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(57) Abstract: An implantable hearing aid system (100) for stimulating the hearing organ (170) is disclosed. The implantable hear
ing aid system has an external transmitter unit (101) and an implantable receiver unit (136). The implantable hearing aid system in

© cludes an interconnection unit (104) to connect the external transmitter unit (101) to the head (184) of a user (172). There is a first
connection portion (103) on the external transmitter unit (101) and a second connection portion (105) on the interconnection unit
(104) to form a coupling between the interconnection unit (104) and the external transmitter unit (101) to enable connection and dis -

o connection of the external transmitter unit (101) to and from the interconnection unit (104). The interconnection unit (104) has an
adhesive surface (106) facing the skin ( 113) so that it can be adhered to the skin ( 113) on the head (184) of the user (172). The im

o plantable receiver unit (101) has a hearing stimulation device (137) to stimulate the hearing organ (170). Sound information is trans
mitted from the external transmitter unit (101) to the implantable receiver unit (136) that stimulates the hearing organ (170) of the
user (172).



IMPLANTABLE HEARING AID SYSTEM

Technical field

The present invention relates to an implantable hearing aid

system having an external transmitter unit and an implantable receiver unit,

and wherein a signal with sound information is transmitted from the

external transmitter unit to the implantable receiver unit that has a hearing

stimulation device to stimulate the hearing organ.

Background of the invention

Implantable hearing aid systems such as for example middle ear

devices, implantable bone conductors and cochlear implants include an

implanted receiver unit that receives a signal from an external transmitter

unit via an inductive link. Both sound information and electrical energy are

usually transmitted from the external transmitter unit to the implanted

receiver unit via the inductive link. The implanted receiver unit includes or

is connected to a hearing stimulation device to stimulate the hearing organ.

The hearing stimulation device may, for example, be a vibrator or an

electrode array. For these types of implantable hearing aid systems, the

external transmitter unit is usually kept in place with a magnetic

attachment, so there are magnetic materials in both the external transmitter

unit and in the implanted receiver unit. These two units attract each other to

keep the external transmitter unit in position and retained on the head of

the user.

A drawback of these systems is that the magnetic force presses

the external transmitter unit towards the skin which may cause skin

irritation or even skin necrosis. The external transmitter unit may also

accidentally slide off from the patient's head quite easily. The efficiency of

the inductive link is also quite poor since it is necessary to have a relatively

thick skin between the implanted receiver and the external transmitter unit

to avoid skin necrosis due to the constant pressure against the skin. The



magnetic material in the implanted receiver unit may also hinder or

complicate MRI (Magnetic Resonance Imaging) examinations of the user. In

case of MRI examinations, the currently available implantable hearing aids

usually require surgical removal of the magnet in the implanted receiver

unit.

To retain the external transmitter unit on the head, it has of

course been possible to attach an external transmitter unit with tape or glue

to the patients head but this has not been acceptable as a clinical solution

due to, for example, drawbacks of using glue on the external transmitter unit

making it difficult to remove. Drawbacks of using tape over the external

transmitter unit include limited access to the external transmitter unit as

well as limited aesthetics.

There is a need for more effective implantable hearing aid systems

that are reliable and do not have the drawbacks discussed above.

Summary of the invention

The present invention provides an effective solution to the above-

outlined problems with implantable hearing aid systems such as middle ear

devices, implantable bone conductors and cochlear implants. More

particularly, the implantable hearing aid system of the present invention has

a separate interconnection unit through which an external transmitter unit

is connected to the skin on the head of a user. The implantable hearing aid

system of the present invention includes an implantable receiver unit. The

external transmitter unit includes a transmitter and the implantable receiver

unit includes a receiver so that sound information or energy, or both sound

information and energy, i.e. a signal, can be transmitted from the external

transmitter unit to the implantable receiver unit. The implantable receiver

unit has a hearing stimulation device to directly or indirectly stimulate the

hearing organ of the user. The external transmitter unit has a first

connection portion. Furthermore, the interconnection unit has a first side,

that has a second connection portion, and a second side that at least partly

is provided with an adhesive component. The second side of the

interconnection unit is configured to, when in use, face a skin of a user of



the implantable hearing aid system. Preferably, the second side may

adhesively be attached to a naturally hair free area of the head of the user or

to an area where the hair has been removed. The first connection portion of

the external transmitter unit is connectable to the second connection portion

of the interconnection unit so that these two portions form a coupling. The

present invention allows the interconnection unit and the adhesive surface

to be at least partly positioned between the external transmitter unit and the

skin of the user to enable a practical and efficient use of the implantable

hearing aid system. The present invention may also allow the external

transmitter unit to be connected to and disconnected from the

interconnection unit without having to, at the same time, connect or

disconnect the interconnection unit to the skin of the user. Since the

external transmitter unit is retained on the head of the user by the adhesive,

no magnetic retention system is required, so the implantable receiver does

not require any magnet which means that the implantable receiver can be

MRI compatible without having to surgically remove any magnet from the

implantable receiver. The implantable receiver unit can also be made

smaller when no magnet needs to be included. With the present invention,

there is no significant constant pressure against the skin so there is no risk

of skin necrosis. The skin between the implantable receiver unit and the

external transmitter unit can be thinner allowing a more efficient

transmission of energy and information between the external transmitter

unit and the implantable receiver unit.

