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Description

[0001] The present invention relates to a hearing de-
vice according to the pre-characterizing part of claim 1.
[0002] A behind-the-ear hearing device (BTE) com-
prises a microphone that is arranged outside of the con-
cha. As a consequence, the directional characteristic re-
sulting from the geometry of the concha and the pinna
of the auricle of a person wearing such a BTE hearing
device is lost.
[0003] It is known either to use two microphones or to
use a differential microphone having two sound inlets to
generate a directional characteristic, also known under
the term "beam forming".
[0004] The following documents describe known
teachings of beam forming such as e.g. US 4 142 072,
US 6 876 749, US 2003/0179894 and US 4 041 251.
[0005] In particular, EP 1 443 798 provides a hearing
device with a BTE microphone arrangement whereat
beam forming provides for substantially constant ampli-
fication independent of the direction of arrival of an acous-
tical signal at a present determined frequency and pro-
vides above such frequency directivity so as to re-estab-
lish a head-related-transfer-function of the individual.
[0006] In addition, EP 1 467 593 discloses a directional
microphone with a housing comprising two membranes.
The membranes are arranged such that the housing is
divided into three compartments.
[0007] Furthermore, DE 19 640 796 discloses a pro-
tection device at the sound inlet in order to protect the
hearing device from dirt (i.e. cerumen).
[0008] One object of the present invention is to provide
a hearing device which is cost-efficient to manufacture.
[0009] At least this object is solved by the features of
a hearing device given in claim 1 according to the present
invention. Further embodiments of the invention are giv-
en in dependent claims.
[0010] The present invention relates to a hearing de-
vice comprising a microphone wherein the microphone
comprises a first opening, a second opening and at least
three compartments. Further, a first membrane is ar-
ranged between the first and the second compartment
and a second membrane at least partly covers the third
compartment, wherein the second and the third compart-
ments are connected in communicative manner via a ca-
nal. Thereby, the natural directional characteristic result-
ing from the geometry of the concha and the pinna can
be imitated.
[0011] The hearing device comprises a fourth compart-
ment, a further canal and a third membrane. The further
canal connects the fourth compartment and the first com-
partment. The third compartment comprises the second
opening where the second membrane is located and the
third membrane at least partly covers the first opening of
the fourth compartment.
[0012] In a further embodiment of the present invention
the third compartment and the fourth compartment are
of a same or of a different volume size.

[0013] A further embodiment of the present invention
the canal has an acoustical mass of >300 kg/m4.
[0014] A further embodiment a distance between the
two openings is in the range of 5mm to 15mm.
[0015] In a further embodiment of the present invention
the second membrane has an acoustical compliance ra-
tio with respect to the first membrane in a range of 0.3
to 3 according to a formula: 

wherein Cm is the compliance of the first membrane be-
low its resonance frequency and C1 is the compliance
of the second membrane. Thereby, a suitable stiffness
of the first membrane can be selected. The stiffness can
be understood as the reciprocal value of the acoustical
compliance.
[0016] In a further embodiment of the present invention
the third membrane has another acoustical compliance
ratio with respect to the second membrane in a range of
> 1.1 to 1.5 according to a formula: 

wherein C1 is the compliance of the second membrane
below its resonance frequency and C1 is the compliance
of the third membrane.
[0017] In a further illustrative example the second
membrane comprises a plastic film, e.g. made out of pol-
yester, or a metal foil made out of titanium or aluminium.
[0018] A further illustrative example is that the third
membrane comprises a plastic film, e.g. made out of pol-
yester, or a metal foil made out of titanium or aluminium.
[0019] In a further illustrative example the plastic film
or the metal foil has a thickness in the range of 2 mm to
20 mm, in particular in the range of 5 mm to 15 mm.
[0020] In a further illustrative example at least one of
the membranes comprises a passage. Thereby, atmos-
pheric pressure compensation can be achieved.
[0021] In a further illustrative example a second micro-
phone is acoustically connected to the first microphone
via a third canal. The third canal comprises a first canal
part and a second canal part.
[0022] In a further illustrative example the second mi-
crophone comprises only means for fastening and ten-
sioning the second membrane. Thereby, a cost efficient
standard microphone can be used.
[0023] In a further illustrative example a signal of the
first microphone and another signal of the second micro-
phone are electrically combined. Thereby, the two micro-
phones can be electrically combined in using only one
A/D-converter.
[0024] A sound signal is picked up in function of de-
flection of the first membrane or in function of deflection
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of the first and the second membrane or in function of
deflection of the first, the second and the third membrane
or by later superimposing of picked up sound signals.
This applies to all of the previously described embodi-
ments.
[0025] Herewith, it is noted that each of the openings
are operationally connected to one of the compartments.
By the term "operationally connected" has to be under-
stood that each of both openings are acoustically con-
nected or connected in communicative manner to a cor-
responding compartment. The openings can be sound
inlets.
[0026] The present invention is further explained by
referring to drawings showing exemplified embodiments:

