the disclosure, illus-
trated without sleeve and casing;

Fig. 2 shows a cross section of a hearing aid, indi-
cating positional relationships between components
thereof

Fig. 3 schematically illustrates a hearing aid accord-
ing to an embodiment of the disclosure with attached
sleeve and casing;
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Fig. 4 schematically illustrates a hearing aid accord-
ing to an embodiment of the disclosure with casing
and without attached sleeve;

Fig. 5 schematically illustrates a hearing aid accord-
ing to an embodiment of the disclosure with attached
sleeve and casing, wherein the sleeve is formed as
dome;

Figs. 6A to 6C show examples of battery connection
locations;

Figs. 7A to 7C show examples of providing a sound
inlet to the front (second) microphone;

Fig. 8 shows an exploded view of a hearing aid ac-
cording to the present invention;

Fig. 9 shows possible states of the receiver and sec-
ond microphone with regard to the casing; and

Fig. 10 shows estimated geometrical parameters
representative of the relevant part of the ear canal.

DETAILED DESCRIPTION

[0020] 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 are described by vari-
ous blocks, functional units, modules, components, etc.
(collectively referred to as "elements"). Depending upon
particular application, design constraints or other rea-
sons, these elements may be implemented using elec-
tronic hardware, computer program, or any combination
thereof.

[0021] The electronic hardware may include micro-
processors, microcontrollers, digital signal processors
(DSPs), field programmable gate arrays (FPGASs), pro-
grammable logic devices (PLDs), gated logic, discrete
hardware circuits, and other suitable hardware config-
ured to perform the various functionality described
throughout this disclosure. Computer program shall be
construed broadly to mean instructions, instruction sets,
code, code segments, program code, programs, subpro-
grams, software modules, applications, software appli-
cations, software packages, routines, subroutines, ob-
jects, executables, threads of execution, procedures,
functions, etc., whetherreferred to as software, firmware,
middleware, microcode, hardware description language,
or otherwise.

[0022] A hearing device may include a hearing aid that
is adapted to improve or augment the hearing capability
of a user by receiving an acoustic signal from a user’s
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surroundings, generating a corresponding audio signal,
possibly modifying the audio signal and providing the
possibly modified audio signal as an audible signal to at
least one of the user’s ears. The "hearing device" may
further referto a device such as an earphone or aheadset
adapted to receive an audio signal electronically, possi-
bly modifying the audio signal and providing the possibly
modified audio signals as an audible signal to at least
one of the user’s ears. Such audible signals may be pro-
vided in the form of an acoustic signal radiated into the
user’s outer ear, or an acoustic signal transferred as me-
chanical vibrations to the user’s inner ears through bone
structure of the user’s head and/or through parts of mid-
dle ear of the user or electric signals transferred directly
or indirectly to cochlear nerve and/or to auditory cortex
of the user.

[0023] The hearing device is adapted to be worn in any
known way. This may include i) arranging a unit of the
hearing device behind the ear with a tube leading air-
borne acoustic signals into the ear canal or with a receiv-
er/ loudspeaker arranged close to or in the ear canal such
as in a Behind-the-Ear type hearing aid, and/ or ii) ar-
ranging the hearing device entirely or partly in the pinna
and/ or in the ear canal of the user such as in a In-the-
Ear type hearing aid or In-the-Canal/ Completely-in-Ca-
nal type hearing aid, or iii) arranging a unit of the hearing
device attached to a fixture implanted into the skull bone
such as in Bone Anchored Hearing Aid or Cochlear Im-
plant, or iv) arranging a unit of the hearing device as an
entirely or partly implanted unit such as in Bone Anchored
Hearing Aid or Cochlear Implant.