The implantable hearing aid system of the present invention is

preferably configured so that the adhesive component is a separately

arranged adhesive sheet having a first adhesive surface being connectable to

the second surface of the interconnection unit, and a second adhesive

surface configured to, when in use, being connectable to the skin of the user.

This is an efficient way of manufacturing the adhesive component on the

interconnection unit and may also enable changing a worn out adhesive

component of the interconnection unit to a new adhesive component.

The implantable hearing aid system of the present invention is

preferably configured with at least one through-hole extending from the first



side to the second side of the interconnecting unit. This allows for moisture

and air transportation through the interconnection unit which is beneficial

to the skin of the user to which the interconnection unit can be attached

with the adhesive component. Preferably, the interconnection unit has

several through-holes defined therein and the interconnection unit may also

have a porous material for the same purpose.

In a preferred embodiment of the implantable hearing aid system

of the present invention, the interconnection unit has a protective sheet

disconnectably arranged on the adhesive component such that the adhesive

component is sandwiched between the protective sheet and the

interconnection unit. The protective sheet protects the adhesive component

during transportation.

In a preferred embodiment of the implantable hearing aid system

of the present invention, the external transmitter unit is rotatable about a

rotation spot i.e. in relation to the interconnection unit about a geometric

center axis extending through a respective center portion of the first and the

second connection portions during use of the implantable hearing aid

system. With the external transmitter unit being rotatable to at least part of

a turn, it is possible to somewhat adjust the orientation of the external

transmitter unit on the head of the user when the external transmitter unit

is connected to the interconnection unit that is adhesively attached to the

skin of the user. This is practical since the orientation of the external

transmitter unit on the head of the user can then be adjusted without having

to tear off the interconnection unit from the skin to reposition it or to attach

a new interconnection unit at a new position on the skin.

In a preferred embodiment of the implantable hearing aid system

of the present invention, the second connection portion is non-centrically

positioned on the first side of the interconnection unit. The interconnection

unit may be positioned on the naturally non-hair baring area behind the ear

of the user. With the second connection portion being non-centrically

positioned on the first side, towards a rear portion of the interconnection

unit when the interconnection unit is attached to the skin behind the ear of

a user, the external transmitter unit is positioned further back to the rear,



i.e. further away from the outer ear which reduces the risk of the external

transmitter unit touching the outer ear in an uncomfortable way. It is

desirable not to have to shave off hair behind the naturally non-hair baring

area behind the ear, and the positioning of the second connection portion

towards the rear portion of the interconnection unit increases the chances of

the external transmitter unit hearing aid not touching the outer ear and the

interconnection unit still being adhesively attached to the naturally non-hair

baring area behind the ear of the user.

In a preferred embodiment of the implantable hearing aid system

of the present invention, one of the first and the second connection portion is

a female connection portion and the other one of the first and the second

connection portion is a male connection portion. Preferably, the male

connection portion is at least partly insertable into the female connection

portion. This is an efficient design that makes the coupling stable and

robust and prevents the external transmitter unit from sliding off in a

sidewise direction from the interconnection unit.

In a preferred embodiment of the implantable hearing aid system

of the present invention, the second connection portion is defining a

geometric plane. The geometric plane is perpendicular to a geometric center

axis extending through a respective center portion of the first and the second

connection portions during use of the implantable hearing aid system.

Preferably, the first connection portion is configured to be tiltably

disconnectable to the second connection portion in relation to the geometric

plane. This design allows the first connection portion to be disconnected

from the second connection portion by applying a tilting force on the external

transmitter unit when the external transmitter unit is connected to the

adhesively attached interconnection unit. This significantly reduces the risk

of tearing the adhesively attached interconnection unit off from the skin of

the user compared to if the external transmitter unit is disconnected from

the interconnection unit through a straight pulling force in a lateral

direction. The lateral direction may be a direction pointing out from the

head of a user when the implantable hearing aid system is worn by the user,

and a contra-lateral direction may be an opposite direction to the lateral



direction. The coupling is preferably configured so that the external

transmitter unit can be disconnected from the interconnection unit without

having to manually hold the interconnection unit to the skin to avoid the

interconnection unit from inadvertently being torn off from the skin.

