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Description

Technical field

[0001] The present invention relates to vibration generating transducers for bone conduction hearing devices.

Background of the invention

[0002] Bone conduction hearing devices are used by patients who can not use conventional air conduction hearing
aids e.g., due to chronic middle ear disease or a congenital/acquired deformity.
[0003] A traditional low cost bone conduction hearing device consists of a bone conduction transducer enclosed in a
plastic housing which is pressed with a constant pressure of 3-5 Newton against the skin over the bone behind the ear.
Microphone, amplifier, and power source are placed in their own housing at a suitable site and at a secure distance from
the transducer to avoid feedback problems. The most essential drawbacks of this type of bone conduction hearing
devices are that it is uncomfortable to wear due to the constant pressure and that the soft skin over the bone deteriorate
the transmission of vibrations to the bone.
[0004] Since the beginning of the 1980’s there is a second type bone conduction device - the bone anchored hearing
aid (BAHA) - where the bone conduction transducer is connected directly to the bone via a skin penetrating and bone
anchored implant of titanium, cf e.g., SE8107161, SE9404188 or Tjellstrom et al. 2001. In this way a bone conduction
hearing device is obtained which provides higher amplification, improved wearing comfort, and where all parts can be
enclosed in the same housing.
In the future there may be a third generation of bone conduction hearing devices where the transducer is supposed to
be implanted completely and thereby skin and soft tissue can remain intact. Signal and necessary energy can in this
case be transferred through intact skin by means of inductive coupling, as described by Håkansson et al. 2008. At more
severe hearing damages where the energy demand is large the energy can be transferred by means of skin penetrating
(percutaneous) electric connection device, cf e.g., SE9704752. The advantages implanting the whole transducer into
the temporal bone compared with a transducer being externally situated are, besides the pure medical ones, that an
increased sensitivity is obtained, the size of the externally placed unit becomes smaller and stability margins are improved.
[0005] It is of course of utmost importance that all bone conduction transducers in general and implantable ones in
particular are efficient and keep current consumption low and that the sensitivity i.e. output force over the whole frequency
range is high enough.
[0006] To achieve sufficiently high low frequency sensitivity conventional transducers are designed to have a first
resonance created from the interaction between the counterweight mass and the suspension compliance (elasticity).
Both the mass and the compliance are also needed from inherent reasons i.e. the suspension compliance is needed to
prevent air gaps from collapsing and the counter weight mass is needed to induce the forces created in the airgap to
the load. This low frequency resonance is typically placed somewhere between 200-1000 Hz and gives the transducer
a low frequency sensitivity boost. However, it is well known that bone conduction devices suffer from a limited maximum
output at high frequencies, especially if compared with air conduction devices. To improve the sensitivity of bone con-
duction transducers in the high frequency area is the major objective behind the present invention.
[0007] The present innovation is also applicable to other applications than bone conduction hearing aids such as
transducers for bone conduction communication systems, audiometric and vibration testing devices.

Prior art

[0008] A cross-section of conventional variable reluctance type bone conduction transducers are shown in Fig. 1a
and 1b (State of the Art). The transducer in Fig 1a is of the balanced type whereas the transducer in Fig 1b is of the
unbalanced type. For a more detailed description of the balanced design see for example 10/237,391 and Hakansson
2003.
[0009] Both types of transducers are supposed to be connected to a patient (Zload) either via a bone anchored implant
and a coup ling of some sort or via a casing, capsulating the transducer, which in turn is in contact with the bone tissue.
Normally in direct bone conduction applications one assumes that the load impedance i.e. the skull impedance is much
higher than the transducers mechanical output impedance i.e. the load do not significantly affect the transducers force
generating performance.
[0010] The counter weight with total mass m1 is engaging electromagnetically with the driving side of the transducer
having a total driving mass m2. One or more suspension springs with total compliance C1 is needed to maintain stable
airgaps, formed in between m1 and m2, in which the dynamic forces are created by the electromagnetic circuits (only
symbolically depicted in Fig. 1a and 1b).
[0011] The primary task of the mass m1 is to act as a counter weight for the dynamic forces generated in the airgaps
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and to create a low frequency resonance to boost the low frequency sensitivity. The resonance frequency f1 relates
approximately to Equ. 1. 