[0024] A "hearing system" refers to a system compris-
ing one or two hearing devices, and a "binaural hearing
system" refers to a system comprising two hearing de-
vices where the devices are adapted to cooperatively
provide audible signals to both of the user’s ears. The
hearing system or binaural hearing system may further
include auxiliary device(s) that communicates with at
least one hearing device, the auxiliary device affecting
the operation of the hearing devices and/or benefitting
from the functioning of the hearing devices. A wired or
wireless communication link between the at least one
hearing device and the auxiliary device is established
that allows for exchanging information (e.g. control and
status signals, possibly audio signals) between the at
least one hearing device and the auxiliary device. Such
auxiliary devices may include at least one of remote con-
trols, remote microphones, audio gateway devices, mo-
bile phones, public-address systems, car audio systems
or music players or a combination thereof. The audio
gateway is adapted toreceive a multitude of audio signals
such as from an entertainment device like a TV or a music
player, a telephone apparatus like a mobile telephone or
a computer, a PC. The audio gateway is further adapted
to select and/or combine an appropriate one of the re-
ceived audio signals (or combination of signals) for trans-
mission to the at least one hearing device. The remote
control is adapted to control functionality and operation
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of the at least one hearing devices. The function of the
remote control may be implemented in a Smartphone or
other electronic device, the Smartphone/electronic de-
vice possibly running an application that controls func-
tionality of the at least one hearing device.

[0025] In general, a hearing device includes i) an input
unit such as amicrophone for receiving an acoustic signal
from a user’s surroundings and providing a correspond-
ing input audio signal, and/or ii) a receiving unit for elec-
tronically receiving an input audio signal. The hearing
device further includes a signal processing unit for
processing the input audio signal and an output unit for
providing an audible signal to the user in dependence on
the processed audio signal.

[0026] The input unit may include multiple input micro-
phones, e.g. for providing direction-dependent audio sig-
nal processing. Such directional microphone system is
adapted to enhance a target acoustic source among a
multitude of acoustic sources in the user’s environment.
In one aspect, the directional system is adapted to detect
(such as adaptively detect) from which direction a par-
ticular part of the microphone signal originates. This may
be achieved by using conventionally known methods.
The signal-processing unit may include amplifier that is
adapted to apply a frequency dependent gain to the input
audio signal. The signal-processing unit may further be
adapted to provide other relevant functionality such as
compression, noise reduction, etc. The output unit may
include an output transducer such as a loudspeaker/ re-
ceiver for providing an air-borne acoustic signal transcu-
taneously or percutaneously to the skull bone or a vibrator
for providing a structure-borne or liquid-borne acoustic
signal. In some hearing devices, the output unit may in-
clude one or more output electrodes for providing the
electric signals such as in a Cochlear Implant.

[0027] When designing a hearing aid intended to be
manufactured without the use of ear impressions- i.e.
one and the same body shape is used for all clients - the
design of the device with internal components is impor-
tant for the size and usability of the device. Hence, it is
intended to provide a hearing aid that is physically com-
pact as possible while maintaining an outer shape that
is well matched to the ear canal being slightly oval.
[0028] The sketch shownin Fig. 10 indicates estimated
geometrical parameters (in millimeters) representative
of the relevant part of the ear canal where the smallest
cross section (seen in the right hand side of the diagram)
represents innermost part of the ear canal section. A
hearing instrument in the ear canal should be designed
to conform to such dimensions.

[0029] Now referring to Fig. 1, which schematically il-
lustrates relative positions of components of a dual mi-
crophone type hearing aid according to an embodiment
of the disclosure, illustrated without sleeve and casing.
[0030] A hearing aid in accordance with the present
disclosure may comprise, as components thereof, at
least one microphone 2, 3, a receiver 1, a battery 6, and
electrical components 4, which may be mounted on a
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printed circuit board (PCB) 4a that may extend through
the device, as is indicated by a dashed line in Fig. 1, and
which is configured to create electrical connections be-
tween the at least one microphone 2, 3, the battery 6 and
the receiver 1. The PCB may be formed e.g. as solid
single- or multilayered PCB, or as a flexible PCB, which
may be configured so as to follow the outer contours of
at least one of the battery 6, the receiver 1 and the mi-
crophone 2.