In a preferred embodiment of the implantable hearing aid system

of the present invention, a portion of the first side is rigid in relation to the

remaining portion of the first side, and the second connection portion is

positioned on the rigid portion of the first side. It is desirable that at least a

part of the interconnection unit is sufficiently rigid and that this part is in

sufficiently rigid connection with the second connection portion so that the

interconnection unit is not significantly deformed by the torque it is exposed

to when, for example, tilting the external transmitter unit to disconnect the

external transmitter unit from the interconnection unit, since significant

deformation or bending of the interconnection unit might prevent

disconnection of the external transmitter unit through tilting. Deformation

ay also increase the risk of tearing off the interconnection unit from the

skin. It may, however, be advantageous to still have part of the

interconnection unit be more flexible since it can then more easily adapt to a

curvature of the head of a user. A part of the interconnection unit may be

transformable from a soft to a rigid state so that it can be more easily shaped

to a curvature of the head of a user, but still be sufficiently rigid when in

use. The interconnection unit may also be individually manufactured to fit

the head curvature of a user by using any available technology for this.

In a preferred embodiment of the implantable hearing aid system

of the present invention, the external transmitter unit is configured to be

rotatably disconnectable from the interconnection unit about a geometric

center axis extending through a respective center portion of the first and the

second connection portions during use of the implantable hearing aid

system. This configuration may comprise a disconnecting arrangement

having a sloped contact surface in operative engagement with a rotational

disconnection surface so that a manually applied rotational force is directed

to overcome the connection force keeping the external transmitter unit and

the interconnection unit connected to each other. In this way, the external



transmitter unit may be disconnected from the interconnection unit without

having to pull the external transmitter unit in the lateral direction to

disconnect it from the interconnection unit which may then be undesirably

torn off from the skin of the user.

In a preferred embodiment of the implantable hearing aid system

of the present invention, the second connection portion of the

interconnection unit is provided with an adhesive component so that the

second connection portion is adhesively attachable to the first connection

portion of the external transmitter unit. The interconnection unit may then

be a double-sided adhesive sheet with an adhesive component on both sides,

so that the double-sided adhesive sheet is attached to the external

transmitter unit so that the external transmitter unit with the double-sided

adhesive sheet can then be attached to the head of the user. When the

external transmitter unit is removed from the head also the interconnection

unit, being a double-sided adhesive sheet, may be removed from the head.

The double sided adhesive sheet may then be changed before attaching the

external transmitter unit to the head again. This alternative design may be

efficient since it may offer a low profile and cost efficient design of the

interconnection unit.

In a preferred embodiment of the implantable hearing aid system

of the present invention, the receiver is an induction receiver coil in the

implantable receiver unit adapted to receive electrical energy via an inductive

link from the transmitter in the external transmitter unit. The implantable

receiver unit has a through^hole being positioned substantially in the center

of the receiver coil so that the skin can grow through the hole and be fixated

to the periosteum and the bone. This is a design that offers the skin more

stability and fixation to the underlying bone than if there was no through-

hole. Since the interconnection unit is torn off from the skin on a regular

basis, it is important that the skin is well adhered to the underlying tissue.

The present invention has several advantages and may allow an

external transmitter unit to be retained on the user with an adhesive still

allowing the user to take the external transmitter unit on and off without

having to tear the adhesive off the skin.



The hearing stimulation device of the implantable receiver unit

may, for example, be a middle ear vibrator or a vibrator for generating bone

conduction vibrations. The hearing stimulation device of the implantable

receiver unit may also be a cochlear implant electrode array positioned in the

cochlea. The implantable receiver unit may consist of more than one unit

with cables extending between different units to optimize the positioning of

the different parts of the implantable receiver unit.

As described above, the implantable hearing aid system of the

present invention includes a unique combination of technologies and

provides new solutions and several advantages to meet complex user

requirements.

Brief description of the drawings

Fig. 1 is a side cross-sectional view of the implantable hearing aid

system of the present invention attached to a skull bone of a user;

Fig. 2 is a perspective side view of the implantable hearing aid

system of the present invention;

Fig. 3A is a side view of the interconnection unit of the present

invention with an adhesive component and protective part separated from

the interconnection unit;

Fig. 3B is a side view of the embodiment shown in Fig. 3A with

the adhesive component and protective part attached to the interconnection

unit;

Fig. 3C is a side view of the embodiment shown in Fig. 3B with

the protective part partially removed;

Fig. 3D is a side view of the embodiment shown in Fig. 3C with

the protective part fully removed and the embodiment attached to a skin

portion of a user;

Fig. 4 is a perspective side view of an embodiment of the

implantable hearing aid system of the present invention;

Fig. 5 A is a side view of the composition of an interconnection

unit and an external transmitter unit of an embodiment of the present

invention;



Fig. 5B is a side view of the embodiment shown in Fig. 5A where

the components have been attached to each other and the interconnection

unit is adhesively attached to a skin of a user.