Figs. 1-10 show illustrative examples of micro-
phones, which are useful for understanding the in-
vention.
Fig. 11 schematically, shows an embodiment of the
present invention;
Fig. 12 schematically, shows another embodiment
of the present invention according to figure 11;
Fig. 13 schematically, shows another embodiment
of the present invention according to figure 12;
Fig. 14 schematically, shows another embodiment
of the present invention according to figure 12;
Fig. 15 schematically, shows another embodiment
of the present invention; and
Fig. 16 shows measured directional characteristic at
different frequencies.

[0027] Herewith, it is noted that the same reference
signs used in different figures refer to the same technical
features.
[0028] Fig. 1 schematically, shows an illustrative ex-
ample of a microphone 1 comprising at least three com-
partments 2, 3, 4. A first membrane 6 is arranged be-
tween the first compartment 2 and the second compart-
ment 3. The first compartment 2 forms a first volume V1.
The first membrane 6 has a defined microphone compli-
ance Cm below its resonance frequency depending on
the material and the tension of the first membrane 6. A
second membrane 7 at least partly delimits the third com-
partment 4. A first opening 8 is arranged at the side of
the first compartment 2. The third compartment 4 com-
prises a second opening 9. The openings 8, 9 can be
sound inlets. The first opening 8 is operationally connect-
ed to the first compartment 2. The second opening 9 is
operationally connected to the third compartment 4. The
term "operationally connected" has to be understood as
acoustically connected or connected in communicative
manner, respectively. The elastic membranes 6, 7 are
tensioned to the microphone 1 by fastening means 10
like for instance holders, supports or carriers. A canal 11
of length L1 and of diameter ∅1 connects in communi-
cative manner the second and the third compartments
3, 4 to each other. The second compartment 3 forms a
second volume V2 and the third compartment 4 forms a