[0012] As shown in Figure 1 the mass of the coil (S2) is included in the driving mass m2 for the balanced design
whereas the coil (S1) is included in the counter weight mass m1 for the unbalanced design. The resonance frequency
may, in accordance with Equ. 1 , be lowered by either increasing the total weight of the counter weight mass m1 or
increasing the compliance of the total spring suspensions C1.
[0013] US2202906 relates to vibration translating device of inertia type that are adapted to be worn in direct contact
with the body of the user to serve for example, as a telephone receiver for audiphones or as a sound pick-up transmitter.
The vibratory element which contacts the body of the user includes a casing containing a magnet system and signal
coils and an armature adapted to move relatively to the pole-pieces of the magnet system. The masses of the magnet
system and armature are connected to the vibratory cov er of the casing through separate elements of such stiffness
that the devices constitute for mechanical vibrations a transmission line having substantially a band-pass filter charac-
teristic over the frequency range of interest.
[0014] US2500541 and US2832842 relates electromechanical energy translating devices of the inertia reaction type.
The object of the documents is to extend the frequency range of such devices without materially adding to their component
parts or materially increasing their size. EP2005788 relates to a method for producing an electromagnetic transducer
of variable reluctance type, where the transducer’s seismic mass side and load side are mounted together in a first step
while the inner and/or outer air gaps are supplied with shims in order to create balanced air gaps in an axial direction
between the bobbin core’s arms and the inner and outer yokes, whereupon in a second step the bobbin core is fixed
through the side piece to an adapter already attached in a corresponding free moving end of a spring suspension, with
compliant properties working in an axial direction and arranged between the seismic mass side and the load side in
resting state in order to maintain balanced air gaps when finally, in a third step, the shims are removed and the air gaps
are released.

Summary of the present invention

[0015] The present innovation comprise of a new design to improve the high frequency performance of bone conduction
transducers. The new design is based on that a compliant member is introduced between the driving mass of the
transducer and the load thereby creating a resonance between that compliance and the driving mass in the high frequency
region. This resonance will improve the response in that frequency region.

Description of the figures

[0016]

Figure 1a, b: Prior art - cross-section of (a) balanced and (b) unbalanced conventional variable reluctance transducer.

Figure 2: Cross-section of a preferred embodiment of the invention with the second suspension compliance perma-
nently in place.

Figure 3a, b, c: Electro-mechanical lumped parameter models of (a) prior art and (b) present innovation and (c) a
modification of present innovation.

Figure 4: Frequency responses of Prior art (P) and present innovation (solid line).

Figure 5a, b: Cross-section of a preferred embodiment of the present invention using a snap arrangement (a)
engaging internally or (b) engaging externally to a skin penetrating abutment.

Figure 6a, b: Cross-section of a preferred embodiment of the present invention for attachment of the external
transducer using a coupling engaging to an adaptor fitted into a skin penetrating abutment where the compliant
material could be placed either (a) on transducer side or (b) interiorly of the abutment.

Figure 7a, b, c: Cross-section of a preferred embodiment of the present invention for a attachment of external
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transducer by a bayonet coupling (a) where the compliant material are on the transducer side (b) or interiorly the
abutment (c).

DETAILED DESCRIPTION

[0017] A first embodiment according to the present invention is shown in Fig. 2. In this embodiment the transducer
(1) is capsulated in a housing (2) of biocompatible material for implantation in the skull bone (3). In this example a
balanced design (Fig 1a) is used but also an unbalanced design (Fig 1b) could used. The counter weight unit consisting
of soft iron material and magnets with total mass m1 (4) is engaging with driving side unit consisting of soft iron material
and including the coil with total mass m2 (5) forming small air gaps (6) in between. In order to maintain stable and
balanced airgaps there is needed a first spring suspension arrangement (7) with total compliance C1 that in one end is
attached to the seismic mass unit (4) and in the other end is attached to the driving side unit (5). The suspension spring
arrangement (7) can typically be made of one or more blade springs and they may have damping material attached (not
shown) to give the resonance peak an appropriate shape. The mass m1 of counter weight unit (4) and the compliance
C1 of the first suspension spring form a low frequency resonance f1 according to Equ. 1. This low frequency resonance
is designed to boost the low frequencies in the range from 200 to 1000 Hz.
[0018] In a conventional transducer the driving mass unit (5) is directly attached to the housing (2) whereas in this
invention a second suspension arrangement (8) with total compliance C2 is placed in between the driving mass unit (5)
and the housing (2). The housing (2) is directly attached to the skull bone (3) either directly or via a bone anchored
coupling (not shown). Hence the mass m2 and the compliance C2 form a second resonance frequency according to
Equ 2. This resonance is designed to boost the high frequencies in the range approximately from 1k to 7 k Hz 

