EP 4 099 720 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
07.12.2022 Bulletin 2022/49

(21) Application number: 21177424.5

(22) Date of filing: 02.06.2021

(11) EP 4 099 720 A1

EUROPEAN PATENT APPLICATION

(51) International Patent Classification (IPC):
HO4R 25/00 (2006.0)

(562) Cooperative Patent Classification (CPC):
HO4R 25/65; HO4R 25/602; HO4R 25/604;
HO4R 25/607; HO4R 25/609; HO4R 2225/021;
HO4R 2225/31

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(71) Applicant: GN Hearing A/S
2750 Ballerup (DK)

(72) Inventor: NIELSEN, Henrik
2750 Ballerup (DK)

(74) Representative: Guardian
IP Consulting I/S
Diplomvej, Building 381
2800 Kgs. Lyngby (DK)

(54) HEARING DEVICE

(67)  The invention relates to a hearing device. The
hearing device comprises an outer shell, the outer shell
defining an outer compartment. The hearing device fur-
ther comprises a receiver, and a rechargeable battery
electrically connected to the receiver. Finally, the hearing
device comprises a sealed inner compartment arranged
in the outer compartment, wherein the receiver and the
rechargeable battery are both arranged in the sealed in-
ner compartment.
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a hearing de-
vice. More particularly, the invention relates to a hearing
device comprising a rechargeable battery.

BACKGROUND OF THE INVENTION

[0002] Hearing devices, such as hearing aids and ear
buds, areincreasingly being made with rechargeable bat-
teries for convenience and environmental reasons. Im-
provements in rechargeable battery technology has
made it possible to achieve batteries with high capacity
and high voltage in a compact package. However, these
advances necessitate the rechargeable batteries be en-
capsulated.

[0003] Atthe same time, there is a push to miniaturize
hearing device, while maintaining performance.

[0004] Hence, an improved hearing device would be
advantageous, and in particular a more efficient and/or
improved hearing device with a rechargeable battery
would be advantageous.

OBJECT OF THE INVENTION

[0005] It is an objective of the present innovation to
overcome the presented limitations in the prior art. In
particular, it is an objective to provide a compact hearing
device, which at the same time is sealed to prevent in-
gress of moisture.

[0006] It is a further object of the present invention to
provide an alternative to the prior art.

SUMMARY OF THE INVENTION

[0007] Thus, the above-described object and several
other objects are intended to be obtained in a first aspect
of the invention by providing a hearing device. The hear-
ing device comprises an outer shell, the outer shell de-
fining an outer compartment. The hearing device further
comprises a receiver, and a rechargeable battery. Final-
ly, the hearing device comprises a sealed inner compart-
ment arranged in the outer compartment, wherein the
receiver and the rechargeable battery are both arranged
in the sealed inner compartment. In this way, a good
acoustic sealing of the receiver may be achieved, elimi-
nating or reducing sound leakage from the receiver out
of the hearing device and/or to one or more optional mi-
crophone(s) of the hearing device. Simultaneously, an
efficient mechanical and electrical sealing of the re-
chargeable battery is obtained. Sealing both the receiver
and the battery in a single inner compartment achieves
a particularly space efficient and/or mechanically simple
solution. The microphone(s) may be arranged in the outer
compartment outside the inner compartment.

[0008] In embodiments of the hearing device accord-
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ing to the invention, the sealed inner compartment is air-
tight. In this way, the receiver and the rechargeable bat-
tery may be sealed from humidity and contamination from
ambient air, thus limiting corrosion or other types of deg-
radation of the device. By "airtight" it is meant that at
atmospheric pressure the gas flow of atmospheric gas
between the inside and outside of the inner compartment
will be substantially zero.

[0009] In embodiments of the hearing device accord-
ing to the invention, the sealed inner compartment is wa-
tertight. In this way, the hearing device may be more re-
silient to influence from fluids, such as rain, sweat, etc.
By "watertight" it is meant that the sealed inner compart-
ment fulfills the requirements of at least the IP67 rating.
[0010] In embodiments of the hearing device accord-
ing to the invention, the receiver and rechargeable bat-
tery combined take up at least 40% of a volume of the
sealed inner compartment, such as at least 50% of the
volume of the sealed inner compartment, or even at least
60% of the volume of the sealed inner compartment.
[0011] In embodiments of the hearing device accord-
ing to the invention, the hearing device further comprises
apower management circuitarranged in the sealed inner
compartment.