third volume V3.
[0029] Fig. 2 schematically, shows a further illustrative
example. The reference signs already introduced in fig-
ure 1 correspond to those used in figure 2. The difference
to the embodiment of figure 1 is that the microphone 1
comprises four compartments 2, 3, 4, 5. The fourth com-
partment 5 has a fourth volume V4. The first volume V1
and the fourth volume V4 are open to the outside resp.
to the atmosphere. The openings 8, 9 are arranged ap-
proximately in the middle of a corresponding longitudinal
side 12, 13, of the T-shaped first and fourth compart-
ments 2, 5. The canal 11 is formed as a narrowing be-
tween the second compartment 3 and the third compart-
ment 4.
[0030] Furthermore, the canal 11 is located approxi-
mately on a further corresponding longitudinal side 14,
15, of the second compartment 3 resp. of the third com-
partment 4. The openings 8, 9 are arranged at a distance
d from one to another. The distance d between the open-
ings 8, 9 is between about 5 mm to about 15mm.
[0031] In a special example, it is also conceivable that
the first compartment 2, the first membrane 6 and the
second compartment 3 can be located in a commercially
available microphone, e.g. a gradient microphone,
wherein the third compartment 4, the second membrane
7 and the fourth compartment 5 are located in a further
microphone. In this case, the two microphones (not
shown in figure 2) are connected in communicative man-
ner via the canal 11.
[0032] Fig. 3 schematically, shows a further illustrative
example. The reference signs already introduced in fig-
ures 1 and 2 correspond to the reference signs of figure
3. The difference to figures 1 and 2 is that the openings
8, 9 are arranged at upper sides 17, 18 of the correspond-
ing first resp. fourth compartment 2, 5.
[0033] Furthermore, the elongated canal 11 of diame-
ter ∅1 is located approximately on a corresponding short
side 19, 20 of the second compartment 3 resp. of the
third compartment 4.
[0034] Fig. 4 schematically, shows another illustrative
example. The reference signs already introduced in fig-
ures 1 to 3 correspond to the reference signs of figure 4.
The difference to the embodiments depicted in figures 1
to 3 is that the openings 8, 9 are located in the region of
short sides 21, 22 of the first compartment 2 and of the
second compartment 3 resp. of the third compartment 4
and of the fourth compartment 5.
[0035] Fig. 5 schematically, shows another illustrative
example according to figure 2. The reference signs al-
ready introduced in figure 2 correspond to the ones of
figure 5. A passage 23 is arranged in the second com-
partment 3. The passage 23 serves for atmospheric pres-
sure compensation. The passage 23 is arranged to the
outside of the microphone 1. The passage 23 has a size
of about 5 mm to about 35 mm, particularly about 30 mm
to about 35 mm. The passage 23 is dimensioned such
that a cutoff frequency of about 20 Hz is achieved.
[0036] Fig. 6 schematically, shows another illustrative
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example according to figure 3. The reference signs al-
ready introduced in figure 3 correspond to the ones of
figure 6. The passage 23 is located in the first membrane
6 of the microphone 1 such that the second compartment
3 is connected to the first compartment 2 wherein the
first opening 8 is arranged. This allows for atmospheric
pressure compensation between the inside and the out-
side of the microphone.
[0037] Fig. 7 schematically, shows another illustrative
example according to figure 4. Each of the membranes
6, 7 comprises one passage 23.
[0038] Fig. 8 schematically, shows another illustrative
example according to figure 2. The openings 8, 9 are
located at a top side 24 of the microphone 1 and are
covered by a protection membrane 25. The protection
membrane 25 is made out of a soft, porous material, like
for example textile.
[0039] Fig. 9 schematically, shows another illustrative
example according to figure 3. The difference to figure 8
is that only the openings 8, 9 are covered by the corre-
sponding protection membrane 25.
[0040] Fig. 10 schematically, shows another illustrative
example according to figure 4. As in figure 9, the openings
8, 9 are covered by the corresponding protection mem-
brane 25. The protection membrane 25 is made out of a
soft, porous material, like for example textile.
[0041] Fig. 11 schematically, shows an embodiment
of the present invention. The reference signs already in-
troduced in the afore-mentioned figures 1 to 10 corre-
spond to the reference signs of figure 11. A gradient mi-
crophone 26 for example comprises the second compart-
ment 3 and the third compartment 4 being connected in
communicative manner via the canal 11. The volume of
the second compartment 3 forms the second volume V2
and the volume of the third compartment 4 forms the third
volume V3. The first membrane 6 is arranged between
the first compartment 2 and the second compartment 3.
The first compartment 2 is connected in communicative
manner via a further canal 11’ to a fourth compartment
29. The fourth compartment 29 forms a fourth volume
V4’. The third Volume V3 and the fourth volume V4’ are
of the same volume size. The third compartment 4 is
covered by the second membrane 7. Furthermore, the
second membrane 7 covers the second opening 9 of the
third compartment 4. The fourth compartment 29 is cov-
ered by a third membrane 7’ such that the first opening
8 of the fourth compartment 29 is covered by the third
membrane 7’.
[0042] The second membrane 7 and the third mem-
brane 7’ are made out of different materials, possibly
each of a different thickness and a different tension. Fur-
thermore, the third volume V3 and the size of the fourth
volume V4’ are of a same volume size.
[0043] The second membrane 7 can be made out of
plastic, e.g. polyester. The membrane 7’ can be a metal
foil, e.g. a titanium or aluminium foil. It is also conceivable
that the third membrane 7’ is made out of plastic, e.g.
polyester and the second membrane 7 is a metal foil, e.g.