[0031] As is indicated in Fig. 2, the PCB may extend
from one end of the hearing aid, on which a front micro-
phone 3 and the receiver 1 is provided, along the battery
6 to the rear microphone 2. As already indicated above,
the PCB may be flexible, wherein amplifier electronics
(electrical components) 4, the receiver 1 and the micro-
phones 2, 3 may be mounted directly thereon or via ad-
ditional PCB(s). Sound inlets 10, 11 for the front micro-
phone 3 and the rear microphone 2, respectively, may
be formed in the casing 8.

[0032] BacktoFig. 1,incase of a hearing aid providing
a communication link, such as near-field communication,
Bluetooth, etc., a respective coil 5 for providing a com-
munication link may be provided, as is shown in Fig. 1.
Thereby, the coil 5 is arranged at substantially the same
side of the battery 6 as the first microphone 2. The caoill
may also be used for wirelessly charging the battery 6
(e.g. by induction), in case the battery is a rechargeable
battery. Further, separate coils for communication link
and charging link may be provided.

[0033] The battery 6 of the hearing aid may be re-
chargeable. In particular, the in the ear apparatus com-
prises the battery, microphone and receiver construction
as described above, however with a rechargeable bat-
tery. That s, the battery is e.g. SMD mounted to the PCB
so as to be integrated (i.e. cannot be displaced/removed)
into the casing. According to an example, the battery is
SMD mounted to the PCB, which extends through the
entire device. Therefore, the battery drawer would no
longer be necessary, and material and space would be
saved.

[0034] Also, as is indicated in Fig. 1, the hearing aid
may be provided with aremoval handle 7, so as to enable
removal of the hearing aid from an ear canal.

[0035] Fig. 3 schematically illustrates a hearing aid ac-
cording to an embodiment of the disclosure with sleeve
9 and housing 8, wherein the inner part thereofis similarly
configured as the hearing aid shown in Fig. 1.

[0036] In this example, the hearing aid is configured
as an instant-shaped in-ear canal device (i.e. no need
for ear canal impressions) equipped with a soft sleeve 9
covering the frontal part and having a dome-shaped
structure which may be of circular shape or elongated
/ellipsoidal outer shape. The sleeve is made from soft
material such as silicone in order to provide a comfortable
ear insertion. The primary function of the sleeve 9 is to
provide a well-defined comfortable sealing to the ear ca-
nal walls and to ensure retention of the device is the ear
canal.
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[0037] The device may be configured by having two
microphones 2, 3 and a receiver 1 which is not fully ac-
commodated in the casing and not covered by plastic or
similar casing material. This results in a smaller instru-
ment than if the transducers are mounted inside the cas-
ing.

[0038] The transducers may be covered by a layer of
lacquer or paintin order to protect the user from electrical
currents migrating from the surface of the transducers
into the skin of the user. As examples, silicone coating,
polyurethane coating or epoxy coating may be applied,
which may be biocompatible, or may be at least produced
as biocompatible coatings. The sleeve 9 may offer pro-
tection from wax entering into the hearing aid transducer
openings and alleviates the problem of the end user hav-
ing to change separate wax-protective filters. The sleeve
9 may be changeable, (e.g. once per week), and this
effectively renews the wax protection also.

[0039] Particularly, as is shown in Fig. 3, the sleeve is
configured to be arranged around and substantially en-
close at least a part of the housing 8 (casing), wherein
the sleeve 9 is configured to enclose the protruding sur-
faces of the microphones 2 and 3 as well as the receiver
1. Nevertheless, the sleeve 9 is configured to allow a part
of the housing 8 (casing) comprising the battery 6 to be
exposed to the surroundings.