[0012] In embodiments of the hearing device accord-
ingtothe invention, the sealed inner compartmentis fixed
to the housing frame.

[0013] In embodiments of the hearing device accord-
ingtothe invention, the sealed inner compartmentis fixed
by an adhesive to the housing frame.

[0014] In embodiments of the hearing device accord-
ingtothe invention, the sealed inner compartmentis fixed
to the housing frame by one or more of heat soldering,
ultrasonic welding, interference fit, and snap fit.

[0015] In embodiments of the hearing device accord-
ing to the invention, the sealed inner compartment is in-
tegrally formed in the housing frame.

[0016] In embodiments of the hearing device accord-
ing to the invention, the hearing device further comprises
a magnetic induction (MI) coil arranged in the outer com-
partment, outside the sealed inner compartment.
[0017] In embodiments of the hearing device accord-
ing to the invention, hearing device further comprises a
magnetic induction (MI) coil arranged in the sealed inner
compartment.

[0018] In embodiments of the hearing device accord-
ing to the invention, the hearing device further comprises
an inductive charging coil, the inductive charging coil be-
ing arranged inside the sealed inner compartment.
[0019] In embodiments of the hearing device accord-
ing to the invention, the hearing device further comprises
a printed circuit board assembly (PCBA), the printed cir-
cuit board assembly being arranged in the outer com-
partment, outside the sealed inner compartment.
[0020] In embodiments of the hearing device accord-
ing to the invention, the hearing device further comprises
a signal processor, the signal processor being arranged
in the outer compartment, outside the sealed inner com-
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partment. The signal processor is coupled to the micro-
phone(s) to process audio signals by frequency depend-
entamplification based on a user’s frequency dependent
hearing loss. The signal processor is coupled to the re-
ceiver so that the receiver may generate an audible
acoustic signal representing sound captured by the mi-
crophone(s) compensated for the user’s hearing loss.
[0021] In embodiments of the hearing device accord-
ing to the invention, the sealed inner compartment is
made from metal, plastic, composites, or a combination
thereof.

[0022] In embodiments of the hearing device accord-
ing to the invention, the sealed inner compartment com-
prises a lid.

[0023] In embodiments of the hearing device accord-
ing to the invention, the sealed inner compartment com-
prises one or more openings for electrical connections
between units of the hearing device arranged in the
sealed inner compartment and units in the outer com-
partment, outside the sealed inner compartment.
[0024] In embodiments of the hearing device accord-
ing to the invention, the one or more openings comprises
sealings, the sealings being arranged to seal with respect
to sound and/or humidity leakage along the electrical
connections.

[0025] In embodiments of the hearing device accord-
ing to the invention, the sealings are separate from the
sealed inner compartment.

[0026] In embodiments of the hearing device accord-
ing to the invention, the sealings are molded using two-
component moulding together with the plastic frame.
[0027] In embodiments of the hearing device accord-
ing to the invention, the hearing device is a hearing aid.
[0028] In embodiments of the hearing device accord-
ing to the invention, the hearing aid is a behind-the-ear,
BTE, hearing aid.

[0029] In embodiments of the hearing device accord-
ing to the invention, the hearing device is an ear bud.
[0030] This and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiments described hereinafter.

BRIEF DESCRIPTION OF THE FIGURES

[0031] The hearing device according to the invention
will now be described in more detail with regard to the
accompanying figures. The figures show one way of im-
plementing the present invention and is not to be con-
strued as being limiting to other possible embodiments
falling within the scope of the attached claim set.

Figure 1 is an embodiment of a hearing device ac-
cording to the invention,

Figure 2 is another embodiment of the hearing de-
vice according to the invention,

Figure 3a, 3b, and 3c illustrate details of embodi-
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ments of the invention, and

Figure 4 shows a schematic illustration of a hearing
aid of the invention.