Detailed description

Fig. 1 is a side overview of the implantable hearing aid system

100 of the present invention. An external transmitter unit 101 has a

transmitter 102, which may be an induction coil (shown as a cross-sectional

view), disposed therein. The external transmitter unit 101 has a first

connection portion 103. An interconnection unit 104 has a first side or

outer side 108 that faces the external transmitter unit 101, and a second

side or inner side (not marked) opposite to the first side 108. The first side

108 has a second connection portion 105. The first connection portion 103

and the second connection portion 105 form a coupling since they are

connectable to each other. The second side has an adhesive component 109.

The lateral direction (L) has been marked. A contra-lateral direction may be

a direction opposite to the lateral direction (L and a lateral side of a

component may be a side facing the lateral direction and a contra-lateral

side may be facing a contra-lateral direction. The lateral direction (L) may be

defined as the direction pointing out from or away from the patient's head

when the implantable hearing aid system 100 is connected to the skin of the

patient. The lateral side may also be called the outer side and the contra

lateral side may be called the inner side. The first side 108 may, for example,

be a lateral side of the interconnection unit 104. The adhesive component

109 has a second adhesive surface 106 at the contra- lateral side of the

adhesive component 109 so that the adhesive surface 106 faces a skin 113

of a user. Preferably, the adhesive surface 106 is removably connected to

the skin 113 on the head of a user and the first connection portion 103 is

removably connected to the second connection portion 105 of the

interconnection unit 104 by inserting a portion of the second connection

portion 103 into a cavity (not shown here) defined inside the portion 105. An

implantable receiver unit 136 includes an implantable vibrator 137 that is a



hearing stimulation device for bone conduction hearing stimulation. The

implantable receiver unit 136 is located under the skin 113 and it is fixated

to a skull bone 132 with a fixation device 133. The implantable receiver unit

136 may include a receiving induction coil 138, a driver circuit 139 that

drives the implantable vibrator 137. The implantable receiver unit 136 has a

through hole 140 defined therein through the center 180 of the receiving

induction coil 138 to allow the skin 113 to grow through the hole 140 so that

the skin 113 disposed under the adhesive interconnection unit 104 is further

fixated to the underlying skull bone 132. The external transmitter unit 101

may include a microphone (not shown) that picks up sound and the

transmission induction coil 102 transmits a signal and energy to the

receiving induction coil 138 so that the implantable vibrator 137 can provide

bone conduction hearing stimulation to the user.

A useful feature of the present invention is that the patient or

user may simply remove the external transmitter unit 101 by snapping the

connection portion 103 from the second connection portion 105, and it may,

preferably, require less force to remove the connection portion 103 from the

connection portion 105 compared to removing the adhesive component 109

from the skin 113. In this way, the patient may easily remove the external

transmitter unit 101 from the interconnection unit 104 without inadvertently

removing the interconnection unit 104 from the skin 113 of the patient. To

ensure this, the first connection portion 103 can be disconnected from the

second connection portion 105 by tilting it in relation to the connection

portion 105, thus generating significantly less pulling forces on the skin from

the adhesive surface 106 when disconnecting the external transmitter unit

101 from the interconnection unit 104 that is adhesively attached to a user.

To enable disconnecting the external transmitter unit 101 from the unit 104

with a tilting force, the unit 104 is sufficiently rigid so that the unit 104 is

not deformed or bent when applying a tilting force since such deformation or

bending may prevent the intended disconnection of the external transmitter

unit 101 from the interconnection unit 104 by using the above described

tilting force.



Preferably, the connection between connection portions 103 and

105 should have a female-male configuration such that the external

transmitter unit 101 cannot slide in a sideways direction relative to the

interconnection unit 104 i.e. in a direction that is perpendicular to the

lateral direction (L). The first connection portion 103 is, preferably, a

substantially rigid female connection portion. The second connection

portion 105 is, preferably, a male connection portion that consists of flexible

and elastic protruding spring arms so that the portion 103 can be snapped

onto the portion 105. The connection portions could be reversed so that the

first connection portion 103 is a male portion and the second connection

portion 105 is a female portion. It is also possible to make portion 105 rigid

and portion 103 flexible or elastic. When the first connection portion 103

has been snapped onto the second connection portion 105, the flexible

second connection portion 105 establishes a coupling force that keeps the

external transmitter unit 101 and the interconnection unit 104 together.

The portions 103 and 105 may also include magnetic materials that adhere

to one another so that the external transmitter unit 10 1 is magnetically

attached to the interconnection unit 104. If magnets are used, it is also

preferable that the portions 103 and 105 are configured to have mechanisms

to prevent sideways movement such as by using protruding parts that

prevent sideways movement of portion 103 relative to portion 105.

The external transmitter unit 101 may, in general, also include a

microphone, electronics, battery and volume control which are not shown in

the drawings, or the transmitter unit may be connected with a cord to

another unit that includes battery, microphone etc.