a titanium or aluminium foil.
[0044] Fig. 12 schematically, shows another embodi-
ment of the present invention according to figure 11. The
reference signs already introduced in figure 11 are the
same as in figure 12. The difference to figure 11 is that
the fourth volume V4’ is bigger than a third volume V3’.
Thus, the fourth compartment 29 is bigger than the third
compartment 4. It is also conceivable that the fourth com-
partment 29 and therewith its fourth volume V4’ is smaller
than the third compartment 4 having the s-ixthird volume
V3’. The membranes 7, 7’ can be made out of the same
material. The material either can be plastic, e.g. polyes-
ter, or the material can be a metal foil, e.g. a titanium or
aluminium foil.
[0045] Another difference to figure 11 is that although
the second membrane 7 and the third membrane 7’ may
be out of the same material, the surface area of the mem-
branes may be different.
[0046] Fig. 13 schematically, shows another embodi-
ment of the present invention according to figure 12,
wherein a) represents a partial side view and b) repre-
sents a partial top view of the microphone 26. The differ-
ence to figure 12 is that the second and the third mem-
branes 7, 7’ covering the corresponding openings 8, 9
form one continuous membrane 31. The shape of the
fourth compartment 29 and of the third compartment 4
is substantially rectangular.
[0047] Fig. 14 schematically, shows another embodi-
ment of the present invention according to figure 12,
wherein a) represents a partial side view and b) repre-
sents a partial top view of the microphone 26. The refer-
ence signs already introduced in figure 12 are the same
as for figure 14. The difference to figure 12 is that the
second and the third membranes 7, 7’ covering the cor-
responding openings 8, 9 form one continuous mem-
brane 31. The shape of the fourth compartment 29 and
of the third compartment 4 is substantially oval.
[0048] Fig 15 schematically, shows another example
of the present invention. A first microphone 1’ and a sec-
ond P212387 (submitted September 6, 2017)
[0049] microphone 1" are connected in communica-
tive manner via a third canal 11’’. The canal 11" compris-
es a first canal part 27 and a second canal part 28. The
first canal part 27 is arranged to the second compartment
3 and the second canal part 27 is arranged adjacent to
the third compartment 4. The first microphone 1’ com-
prises the first opening 8 and the second microphone
comprises the second opening 9. The second micro-
phone 1" comprises only means for fastening and ten-
sioning (not depicted in figure 15) the second membrane
7. It can be a commercially available cost-efficient micro-
phone. It is also conceivable that the second microphone
1" can be a standard microphone. Thereby, the signals
of the microphones 1’, 1" can be electrically combined
so that only one single analog-digital converter (A/D-con-
verter) is required.
[0050] Fig 16 shows measured directional character-
istic at a frequency of 250 Hz, 1000 Hz and at 4000 Hz
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which has been obtained with an arrangement according
to figure 15.
[0051] A sound signal is picked up in function of de-
flection of the first membrane or in function of deflection
of the first and the second membrane or in function of
deflection of the first, the second and the third membrane
or by later superimposing of picked up sound signals.
This applies to all of the previously described examples
of the figures 1 to 16.

Claims

1. A hearing device comprising a microphone (26)
wherein the microphone (26) comprises a first open-
ing (8), a second opening (9) and four compartments
(2; 3; 4; 29), a first membrane (6) being arranged
between the first and the second compartment (2;
3) and a second membrane (7) at least partly cov-
ering the second opening (9) located at the third com-
partment (4), wherein the second and the third com-
partments (3, 4) are connected in communicative
manner via a canal (11), characterized in that the
hearing device comprises a further canal (11’) and
a third membrane (7’), wherein the further canal (11’)
connects the fourth compartment (29) and the first
compartment (2), and wherein the third membrane
(7’) at least partly covers the first opening (8) located
at the fourth compartment (29).

2. A hearing device according to claim 1, character-
ized in that the third compartment (4) and the fourth
compartment (29) are of a same volume size (V3;
V4’) or of a different volume size (V3’; V4’).

3. A hearing device according to one of the claims 1 or
2, characterized in that the canal (11; 11") has an
acoustical mass (Ma) of >300 kg/m4.

4. A hearing device according to one of the claims 1 to
3, characterized in that a distance (d) between the
two openings (8; 9) is in the range of 5mm to 15mm.

5. A hearing device according to one of the claims 1 to
4, characterized in that the second membrane (7)
has an acoustical compliance ratio (Ka) with respect
to the first membrane (6) in a range of 0.3 to 3 ac-
cording to a formula (I) : 

wherein Cm is the compliance of the first membrane
(6) below its resonance frequency and C1 is the com-
pliance of the second membrane (7).