DETAILED DESCRIPTION OF AN EMBODIMENT

[0032] Figure 1 illustrates a partly assembled hearing
device 100 according to an embodiment of the invention.
The hearing device 100 is here illustrated as a behind-
the-ear (BTE) hearing aid. The hearing device 100 com-
prises an outer shell (not shown) that defines an outer
compartment. The outer shell is mounted onto and sup-
ported internally by a housing frame 102. Thus, in this
case, the housing frame 102 defines an inner limit of the
outer compartment. A sealed inner compartment 108 is
arranged within the outer compartment and is configured
to hold a receiver 104 and a rechargeable battery 106.
The receiver 104 comprises a speaker, which in this em-
bodiment is in communication with a wearer via a sound
port 110 and a sound tube connected thereto (not
shown). Sealing the inner compartment 108 solves both
protecting the rechargeable battery 106 from the sur-
roundings and protecting the receiver 104, in a space
efficient way. Thus, the hearing device 100 may be re-
duced in size while maintaining a desired level of protec-
tion of both the battery 106 and receiver 104. For in-
stance, it is seen from the figure that no wall is needed
between the rechargeable battery 106 and receiver 104,
which directly enables a space saving. Not shown in the
figure is the sealing lid for sealing the inner compartment
108 and an optional printed circuit board assembly
(PCBA) arranged in the outer compartment, outside the
sealed inner compartment. Other components of the
hearing device 100 may then also be arranged outside
the sealed inner compartment, such as one of more of a
microphone, a push button, a volume control, a magnetic
induction (M) coil, and a wireless antenna.

[0033] Figure 2 shows another embodiment of the
hearing device 100 according to the invention. This em-
bodiment relates to the embodiment of figure 1, where
like reference numerals refer to like parts, and only the
differences will be described here. In this embodiment,
a power management circuit 220 is arranged on top of
the rechargeable battery 106, i.e. within the sealed inner
compartment 108. The power management circuit 220
may be arranged in a metal housing for noise protection.
An advantage of this embodiment is that the power man-
agement circuit 220 is then also environmentally protect-
ed inside the sealed inner compartment 108. The power
management circuit 220 arranged in the sealed inner
compartment may optionally comprise a Ml coil. In other
embodiments, the MI coil may be arranged in the outer
compartment.

[0034] Figure 3a shows details of the housing frame
102 according to embodiments of the invention. These
embodiments relate to the embodiments of figures 1 and
2, where like reference numerals refer to like parts. The
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housing frame 102 shown s similar to the housing frames
102 of figure 1 and 2, but shown without the receiver 104
and rechargeable battery 106 mounted. The inner com-
partment is seen in this embodiment to comprise a re-
ceiver section 330 suitable for housing the receiver 104,
and a battery section 332 suitable for housing the re-
chargeable battery 106. The receiver section 330 and
the battery section 332 are seen to be connected via a
narrowing 334. Thus, the two sections 330, 332 are open
towards each other and not separated by wall. This is
advantageous for reducing the dimensions of the assem-
bled hearing device 100. Naturally, a separating wall may
optionally be introduced without deviating from the scope
oftheinvention. To enable sealing the inner compartment
108, a top opening 336 of the housing frame 102 may be
shaped with an architecture such as an edge for place-
ment, fixation, and sealing of a lid. For instance, a re-
cessed edge part may be arranged along the top opening
336 of the housing frame 102. In figure 3b, a lid 338 is
shown to match up with the top opening 336 of the hous-
ing frame 102. Mounting the lid 338 on the housing frame
102 may for instance be achieved by use of an adhesive
to fixate the lid 338 and seal the inner compartment 108.
Alternatively, the lid 338 may be mounted with ultrasonic
welding, ultra-violet (UV) cured glue, a press fitting, or
the like. The lid 338 may for instance be made from a
metal, a polymer, or a composite material. Figure 3c
shows a bottom side 340 of the housing frame 102. In
some embodiments, the housing frame 102 and the bot-
tom side 340 are integrally formed, forinstance by casting
or moulding.

[0035] Fig. 4 shows a schematic illustration of a hear-
ing device 100 according to the invention. The shown
hearing device 100 is a behind the ear hearing aid con-
figured for placement behind a user’s ear. The hearing
device 100 comprises an outer shell 114, which defines
an outer compartment 118. A sealed inner compartment
108 is arranged in the outer compartment 118.

[0036] The hearing device 100 comprises multiple mi-
crophones 112 arranged in the outer compartment 118
outside the inner compartment 108. The microphones
112 are configured for capturing sound and providing an
electric input signal representing the captured sound.
The hearing device 100 comprises a signal processor
116 arranged in the outer compartment 118 outside the
inner compartment 108. The signal processor 116 is cou-
pled to the microphones 112 and configured for process-
ing the electric input signal to provide an electric output
signal based on the electric input signal.