Preferably, the interconnection unit 104 has a plurality of

openings (not shown here) defined therethrough so that air and moisture

may be transported through the interconnection unit 104 to reach portions

of the patient's skin that is located below the surface 106.

The female first connection portion 103 can be turned about the

center axis of the coupling relative to the male second connection portion

105 connected thereto. This is useful since it is then possible to adjust the

orientation of the external transmitter unit 101 when it is connected to the



interconnection unit 104 attached to the user. Preferably, there should be

sufficient friction between the first connection portion 103 and the second

connection portion 105 to ensure that the external transmitter unit 101 is

still kept in an accurate position. The first side 108 has a front portion 141

and a rear portion 142. The front portion 141 is closer to the ear of the user

than the rear portion 142 when the interconnection portion 104 is adhered

to the skin 113 behind the ear 107 (best shown in Fig. 2 . The second

connection portion 105 may be eccentrically positioned on the

interconnection unit 104 so that the portion is off-center and closer to or at

the rear portion 142. One advantage of the present invention is that the

external transmitter unit 101 is then also positioned further to the rear to

prevent the external transmitter unit 101 from touching the outer ear 107 of

a user.

The second connection portion 105 may be an elastic plastic

snapping device and the first connection portion 103 may be a more durable

female connection so that the wear is on the male connection portion 105 of

the interconnection unit 104 which is frequently changed, instead of the

wear being on the external transmitter unit 101 which would need to be sent

to repair when worn out. However, it is also possible to design the portions

103 and 105 so that the male portion 105 is more wear resistant than the

female portion 103 and so that the female portion 103 is more flexible and

elastic compared to the male portion 105. To achieve a stable and durable

coupling, both the female 103 and male 105 connection portions include

some substantially rigid mechanical components. The coupling of the

implantable hearing aid system 100 of the present invention may also be an

adhesive attachment so that the connection portion 105 is an adhesive

surface that attaches adhesively to the connection portion 103, and the

interconnection unit 104 may then be a double-sided adhesive-sheet with

adhesives on both sides, and the interconnection unit 103 may then be a

disposable double-sided adhesive-sheet that may be changed every time the

external transmitter unit 101 has been taken off from the head of the user.

The implantable hearing aid system 100 may also be equipped with a

location system that facilitates finding the right spot for placing the adhesive



interconnection unit 104 so that the transmission induction coil 102 and the

receiving induction coil 138 is correctly oriented to each other to allow

optimal energy transmission. A location system may, for example, be based

on mechanical arrangements or landmarks, position indication of an

electromagnetic interaction with the receiver coil or by having a magnet in

the implantable receiver unit to facilitate positioning. The interconnection

unit 104 may one or several through-holes 116 for transportation of moist

through the interconnection unit 104 (see also Fig 4).

The implantable hearing aid system 100 may also be designed so

that one of the first and the second connection portions has a permanent

magnet, and the other of the first and the second connection portion has at

least one of a permanent magnet and a ferromagnetic material so that the

first and second connection portions are connectable to each other by

magnetism. A magnetic coupling between the external transmitter unit and

the interconnection unit may be an efficient and durable connection. A

design where, for example, one of the first connection portion and the second

connection portion is flexible in relation to the other of the first connection

portion and the second connection portion may be a more cost efficient

solution than a magnetic coupling.

A substantial part of the interconnection unit 104 can be located

between the external transmitter unit 101 and the skin 113 of the user. The

implantable hearing aid system can then be considerably limited in size on

the head of the user. The external transmitter unit 101 may be easily

connected to and disconnected from the interconnection unit 104 without

the coupling being sensitive to water and dirt when, for example, connecting

the external transmitter unit to the interconnection unit after taking a

shower. The external transmitter unit may not be waterproof and should

therefore be removed whereas the waterproof interconnection unit may stay

attached to the skin of the user also while the user, for example, takes a

shower.

Other advantages of the implantable hearing aid system of the

present invention are that the external transmitter unit can be standardized

since the coupling to the interconnection unit can be the same for more or



less all patients which is important since the external transmitter unit is

quite expensive. The interconnection unit that is more frequently changed

and fairly cost efficient to manufacture can, however, easily be manufactured

in various shapes and sizes to fit different users.

Another advantage of the implantable hearing aid system of the

present invention is that it enables the attachment of the interconnection

unit to the skin to be a separate process from the connection procedure of

the external transmitter unit. With the implantable hearing aid system of

the present invention, the attachment of the adhesive interconnection unit

can be done accurately in a controlled situation, for example, in front of a

mirror at home, and the interconnection unit then stays in this position until

it is removed after one or several days of usage. The external transmitter

unit may be connected to the interconnection unit in less controlled

situations during the day, and as long as the interconnection unit is

correctly placed, the external transmitter unit is automatically positioned

correctly on the head, for example, when connecting the external transmitter

unit to the interconnection unit on the beach after a swim. The

interconnection unit of the present invention which adheres to the skin can

be changed at an interval that is suitable for the skin, which may be every

night or it may, for example, be more seldom like every third day or once a

week. The skin can then rest during a night when the interconnection unit

is not attached.