[0040] As becomes apparent from each of Figs. 3 and
4, the housing 8 of the hearing aid is configured as a
casing having an outer surface. The outer surface com-
prises at least a first opening and a second opening,
wherein the first opening is configured to have arranged
therein a first microphone 2 (of the at least one micro-
phone), and the second opening is configured to have
arranged therein the receiver 1. The first microphone 2
is arranged in the first opening, and the receiver 1 is ar-
ranged in the second opening, so that at least a surface
of the receiver 1 and the first microphone 2 protrudes
from said outer surface of the casing.

[0041] Figs. 3 and 4 each shows an example in which
the outer surface of the casing further comprises a third
opening, which is configured to receive a second micro-
phone 3, and a surface of the second microphone 3 pro-
trudes from the outer surface of the casing 8.

[0042] Asis illustrated in Fig. 3, the casing 8 defines a
longitudinal direction, wherein a first end 8a faces to-
wards the eardrum and a second end 8b faces towards
the ear canal opening when the hearing aid is inserted
into an ear canal. Thereby, the first end 8a comprises
the receiver 1, which in one end of the receiver 1 faces
towards a first surface of the battery 6, and the first mi-
crophone 2 is arranged in the second end 8b and faces
another surface of the battery 6.

[0043] Further, in the example of Fig. 3, the second
microphone 3 is arranged in the first end 8a of the casing,
and substantially faces a first longitudinal side of the re-
ceiver 1.

[0044] The device may also comprise electronic com-
ponents 4 (e.g. amplifier, signal processing, etc.) which
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are mounted wholly or partially between the frontal mi-
crophone 3 and the receiver 1. This allows for efficient
use of physical space in the device while at the same
time creating a physical separation between the receiver
and the inner microphone, wherein this is advantageous
because of the risk of vibratory feedback between receiv-
er and inner microphone. In particular, a first electrical
component 4a, which may be configured as the above
indicated printed circuit board, may be arranged between
the second microphone 3 and the receiver 1, as is shown
in Fig. 1.

[0045] Asis further shownin Figs. 3 and 4, the housing
8 may comprise a battery drawer 6a configured to receive
the battery 6 at the second end 8b of the casing, wherein
the battery drawer 6a is hingedly connected to the casing
on a side of the battery drawer 6a facing an end of the
receiver 1. That is, the battery drawer 6a comprises a
cover 6b configured to rotate around the hinged connec-
tion 6¢ of the battery drawer 6a, wherein the first micro-
phone 2 is configured to be arranged on a surface of the
battery 6 opposing the cover 6b of the battery drawer 6a.
[0046] In addition, according to certain embodiments,
the device may comprise a T-shaped microphone inlet
10atthe inner microphone 3. T-shaped means that open-
ings exist on both sides of the instrument, since the hole
penetrates all the way through the instrument. The T-inlet
has the advantage of increased security against wax
build-up blocking the sound from entering the hearing
instrument, since two separate sound inlet openings exist
in this design.

[0047] Further, the device may comprise an outer
(rear) microphone inlet 11 which is located between the
outer microphone 2 and the battery 6. This solution en-
sures free sound access to the microphone input while
obtaining a solution where the physical length of the de-
vice is minimized through taking advantage of the elon-
gated cross section of the outer ear canal.

[0048] Thetransducers may be protected bythesleeve
9 as seen in Fig. 3 or they may be partially or wholly
unprotected as seen in Fig. 5 for a concept using dome
instead of the long sleeve. Thereby, the sleeve may also
cover the battery and has the function of a dome, ensur-
ing a seal towards the inner surfaces of the ear canal.
Further, the sleeve may be furthermore covered by a
dome, which seals the hearing aid to the inner walls of
the ear canal.

[0049] In particular, while Fig. 3 shows an example of
a dual microphone type in-ear device with silicone sleeve
having a shape including a part partially covering the out-
er end of the device, thereby ensuring that the sleeve will
not fall off in the ear canal, the embodiment shown in Fig.
5 shows a device with a dome instead of the long sleeve
seen in Fig. 3.