The second suspension (8) may have some damping material (9) attached between the spring and the housing as shown
in Figure 2 or directly on the spring surface (not shown).
[0019] In Figures 3a, b, and c electro-mechanical analogue lumped parameter networks of the transducer designs
are shown. There are some more parameters in Figure 3 not described above such as the electrical input impedance
Ze, the electro-magnetic conversion factor g, the damping of the first suspension spring R1, the damping of the second
suspension spring R2 and the mechanical load impedance Zload. The load impedance Zload is the mechanical impedance
of the skull which has been described in more detail by Håkansson et al. 1986. The conventional (prior art) model is
shown in Figure 3a and the model of the new invention is shown in Figure 3b where the second suspension compliance
C2 is added. If desired some damping R2 can be added. Generally the values m2, C2 and R2 are chosen to give a
desired resonance frequency f2 and an appropriate shape of the frequency response in the high frequency region but
considering that other parameters have some influence as well. It should also be noted that appropriate damping of C2
can be achieved by the damping R1 only as R1 and R2 are in series, see Figure 3a and b. The damping of resonances
f1 and f2 can also be introduced electronically as described in SE 0302489-0 instead of using R1 and/or R2. In Figure
3c it is also shown that an additional mass m3 can be introduced between the mechanical load and the second compliance
C2 to take into account the mass of the housing or just to increase the impedance of the load to avoid interaction between
the load Zload and the resonance network m2 and C2.
[0020] In Figure 4 the graphs show the prior art frequency response (dashed line) and the frequency response of the
present innovation (solid line). It is obvious that the present innovation can give a high frequency boost shown by the
cross hatched area by up to 20 dB at the resonance frequency f2 which here is designed to be approx. 3 kHz. In this
example the improvement in sensitivity starts already slightly above 1 kHz and ends below 5kHz. This frequency range
from 1-5 kHz is very important for speech understanding. Improving the performance of the transducer in this frequency
range is main purpose with the present innovation.
[0021] In Figure 5a, b it is shown one embodiment of the present innovation where a snap coupling is modified to
create a second resonance frequency f2. In Figure 5a the snap male unit (10) constitute the second compliant member
(11) with compliance C2 that is attached to the driving mass unit (5) of the transducer. Here the compliant member (11)
is snapped into the female part formed by the skin penetrating abutment (12) that is firmly attached to the bone anchored
titanium screw (13). In Figure 5b the snap parts are reversed i.e. the female part (14) constitute the second compliant
member C2 (11) and is in one end attached to the driving mass unit (5) of the transducer and in the other snapped onto
the outer portion of the skin penetrating abutment (12). It should be noted that the snap coupling used in the present
BAHA (SE 9404188-6) is designed so that the inherent compliance that exist in any coupling is so stiff that the resonance
occurs in a frequency range above the useful range of frequencies for hearing impaired which was deemed to be around
10 kHz. In this way potential feedback problems could be avoided and it was also thought to expand the frequency range
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of the device. Therefore, if the snap coupling for a BAHA is worn out and the resonance was decreased to around 8k
Hz it should be replaced according to the instructions as it often then was also insufficiently attached and unintentionally
was released from the implant.
[0022] In Figure 6a, b other embodiments of the present innovation are shown. In Figure 6a an adapter unit (15) is
rigidly attached to the interior part of the skin penetrating abutment (12). The driving mass unit (5) of the transducer with
the compliant member (11) on top is snapped or pressed onto the adapter unit (15). In Figure 6b the coupling units are
reversed i.e. the adapter unit constitute the compliant member (11) and the driving mass unit (5) of the transducer is
snapped or coupled to it.
[0023] In Figure 7a,b,c, the coupling between the driving mass unit (5) and the skin penetrating abutment is similar to
in Figure 5a,b but here the coupling is using a bayonet principle instead of a snapping principle. In Figure 7a it is shown
that the driving mass unit (5) of the transducer with the compliant member (11) on top constituting the bayonet male unit
(16) is positioned into the adapter unit (15) in a slot or female part of bayonet coupling (17) then, as shown in Figure 7b
by the arrow, the coupling action is achieved by a turning motion by preferably 90 degrees. As shown in Figure 7c the
compliant member (11) can constitute the adapter unit 15 and hence the driving mass unit (5) is formed to constitute
the male bayonet part (16).
[0024] It is evident from the embodiments of Fig. 2, 3, 5, 6, 7 each individually or in combination that there are a number
of different possibilities to introduce the compliant member C2 in between the driving mass unit 5 and the mechanical
load Zload. Even if the specific solutions are different the technical effect i.e. enhancing the high frequency response
applies to all embodiments. This is further strengthened by that the electro-mechanical analogue models in Figure 3
apply to all possible embodiments under this innovation.
[0025] In spite of the fact that all embodiments have been presented to describe the invention it is evident that the
one skilled in the art may modify, add or reduce details without diverging from the scope and basics of the present
invention as defined in the following claims.