Fig. 2 is a perspective side overview of the implantable hearing aid

system 100 of the present invention when it is in position on and attached to

the head 184 of a user 172. The external transmitter unit 101 is connected

to the interconnection unit 104 which is connected with an adhesive surface

to the skin behind the ear 107 of the user 172. Sound information and

energy may be transmitted from the external transmitter unit 101 to the

implantable receiver unit (to shown here) under the skin so that the

implantable receiver unit can stimulate the hearing organ 170 of the user

172.

Figs. 3A-3D are side views of the composition (Fig. 3A and Fig.

3B) and the application (Fig. 3C and Fig.3D) of the interconnection unit 104



of the implantable hearing aid system of the present invention. The lateral

direction (L has been marked. In Fig. 3A the separated parts are shown

before assembly in manufacturing. The interconnection unit 104 has a first

side 108, a second side 120 and an adhesive component 109 that may be a

double-sided adhesive sheet, and a protective part 10 that is useful to

protect a contra-lateral adhesive surface 106 of the adhesive component 109

during transportation and the protective part also prevents the adhesive

from attaching to the skin of a user when trying out a suitable curvature

version of the interconnection unit 104 for a specific user. A user- friendly

feature is that the adhesive component (such as a double-sided adhesive

sheet) 109 is adapted to be applied to the skin and that it allows oxygen to

penetrate therethrough. It is also possible for the user to remove the

interconnection unit 104 completely, for example, during a night so that the

skin is not permanently interfered with and can "breathe" and function

normally when the patient does not need to use the implantable hearing aid

system 100. It may also be possible to configure the adhesive component

109 as an adhesive, such as glue, that is directly applied to the second side

120 instead of configuring it as a double-side adhesive sheet. However, the

use of a double- sided adhesive sheet may be efficient in manufacturing when

applying a contra-lateral adhesive surface 106 to the second side 120. The

protective part may be a polymer sheet. The double-sided adhesive sheet or

component 109 has a lateral first adhesive surface 12 facing the first side

108. Instead of using an adhesive on the surface 112, it is also possible to

use other removable attachment mechanisms such as Velcro or separate

glue. Since the sheet 109 may be removably attached to the second side 120

it is also possible to change the sheet 109 on the interconnection unit 104 if

this is more cost efficient than just to take a new complete interconnection

unit 104 that includes a new sheet 109. In Fig. 3B, the parts shown in Fig.

3A have been assembled so that the double-sided adhesive sheet 109 has

been adhered to the second side 120, and the protective part 110 has been

attached to the other side 106 of the double-sided adhesive sheet 109 so that

the unit is ready for transportation. In Fig. 3C, the protective part 10 is

removed from the adhesive surface 106 of the double-sided adhesive sheet



109 by applying a force (F) to expose the contra-lateral adhesive surface 106.

In Fig. 3D, the interconnection unit 104 with its double-sided adhesive sheet

109 has been adhesively attached to the skin 113 on the head of a user.

Fig. 4 is a perspective side view of the implantable hearing aid

system 400 of the present invention. An external transmitter unit 401 has a

first connection portion 403. An interconnection unit 404 has a first side

our outer side 408 and a conical-shaped connection portion 405 and an

adhesive surface 406 at its contra-lateral side. The first connection portion

403 is a female coupling that has a flexible portion and a recess defined

therein. The connection portion 405 may be a rigid male coupling so that

the flexible female coupling of the connection portion 403 can be snapped

onto the male connection portion 405. Similar to the embodiment described

above the connection portions could be reversed so that the connection

portion 403 is a male portion while the connection portion 405 is a female

portion.

Because an inner diameter of the recess of the flexible female

coupling 403 is slightly smaller than an outer diameter of the male coupling

405, the flexible and elastic female coupling of first connection portion 403

generates a coupling force about the male coupling of the connection portion

405 that keeps the external transmitter unit 401 and the interconnection

unit 404 together. The first connection portion 403 also acts as a member

around the protruding second connection portion 405 that hinders the

external transmitter unit 401 from sliding off the interconnection unit 404 in

a sideways direction (i.e. a direction perpendicular to the lateral direction

(L)). The adhesive surface 406 on the contra-lateral side of the

interconnection unit 404 is preferably attached to a skin surface behind the

ear of the user (best shown in Fig. 2). The first side 408 has a rigid portion

414 and a softer flexible and bendable peripheral portion 415 to facilitate

adhesion of the adhesive surface 406 to the skin surfaces of various

curvatures. Because the rigid portion 414 is sufficiently rigid, it makes it

easier for the user to separate connection 403 from connection 405,

especially when the external transmitter unit 401 is tilted in relation to 404.