[0037] The hearing device 100 comprises an antenna
120, preferably an Ml coil, configured for wireless com-
munication, i.e. transmission and/or reception of wireless
signals, with another hearing device and/or an external
device, such as a smart phone or external microphone.
The antenna 120 is coupled to awireless communication
device, such as a radio. In the shown embodiments the
wireless communication device is incorporated in the sig-
nal processor 116 but it may also be provided by a sep-
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arate unit, such as aradio chip. The signal processor 116
may also process signals received by the antenna 120
so that the electric output signal may be based on both
the electric input signal and received wireless signals.
[0038] The hearing device 100 comprises a recharge-
able battery 106 arranged in the inner compartment 108.
The hearing device 100 further comprises a receiver 104
arranged in the inner compartment 108. The receiver 104
is coupled to the signal processor 116 and is configured
for generating an acoustic signal based on the electric
output signal. The sealed inner compartment 108 is pro-
vided with an electrical interface 122, which allows for
coupling between electric components arranged inside
the inner compartment 108, such as the rechargeable
battery 106 and the receiver 104, and electric compo-
nents arranged outside the inner compartment 108, such
as the microphones 112, the signal processor 116, and
the antenna 120, while maintaining the seal of the inner
compartment 108.

[0039] Some orall of the electric components arranged
outside the inner compartment 108, such as the micro-
phones 112, the signal processor 116, and the antenna
120, may be provided on and/or in a printed circuit board
assembly (PCBA) arranged outside the inner compart-
ment 108.

[0040] Although the present invention has been de-
scribed in connection with the specified embodiments, it
should not be construed as being in any way limited to
the presented examples. The scope of the present in-
vention is set out by the accompanying claim set. In the
context of the claims, the terms "comprising" or "com-
prises" do not exclude other possible elements or steps.
Also, the mentioning of references such as "a" or "an"
etc. should not be construed as excluding a plurality. The
use of reference signs in the claims with respect to ele-
ments indicated in the figures shall also not be construed
as limiting the scope of the invention. Furthermore, indi-
vidual features mentioned in different claims, may pos-
sibly be advantageously combined, and the mentioning
of these features in different claims does not exclude that
a combination of features is not possible and advanta-
geous.

Claims
1. A hearing device comprising:

- an outer shell, the outer shell defining an outer
compartment,

- areceiver,

- a rechargeable battery, and

- a sealed inner compartment arranged in the
outer compartment, wherein the receiver and
the rechargeable battery are both arranged in
the sealed inner compartment.

2. The hearing device according to claim 1, wherein
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the receiver and rechargeable battery combined
take up at least 40% of a volume of the sealed inner
compartment, such as at least 50% of the volume of
the sealed inner compartment, or even at least 60%
of the volume of the sealed inner compartment.

The hearing device according to any one of the pre-
ceding claims, wherein the hearing device further
comprises a power management circuit arranged in
the sealed inner compartment.

The hearing device according to any one of the pre-
ceding claims, wherein the sealed inner compart-
ment is fixed to a housing frame.

The hearing device according to any one of the pre-
ceding claims, wherein the hearing device further
comprises a magnetic induction (MI) coil, wherein
the MI coil is arranged in the outer compartment,
outside the sealed inner compartment oris arranged
in the sealed inner compartment.

The hearing device according to any one of the pre-
ceding claims, wherein the hearing device further
comprises an inductive charging coil, the inductive
charging coil being arranged inside the sealed inner
compartment.

The hearing device according to any one of the pre-
ceding claims, wherein the hearing device further
comprises a printed circuit board assembly (PCBA),
the printed circuit board assembly being arranged in
the outer compartment, outside the sealed inner
compartment.

The hearing device according to any one of the pre-
ceding claims, wherein the sealed inner compart-
ment comprises one or more openings for electrical
connections between units of the hearing device ar-
ranged in the sealed inner compartment and units in
the outer compartment, outside the sealed inner
compartment.

The hearing device according to claim 8, wherein
the one or more openings comprises sealings, the
sealings being arranged to seal with respect to sound
and/or humidity leakage along the electrical connec-
tions.

The hearing device according to any one of claims
8 and 9, wherein the sealings are separate from the
sealed inner compartment.

The hearing device according to any one of claims
8-10, wherein the sealings are molded using two-

component moulding together with the plastic frame.

The hearing device according to any one of the pre-
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ceding claims, further comprising a signal processor
arranged in the outer compartment outside the
sealed inner compartment.
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