REFERENCE NUMBERS

[0026]

1 Transducer
2 Housing
3 Skull bone
4 Counter weight unit m1
5 Driving mass unit m2
6 Air gaps
7 First suspension spring arrangement C 1
8 Second suspension spring arrangement C2
9 Damping material R2
10 Male snap unit
11 Seconed compliant member C2, R2
12 Skin penetrating abutment
13 Bone anchored screw
14 Female snap unit
15 Adapter unit
16 Bayonet male part
17 Slot in adapter unit - female part

REFERENCES
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taneous Bone Conduction Implant System: A Feasibility Study on a Cadaver Head, Otology & Neurotology: Volume
29(8). pp 1132-1139.

Claims

1. A bone conduction transducer comprising a first seismic mass m1 and a second mass m2 connected to each other
by a first spring suspension with compliance C1, where the coil and magnetic circuits are integrated into the two
masses and are generating dynamic forces in the air gaps formed between the first and second masses when a
current is supplied to the coil, and where the first mass m1 and the first spring suspension C1 creates a first mechanical
resonance f1 in the low frequency range,
characterized in
that a second mechanical resonance f2 is created in the high frequency range by interaction between the second
mass m2 and a second spring compliance C2 that is introduced in series between the second mass m2 and the
load Zload, wherein the bone conduction transducer is attachable to skull bone either directly via a housing of the
bone conduction transducer or via a bone anchored coupling.

2. The transducer according to claim 1,
characterized in that the second mechanical resonance f2 has its maximum sensitivity in the range between 1 and
7 kHz.

3. The transducer according to claims 2,
characterized in that the second spring suspension C2 has a damping arrangement integrated.

4. The transducer according to claim 2 or 3,
characterized in that the second spring suspension C2 is attached to the skull via a biocompatible housing of an
implanted transducer with mass m3.

5. The transducer according to claim 4,
characterized in that the second suspension spring C2 is formed by a blade spring attached to the second mass
m2 in one end and attached to the housing in its other end.

6. The transducer according to claims 2 or 3,
characterized in that the second suspension spring C2 is integrated in the coupling arrangement between the
transducer and a bone anchored implant system.

7. The transducer according to claim 6,
characterized in that the attachment of the second mass m2 of the transducer to the bone anchored implant system
is provided by a snap coupling where the male or female unit constitute the second suspension spring C2 which is
made of a material that inherently has the proper compliance and damping to create the second resonance f2.

8. The transducer according to claim 6,
characterized in that the attachment of the second mass m2 of the transducer to the bone anchored implant system
is provided by a bayonet coupling where the male or female unit constitute the second suspension spring C2 which
is made of a material that inherently has the proper compliance and damping to create the second resonance f2.

9. A bone conduction hearing device comprising the transducer according to any of the claims 1-8.

Patentansprüche

1. Knochenleitungswandler mit einer ersten seismischen Masse m1 und einer zweiten Masse m2, die durch eine erste
Federaufhängung mit einer Nachgiebigkeit C1 miteinander verbunden sind, wobei die Spule und Magnetkreise in
die zwei Massen integriert sind und dynamische Kräfte in den zwischen den ersten und zweiten Massen gebildeten
Luftspalten erzeugen, wenn die Spule bestromt ist, und wobei die erste Masse m1 und die erste Federaufhängung
C1 eine erste mechanische Resonanz f1 in dem Niederfrequenzbereich erzeugen,
dadurch gekennzeichnet, dass
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eine zweite mechanische Resonanz f2 in dem Hochfrequenzbereich durch Interaktion zwischen der zweiten Masse
m2 und einer in Reihe zwischen der zweiten Masse m2 und der Last Zload eingeführten zweiten Federnachgiebigkeit
C2 hervorgerufen ist, wobei der Knochenleitungswandler entweder direkt oder mittels eines Gehäuses des Kno-
chenleitungswandlers oder mittels einer Knochenverankerungsverbindung an den Schädelknochen anzubringen ist.

2. Wandler nach Anspruch 1, dadurch gekennzeichnet, dass die zweite mechanische Resonanz f2 ihre maximale
Sensitivität in dem Bereich zwischen 1 und 7 kHz hat.

3. Wandler nach Anspruch 2, dadurch gekennzeichnet, dass die zweite Federaufhängung C2 eine integrierte Dämp-
fungsanordnung hat.

4. Wandler nach Anspruch 2 oder 3, dadurch gekennzeichnet, dass die zweite Federaufhängung C2 mittels einem
biokompatiblen Gehäuse eines implantierten Wandlers mit Masse m3 an den Schädel angebracht ist.