It is an important feature that the interconnection unit 404 both has a



flexible portion 415 that is adaptable to the curvature of the skull of the

patient while the rigid portion 414 makes it easier to remove the external

transmitter unit 401 from the interconnection unit 404. The interconnection

unit 404 has through holes 416 for air and moisture transportation to and

from the skin through the interconnection unit 404. The external

transmitter unit 40 1 has a transmitter coil 402 that has been visualized

therein. The implantable hearing aid system 400 has an implantable

receiver unit 436 that includes a receiving coil 438 to receive sound

information and energy from the transmitter coil 402 . The implantable

receiver unit 436 includes processor electronics 439 and a cable 446 to a

cochlear implant electrode 447 intended to be positioned in the cochlea of a

user to provide cochlear implant hearing stimulation.

Figs. 5A and 5B show side views of the composition (5A) and the

application (5B) of parts of an implantable hearing aid system of the present

invention. Preferably, the implantable hearing aid system of the present

invention also includes an implantable receiver unit which is not shown

here. In Fig. 5A, an external transmitter unit 501 and an interconnection

unit 504 are shown when the external transmitter unit 50 1 is not connected

to the interconnection unit 504. The lateral direction (L) has been marked. A

first connection portion 503 is located at the contra lateral side of the

external transmitter unit 50 1. The interconnection unit 504 is a double-

sided adhesive-sheet with a carrier sheet 522, and a second connection

portion 505 is a first adhesive component with a first adhesive surface 550

facing the external transmitter unit 50 1. The interconnection unit 504 also

has a second adhesive component 509 at the opposite side of the carrier

sheet 522 from where the second connection portion 505 is located. The

second adhesive component 509 has an adhesive surface 506 facing an

opposite direction than the first adhesive surface 550. The first adhesive

550 can be connected to a contra lateral surface 523 of the transmitter

connection portion 503. In Fig. 5B, the adhesive surface 506 has been

attached to a skin 513 of a user and the external transmitter unit 501 has

been adhesively connected to the adhesive connection portion 505. The

external transmitter unit 501 has a transmitter 502 to transmit a signal or



energy to an implanted receiver unit (not shown here). When the external

transmitter unit 50 1 is removed from the head of the user the

interconnection unit 504 is also removed. The interconnection unit 504 may

then be torn off from the surface 523 and replaced with a new

interconnection unit 504 so that the adhesion to the skin 513 is sufficiently

strong when attaching the external transmitter unit 50 1 and the

interconnection unit 504 to the head again. The external transmitter unit

501 and the first connection portion 503 may include through holes defined

therethrough to allow air and moist transportation to and from the skin 113.

The adhesive sheet 522 as well as the adhesive components may also allow

air and moist transportation to and from the skin.

The external transmitter unit may include digital processing,

directional microphones, noise reduction, feedback suppression and other

electronic and software features that are beneficial and used in any type of

regular or implantable hearing aids. The external transmitter unit may

consist of one housing unit where all electronics are included or it may

consist of two or more separate housing units where different parts of the

electronics are included in the different housings and where the separate

housing units communicate with each other via wire or through wireless

communication.

In summary, the implantable hearing aid system of the present

invention has an external transmitter unit that has a transmitter and a first

connection portion. An implantable receiver unit has a receiver to receive a

signal from the transmitter. The implantable receiver unit has a hearing

stimulation device to stimulate a hearing organ. An interconnection unit has

a first side that has a second connection portion and a second side at least

partly provided with an adhesive component. The second side is adhesively

attachable to a skin of a user. The first connection portion is removably

connectable to the second connection portion. The adhesive component is a

separately arranged adhesive sheet that has a first adhesive surface

connectable to the second side of the interconnection unit. A second

adhesive surface is connectable to the skin of the user. The interconnection

unit has at least one through-hole defined therein extending from the first



side to the second side of the interconnecting unit. The interconnection unit

has a protective sheet that is disconnectably arranged on the adhesive

component such that the adhesive component is sandwiched between the

protective sheet and the interconnection unit. The external transmitter unit

is rotatable about a rotation contact spot. The second connection portion is

non-centrically positioned on the first side of the interconnection unit. One

of the first and the second connection portion is a female connection portion

and the other of the first and the second connection portion is a male

connection portion. The male connection portion is at least partly insertable

into the female connection portion. The first connection portion is tiltably

disconnectable from the second connection portion. The first side has a rigid

portion that is more rigid than a non-rigid portion of the first side and the

second connection portion is positioned on the rigid portion of the first side.

The external transmitter unit is rotatably disconnectable from the

interconnection unit. The second connection portion of the interconnection

unit is provided with an adhesive component and the second connection

portion is adhesively attachable to the first connection portion of the external

transmitter unit. The implantable receiver unit has a receiving coil and the

implantable receiver unit has at least one through-hole defined therein and

through a center of the receiving coil.