6. A hearing device according to one of the claims 1 or

2, characterized in that the third membrane (7’) has
another acoustical compliance ratio (Kb) with re-
spect to the second membrane (7) in another range
of 1.1 to 1.5 according to a formula (II): 

wherein C1 is the compliance of the second mem-
brane (7) below its resonance frequency and C2 is
the compliance of the third membrane (7’).

7. A hearing device according to one of the claims 1 to
6, characterized in that the second membrane (7)
comprises a plastic film made out of polyester or a
metal foil made out of titanium or aluminium.

8. A hearing device according to one of the claims 1 or
2, characterized in that the third membrane (7’)
comprises a plastic film made out of polyester or a
metal foil made out of titanium or aluminium.

9. A hearing device according to claim 7 or claim 8,
characterized in that the plastic film or the metal
foil has a thickness (a) in the range of 2 mm to 20
mm, in particular in the range of 5 mm to 15 mm.

10. A hearing device according to one of the claims 1 to
9, characterized in that at least one of the mem-
branes (6, 7; 7’) comprises a passage (23).

Patentansprüche

1. Hörgerät, umfassend ein Mikrophone (26), das eine
erste Öffnung (8), eine zweite Öffnung (9) und vier
Abschnitte (2; 3; 4; 29) umfasst, wobei eine erste
Membran (6) zwischen dem ersten und dem zweiten
Abschnitt (2; 3) angeordnet ist und eine zweite Mem-
bran (7) die im dritten Abschnitt (4) angeordnete
zweite Öffnung (9) mindestens teilweise abdeckt,
wobei der zweite und der dritte Abschnitt (3, 4) in
kommunikativ Art über einen Kanal (11) verbunden
sind, dadurch gekennzeichnet, dass das Hörgerät
einen weiteren Kanal (11’) und eine dritte Membran
(7’) umfasst, wobei der weitere Kanal (11’) verbindet
den vierten Abschnitt (29) und den ersten Abschnitt
(2), und wobei die dritte Membran (7’) die im vierten
Abschnitt (29) angeordnete erste Öffnung (8) min-
destens teilweise abdeckt.

2. Hörgerät nach Anspruch 1, dadurch gekennzeich-
net, dass der dritte Abschnitt (4) und der vierte Ab-
schnitt (29) die gleiche Volumengrösse (V3; V4’)
oder unterschiedliche Volumengrössen (V3’; V4’)
aufweisen.
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3. Hörgerät nach einem der Ansprüche 1 oder 2, da-
durch gekennzeichnet, dass der Kanal (11; 11’’)
eine akustische Masse (Ma) grösser als 300 Kg/m4

hat.

4. Hörgerät nach einem der Ansprüche 1 bis 3, da-
durch gekennzeichnet, dass eine Distanz (d) zwi-
schen den zwei Öffnungen (8; 9) im Bereich von 5
mm bis 15 mm ist.

5. Hörgerät nach einem der Ansprüche 1 bis 4, da-
durch gekennzeichnet, dass die zweite Membran
(7) ein akustisches Verformbarkeits-Verhältnis (Ka)
in Bezug auf die erste Membran (6) in einem Bereich
von 0.3 bis 3 nach der Formel (I) hat: 

wobei Cm die Verformbarkeit der ersten Membran
(6) unter der Resonanzfrequenz und C1 die Verform-
barkeit der zweiten Membran (7) ist.

6. Hörgerät nach einem der Ansprüche 1 oder 2, da-
durch gekennzeichnet, dass die dritte Membran
(7’) ein anderes akustische Verformbarkeit-Verhält-
nis (Kb) in Bezug auf die zweite Membran (7) in ei-
nem anderen Bereich von 1.1 bis 1.5 gemäss einer
Formel (II) hat: 

wobei C1 die Verformbarkeit der zweiten Membran
(7) unter ihrer Resonanzfrequenz und C2 die Ver-
formbarkeit der dritten Membran (7’) ist.

7. Hörgerät nach einem der Ansprüche 1 bis 6, da-
durch gekennzeichnet, dass die zweite Membran
(7) einen aus Polyester bestehenden Plastikfilm
oder eine aus Titanium oder Aluminium bestehende
Metallfolie umfasst.