[0050] Each of Figs. 6A to 6C shows examples of lo-
cations for battery connection (e.g. soldering or contact
springs) based on the cross-section view of Fig. 2. Ac-
cording to Fig. 6A, the electrical connection of the battery
6 to the PCB 4a may be formed in a middle section be-
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tween the receiver 1 and the rear (first) microphone 2,
according to Fig. 6B, the electrical connection may be
formed adjacent to the rear (first) microphone 2, and ac-
cording to Fig. 6C, the electrical connection may be
formed adjacent to the receiver 1. Nevertheless, the po-
sition of the electrical connection of the battery 6 is not
restricted on these examples.

[0051] The inlet 10 of the second (inner/front) micro-
phone 3 is arranged to be directed into the channel
formed in the relatively small space formed between the
receiver 1 and the second microphone 3 (see e.g. Fig.
2). Figs. 7A to 7C show examples of the sound inlet 10
to the front (second) microphone 3. In the above-indicat-
ed channel/relatively small space, the second micro-
phone 3, which may be a MEMS-microphone, comprises
an inlet structure (i.e. the T-shaped structure), which
mount onto the inlet of the second microphone 3, and
then extends to each side in the channel and substantially
takes of the relatively small space between the receiver
1 and the microphone 3. That s, a surface of the receiver
1 abuts the "T-inlet". It does not necessarily need to be
at-inlet, as long as the inlet takes up the above-indicated
relative small space.

[0052] Inorder to protect the user from the electronics,
the transducer may be retracted into the casing or ar-
ranged substantially flush with the outer surface of the
casing in the respective opening into the surfaces.
[0053] Furthermore, the transducers may be protected
from e.g. electrostatic discharge, especially when bear-
ing in mind that such device are intended to be in very
close contactwith humans. The transducer (as described
above), may be coated with a non-conductive coating -
this could be e.g. a paint. Also, a type of conductor may
be used which leads the potential currents away from the
transducers. E.g. the in a PCB to which the transducers
are connected, a metal wire could be integrated, through
which metal wires, the currents are lead away from the
transducers. Another approach is to glue onto the trans-
ducers a metal sheet, which leads the potential electro-
static discharge currents away from the transducers.
[0054] Fig. 8 shows an exploded view according to an
example of the hearing aid according to the invention
comprising the casing 8, the receiver 1, the first micro-
phone 2, the second microphone 3, the battery cover 6b
which may be provided at the casing 8 via a hinged con-
nection 6c¢.

[0055] AsbecomesapparentfromFig.9, thefront(sec-
ond) microphone 3, the receiver and/or any of the further
components may be disposed in the respective openings
of the casing (housing) 8, so as to be completely exposed
to the surroundings (left side of Fig. 9), so as to partially
protrude from the housing 8 (middle of Fig. 9), or so as
to be only partially exposed to the surroundings (right
side of Fig. 9).

[0056] Itis 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
a method, when appropriately substituted by a corre-
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sponding process (e.g. for manufacturing a hearing aid).
[0057] 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 elements 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 is not limited to the exact order
stated herein, unless expressly stated otherwise.
[0058] Itshould be appreciated that reference through-
out this specification to "one embodiment" or "an embod-
iment" or "an aspect" or features included as "may"
means that a particular feature, structure or characteristic
described in connection with the embodiment is included
in at least one embodiment of the disclosure. Further-
more, the particular features, structures or characteris-
tics may be combined as suitable in one or more embod-
iments of the disclosure. The previous description is pro-
vided to enable any person skilled in the art to practice
the various aspects described herein. Various modifica-
tions to these aspects will be readily apparent to those
skilled in the art, and the generic principles defined herein
may be applied to other aspects.