In a method of operating the implantable hearing aid system of

the present invention, a coupling is provided between a first connection

portion of an external transmitter unit and a second connection portion at a

first side of an interconnection unit. An implantable receiver unit is provided

that has a hearing stimulation device adapted to stimulate a hearing organ

of a user. The implantable receiver is implanted under a skin on a head of

the user. The external transmitter is removably connected to the

interconnection unit. A second side of the interconnection unit is removably

attached onto the skin on the head of the user so that at least a part of the

interconnection unit is positioned between the external transmitter unit and

the skin of the user. A signal is transmitted from the external transmitter

unit to the receiver unit to stimulate the hearing organ of the user.



For all of the above embodiments several alternative designs and

combinations are possible and the invention is not limited to the preferred

embodiments presented above. While the present invention has been

described in accordance with preferred compositions and embodiments, it is

to be understood that certain substitutions and alterations may be made

thereto without departing from the spirit and scope of the following claims.



Claims:

1. A implantable hearing aid system, comprising,

an external transmitter unit (101) having a transmitter (102) and a first

connection portion (103);

an implantable receiver unit (136) having a receiver (138) to receive a signal

from the transmitter (102);

the implantable receiver unit (136) having a hearing stimulation device (137)

to stimulate a hearing organ (170);

an interconnection unit (104) having a first side (108) having a second

connection portion (105) and a second side (120) at least partly provided

with an adhesive component (109), the second side being adhesively

attachable to a skin (1 13) of a user (172), and

the first connection portion (103) being removably connectable to the second

connection portion (105).

2. The implantable hearing aid system according to claim 1, wherein the

adhesive component (109) is a separately arranged adhesive sheet having a

first adhesive surface (1 12) is connectable to the second side (120) of the

interconnection unit (104) and a second adhesive surface (106) is

connectable to the skin (1 13) of the user (172).

3. The implantable hearing aid system according to claim 1 wherein the

interconnection unit (104) has at least one through-hole (1 16) defined

therein extending from the first side (108) to the second side (120) of the

interconnecting unit (104).

4 . The implantable hearing aid system according to claim 1, wherein the

interconnection unit (104) has a protective sheet (1 10) is disconnectably

arranged on the adhesive component (109) such that the adhesive

component (109) is sandwiched between the protective sheet (1 10) and the

interconnection unit (104).



5. The implantable hearing aid system according to claim 1 wherein the

external transmitter unit (101) is rotatable in relation to the interconnection

unit 104.

6. The implantable hearing aid system according to claim 1, wherein the

second connection portion (105) is non-centrically positioned on the first side

(108) of the interconnection unit (104).

7. The implantable hearing aid system according to claim 1, wherein one of

the first and the second connection portion is a female connection portion

(403) and the other of the first and the second connection portion is a male

connection portion (405), and wherein the male connection portion (405) is

at least partly insertable into the female connection portion (403).

8. The implantable hearing aid system according to claim 1, wherein the first

connection portion (103) is tiltably disconnectable from the second

connection portion (105).

9 . The implantable hearing aid system according to claim 1, wherein the first

side (408) has a rigid portion (414) that is more rigid than a non-rigid portion

(415) of the first side (408), and the second connection portion (405) is

positioned on the rigid portion (414) of the first side (408).

10. The implantable hearing aid system according to claim 1, wherein the

external transmitter unit (101) is rotatably disconnectable from the

interconnection unit (104) .

11. The implantable hearing aid system according to claim 1, wherein the

second connection portion (105) of the interconnection unit (104) is provided

with an adhesive component (109) and the second connection portion (105)

is adhesively attachable to the first connection portion (103) of the external

transmitter unit (101).



12. The implantable hearing aid system according to claim , wherein the

implantable receiver unit (136) has a receiving coil (138) and wherein the

implantable receiver unit (136) has at least one through-hole (140) defined

therein and through a center (180) of the receiving coil (138).

13. A method of operating an implantable hearing aid system, comprising,

providing a coupling between a first connection portion (103) of an external

transmitter unit (101) and a second connection portion (105) at a first side

(108) of an interconnection unit (104),

providing an implantable receiver unit (136) having a hearing stimulation

device (137) adapted to stimulate a hearing organ (170) of a user (1 2),

implanting the implantable receiver unit (136) under a skin (1 13) on a head

(184) of the user (172);

removably connecting the external transmitter unit (101) to the

interconnection unit (104),

removably attaching a second side (120) of the interconnection unit (104)

onto the skin (1 13) on the head (184) of the user (172) so that at least a part

of the interconnection unit (104) is being positioned between the external

transmitter unit (101) and the skin (1 13) of the user (172), and

transmitting a signal from the external transmitter unit (101) to the

implantable receiver unit (136) to stimulate the hearing organ (170) of the

user (172).
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