8. Hörgerät nach einem der Ansprüche 1 oder 2, da-
durch gekennzeichnet, dass die dritte Membran
(7’) einen aus Polyester bestehenden Plastikfilm
oder eine aus Titanium oder Aluminium bestehende
Metallfolie umfasst.

9. Hörgerät nach Anspruch 7 oder Anspruch 8, da-
durch gekennzeichnet, dass der Plastikfilm oder
die Metallfolie eine Dicke (a) im Bereich von 2 mm
bis 20 mm, insbesondere im Bereich von 5 mm bis
15 mm hat.

10. Hörgerät nach einem der Ansprüche 1 bis 9, da-

durch gekennzeichnet, dass mindestens eine der
Membranen (6, 7; 7’) einen Durchgang (23) umfasst.

Revendications

1. Appareil auditif comprenant un microphone (26) qui
comprend une première ouverture (8), une deuxiè-
me ouverture (9) et quatre sections (2 ; 3 ; 4 ; 29),
une première membrane (6) étant agencée entre la
première et la deuxième section (2 ; 3) et une deuxiè-
me membrane (7) recouvrant au moins partiellement
la deuxième ouverture (9) agencée dans la troisième
section (4), la deuxième et troisième section (3, 4)
étant reliées de façon communicative par le biais
d’un canal (11), caractérisé en ce que l’appareil
auditif comprend un autre canal (11’) et une troisiè-
me membrane (7’), l’autre canal (11’) reliant la qua-
trième section (29) et la première section (2) et en
ce que la troisième membrane (7’) recouvre au
moins partiellement la première ouverture (8) agen-
cée dans la quatrième section (29).

2. Appareil auditif selon la revendication 1, caractérisé
en ce que la troisième section (4) et la quatrième
section (29) présentent une taille en volume identi-
que (V3 ; V4’) ou des tailles en volume différentes
(V3’ ; V4’).

3. Appareil auditif selon l’une des revendications 1 ou
2, caractérisé en ce que le canal (11 ;11’) a une
masse acoustique (Ma) supérieure à 300 Kg/m4.

4. Appareil auditif selon l’une des revendications 1 à 3,
caractérisé en ce que la distance (d) entre les deux
ouvertures (8 ; 9) est dans la plage allant de 5 mm
à 15 mm.

5. Appareil auditif selon l’une des revendications 1 à 4,
caractérisé en ce que la deuxième membrane (7)
a un rapport de déformabilité acoustique (Ka) par
rapport à la première membrane (6) dans la plage
allant de 0,3 à 3 suivant la formule (I) :

dans laquelle Cm est la déformabilité de la première
membrane (6) sous la fréquence de résonance est
C1 est la déformabilité de la deuxième membrane
(7).

6. Appareil auditif selon l’une des revendications 1 ou
2, caractérisé en ce que la troisième membrane
(7’) a un autre rapport de déformabilité acoustique
(Kb) par rapport à la deuxième membrane (7) dans
une autre plage allant de 1,1 à 1,5 suivant une for-
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mule (II) : 

dans laquelle C1 est la déformabilité de la deuxième
membrane (7) sous sa fréquence de résonance et
C2 est la déformabilité de la troisième membrane
(7’).

7. Appareil auditif selon l’une des revendications 1 à 6,
caractérisé en ce que la deuxième membrane (7)
comprend un film plastique composé de polyester
ou une feuille métallique composée de titane ou
d’aluminium.

8. Appareil auditif selon l’une des revendications 1 ou
2, caractérisé en ce que la troisième membrane
(7’) comprend un film plastique composé de polyes-
ter ou une feuille métallique composée de titane ou
d’aluminium.

9. Appareil auditif selon la revendication 7 ou 8, carac-
térisé en ce que le film plastique ou la feuille mé-
tallique a une épaisseur (a) dans la plage allant de
2 mm à 20 mm, en particulier dans la plage allant de
5 mm à 15 mm.

10. Appareil auditif selon l’une des revendications 1 à 9,
caractérisé en ce qu’au moins une des membranes
(6, 7 ; 7’) comprend un passage (23).
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