5. Wandler nach Anspruch 4, dadurch gekennzeichnet, dass die zweite Federaufhängung C2 als eine Blattfeder
ausgebildet ist, die mit einem Ende an die zweite Masse m2 und mit ihrem anderen Ende an das Gehäuse angebracht
ist.

6. Wandler nach Anspruch 2 oder 3, dadurch gekennzeichnet, dass die zweite Federaufhängung C2 in die Verbin-
dungsanordnung zwischen dem Wandler und einem Knochenverankerungsimplantatsystem integriert ist.

7. Wandler nach Anspruch 6, dadurch gekennzeichnet, dass die Anbringung der zweiten Masse m2 des Wandlers
an das Knochenverankerungsimplantatsystem durch eine Schnappverbindung bereitgestellt ist, wobei die männliche
oder weibliche Einheit die zweite Federaufhängung C2 darstellen, welche aus einem Material besteht, welches
inhärent die richtige Nachgiebigkeit und Dämpfung hat, um die zweite Resonanz f2 zu erzeugen.

8. Wandler nach Anspruch 6, dadurch gekennzeichnet, dass die Anbringung der zweiten Masse m2 des Wandlers
an das Knochenverankerungsimplantatsystem durch einen Bajonettverschluss bereitgestellt ist, wobei die männliche
oder weibliche Einheit die zweite Federaufhängung C2 darstellen, welche aus einem Material besteht, dass inhärent
die richtige Nachgiebigkeit und Dämpfung hat, um die zweite Resonanz f2 zu erzeugen.

9. Knochenleitungswandlerhörgerät mit dem Wandler nach mindestens einem der Ansprüche 1 bis 8.

Revendications

1. Transducteur à conduction osseuse comprenant une première masse sismique m1 et une seconde masse m2 reliées
entre elles par une première suspension à ressort de souplesse C1, où la bobine et les circuits magnétiques sont
intégrés dans les deux masses et génèrent des forces dynamiques dans les entrefers formés entre les première et
seconde masses lorsqu’un courant est fourni à la bobine, et où la première masse m1 et la première suspension à
ressort C1 créent une première résonance mécanique f1 dans la gamme des basses fréquences, caractérisé en
ce qu’une seconde résonance mécanique f2 est créée dans la gamme haute fréquence par interaction entre la
seconde masse m2 et une seconde souplesse de ressort C2 qui est introduite en série entre la seconde masse m2
et la charge Zload, où le transducteur à conduction osseuse peut être fixé à un os du crâne soit directement via un
boîtier du transducteur à conduction osseuse soit via un couplage à ancrage osseux.

2. Transducteur selon la revendication 1, caractérisé en ce que la seconde résonance mécanique f2 a sa sensibilité
maximale dans la gamme comprise entre 1 et 7 kHz.

3. Transducteur selon la revendication 2, caractérisé en ce que la seconde suspension à ressort C2 comporte un
dispositif d’amortissement intégré.

4. Transducteur selon la revendication 2 ou 3, caractérisé en ce que la seconde suspension à ressort C2 est fixée
au crâne via un boîtier biocompatible d’un transducteur implanté de masse m3.

5. Transducteur selon la revendication 4, caractérisé en ce que la seconde suspension à ressort C2 est formé par
un ressort à lame fixé à la seconde masse m2 à une extrémité et fixé au boîtier à son autre extrémité.



EP 2 412 175 B1

8

5

10

15

20

25

30

35

40

45

50

55

6. Transducteur selon les revendications 2 ou 3, caractérisé en ce que la seconde suspension à ressort C2 est intégré
dans l’agencement de couplage entre le transducteur et un système d’implant à ancrage osseux.

7. Transducteur selon la revendication 6, caractérisé en ce que la fixation de la seconde masse m2 du transducteur
sur le système d’implant à ancrage osseux est réalisée par un couplage par encliquetage où l’unité mâle ou femelle
constitue la seconde suspension à ressort C2 qui est constitué d’un matériau qui présente intrinsèquement la
souplesse et l’amortissement appropriés pour créer la seconde résonance f2.

8. Transducteur selon la revendication 6, caractérisé en ce que la fixation de la seconde masse m2 du transducteur
sur le système d’implant à ancrage osseux est assurée par un couplage à baïonnette où l’unité mâle ou femelle
constitue la seconde suspension à ressort C2 qui est constitué d’un matériau qui présente intrinsèquement la
conformité et l’amortissement appropriés pour créer la seconde résonance f2.

9. Dispositif auditif à conduction osseuse comprenant le transducteur selon l’une quelconque des revendications 1-8.
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