[0059] The claims are not intended to be limited to the
aspects shown herein, butis to be accorded the full scope
consistent with the language of the claims, wherein ref-
erence to an element in the singular is not intended to
mean "one and only one" unless specifically so stated,
but rather "one or more." Unless specifically stated oth-
erwise, the term "some" refers to one or more.

[0060] Accordingly, the scope should be judged in
terms of the claims that follow.

Claims
1. A hearing aid, comprising:
a housing configured to be inserted into an ear
canal of a hearing aid user, said housing accom-
modating:
at least one microphone,

areceiver,
a battery, and
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electrical components configured to create
electrical connections between the at least
one microphone, the battery and the receiv-
er,

wherein:

the housingis configured as a casing having
an outer surface,

said outer surface comprises at least a first
opening and a second opening,

the first opening is configured to have ar-
ranged therein a first microphone of the at
least one microphone, and the second
opening is configured to have arranged
therein the receiver, and

said receiver and said first microphone is
arranged in said second and first opening,
respectively, so that at least a surface of
said receiver and said first microphone pro-
trudes from said outer surface of the casing.

The hearing aid according to claim 1, wherein said
outer surface of said casing comprises a third open-
ing, said third opening is configured to receive a sec-
ond microphone, wherein a surface of the second
microphone is exposed to the surroundings or pro-
trudes from the outer surface of the casing.

The hearing aid according to claim 1 or 2, wherein
said casing defines a longitudinal direction, wherein
a first end faces towards the eardrum and a second
end faces towards the ear canal opening when the
hearing aid is inserted into an ear canal,

said first end comprises the receiver, which in one
end of the receiver faces towards a first surface of
the battery, and

the first microphone is arranged in the second end
and faces another surface of the battery.

The hearing aid according to claim 3, wherein the
second microphone is arranged in the first end of the
casing, and substantially faces a first longitudinal
side of the receiver.

The hearing aid according to any of claims 2 to 4,
wherein a first electrical component of said electrical
components is arranged between the second micro-
phone and the receiver.

The hearing aid according to any of claims 3 to 5,
wherein the second end comprises a battery drawer
configured to receive a battery, the battery drawer
is hingedly connected to the casing on a side of the
battery drawer facing an end of the receiver.

The hearing aid according to any of claims 1 to 6,
further comprising a sleeve configured to be ar-
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ranged around and substantially enclose at least a
part of the casing, wherein the sleeve is configured
to enclose the protruding surfaces of the at least one
microphone and the receiver.

The hearing aid according to claim 7, wherein the
sleeve is configured to allow a part of the casing com-
prising said battery to be exposed to the surround-
ings.

The hearing aid according to claim 7 or 8, wherein
the battery drawer comprises a cover configured to
rotate around the hinged connection of said battery
drawer, wherein said first microphone is configured
to be arranged on a surface of said battery opposing
said cover of said battery drawer.

The hearing aid according to any of claims 5 to 9,
wherein the electrical connection elements connect-
ing said first microphone to said first electrical com-
ponent runs substantially from said first microphone
along the outer counters of said battery to said first
electrical component.

The hearing aid according to any of claims 5 to 10,
wherein the first electrical component is configured
as a printed circuit board.

The hearing aid according to any of claims 1 to 11,
further comprising a coil configured for providing at
least one of a communication link and charging link.

The hearing aid according to claim 12, wherein said
coil is arranged at substantially the same side of the
battery as said first microphone.

The hearing aid according to any of claims 1 to 13,
wherein the casing comprises a first microphone in-
let, which is located between the first microphone
and the battery.

The hearing aid according to any of claims 4 to 14,
wherein the casing comprises a second microphone
inlet located in the first end thereof, which is formed
in a T-shape such that two inlet ports are provided
on opposite sides on the first end of the casing.

The hearing aid according to claim 1 or 2, wherein
the battery is a rechargeable battery, which is mount-
ed on a printed circuit board provided within the cas-

ing.
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Fig. 1
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Fig. 2
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Fig. 3
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Fig. 5
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Fig. 8
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