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(54) Hearing device partially insertable into an ear canal

(57) The hearing device (1) comprises an insertable
part (16), which is to be inserted into an ear canal of a
user of the hearing device (1). The insertable part (16)
may be identical with the hearing device (1) itself, and
the insertable part (16) comprises a casing, which casing
comprises a deformable part (2). The hearing device (1)
comprises means for changing a cross- �sectional area
(20) of the deformable part (2), which change in the cross-
sectional area (20) is reversible. The means for changing
a cross-�sectional area (20) of the deformable part (2)

may comprise at least one deformable volume (5) con-
taining a fixed amount of a filler (4). The means can be
a means for changing the cross-�sectional area (20) of
the deformable part (2) through changing the axial ex-
tension of the deformable part (2). The means can be a
volume capacity change means for changing the cross-
sectional area (20) of the deformable part (2) through
changing the capacity of a variable volume arranged
within the hearing device (1), the deformable part (2) be-
ing arranged on the outside of the variable volume.
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Description

Technical Field

�[0001] The invention relates to a hearing device, at
least a part of which is to be inserted into an ear canal
of a user wearing the hearing device. The hearing device
can be a hearing aid, an earphone, a hearing protection
device, a communication device or the like. Furthermore,
the invention relates to a method for inserting an insert-
able part of a hearing device into an ear canal of a user
of the hearing device, a method for taking an insertable
part of a hearing device out of an ear canal of a user of
the hearing device, and a method of manufacture of a
hearing device.

Background of the Invention

�[0002] In-�the- �ear (ITE) hearing devices are, at least in
part, to be worn in a user’s ear canal. Usually, the geom-
etry of the user’s ear canal is precisely measured, and
thereupon a hard polymer casing for housing a transduc-
er, a signal processor, a battery and the like is produced,
which casing is, accordingly, individually shaped for the
user’s ear canal. Nevertheless, it happens that the casing
gives rise to a sore in the ear canal, due to changes in
cross-�section of the ear canal.
�[0003] It is known from the art to provide the hard cas-
ing of an ITE hearing device with a soft coating on the
outside of the casing in order to prevent such sores.
�[0004] It can be advantageous to have a rather tight fit
of the hearing device in the ear canal, because this re-
duces the risk of feedback when a high amplification gain
is used. A defined opening ("vent") can provide for a de-
fined air-�penetrable connection between the inner part
of the ear and the outside, which has a low risk of causing
feedback. The vent equalizes pressure differences be-
tween the inside of the ear canal and the outside. The
vent also suppresses the occurrence of low pressure
(vacuum) in the inside of the ear canal when the hearing
device is pulled out of the ear canal. Such a vacuum can
occur when the ear canal is sealed by the hearing device
and when the vent is plugged. This is unpleasant to the
user, because the vacuum tends to pull the ear drum.
�[0005] From DE 10 2004 010 866 A1, an insertion el-
ement is known, which can be connected to a behind-
the-�ear (BTE) hearing aid. The insertion element can
support a supply line of the BTE hearing aid, which supply
line can carry a signal from the BTE hearing device. The
insertion element comprises a balloon, which can be
filled, e.g., with a gas or a liquid, and emptied. The inser-
tion element is inserted into a user’s ear canal when the
balloon is emptied. For filling the balloon, a syringe con-
taining said gas or liquid can be connected via a tube to
the balloon, and said gas or liquid can be filled into the
balloon. The formerly small balloon will thereupon en-
large and adapts to the shape of the ear canal. It seems
inconvenient to have to have a syringe or the like and

the gas or liquid available whenever the insertion element
shall be pumped up. Furthermore, it appears difficult, to
properly adjust the pressure exerted on the inside of the
ear canal by means of the syringe each time. In addition,
it appears inconvenient to have to close the balloon (or
tube) properly after filling it with the gas or liquid.

Summary of the Invention

�[0006] A goal of the invention is to create a hearing
device that does not have the problems mentioned
above. A hearing device shall be created, which avoids
sores. In addition, a method for inserting an insertable
part of a hearing device into an ear canal of a user of the
hearing device and a method for taking an insertable part
of a hearing device out of an ear canal of a user of the
hearing device and a method of manufacture of a hearing
device shall be provided for.
�[0007] Another object of the invention is to provide for
a hearing device, which prevents the build- �up of an un-
pleasant vaccum (low pressure) in the user’s ear when
pulling it out of the ear canal.
�[0008] Another object of the invention is to provide for
a hearing device, which provides for a good and pleasant
fit in the user’s ear canal without the need of precisely
measuring the ear canal.
�[0009] Another object of the invention is to provide for
a hearing device, which properly fits not only one, but a
large number of ear canals.
�[0010] Another object of the invention is to provide for
a hearing device, which can be handled easily and safely.
�[0011] Another object of the invention is to provide for
a hearing device, which provides for convenient insertion
and taking out.
�[0012] Another object of the invention is to provide for
a hearing device, which properly fits a user’s ear canal
even when the geometry of his ear canal, in particular
the cross- �section of the ear canal changes, e.g., while
the user is chewing or yawning.
�[0013] These objects are achieved by a hearing device
and by the methods according to the patent claims.
�[0014] The hearing device comprises an insertable
part, which is to be inserted into an ear canal of a user
of the hearing device, and which insertable part may be
identical with the hearing device itself, wherein the in-
sertable part comprises a casing, which casing compris-
es a deformable part, and wherein the hearing device
comprises means for changing a cross-�sectional area of
the deformable part, which change in the cross-�sectional
area is reversible.
�[0015] Through this the above-�mentioned objects can
be achieved.
�[0016] The hearing device can be a hearing aid, an
earphone, a hearing protection device, a communication
device or the like. The hearing device can be an in-�the-
ear (ITE) model, in particular, an in-�the- �canal (ITC) model
or a completely-�in- �the-�canal (CIC) model. In case of an
ITC or a CIC model, typically the insertable part of the
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hearing device is identical with the hearing device itself.
�[0017] The casing usually forms an outer shell of the
insertable part.
�[0018] The means for changing a cross-�sectional area
of the deformable part may, e.g., allow to reduce a cross-
sectional area of the deformable part before and/or while
inserting the insertable part into a desired position within
the ear canal (e.g., before and/or while moving the in-
sertable part into the desired position). This way, it is
easy and painless to insert the insertable part. Due to
the reduced cross-�sectional area no or only little friction
has to be overcome during insertion. Once in the desired
position, the cross-�sectional area may be allowed to in-
crease again, which allows for a proper (but soft) fit of
the insertable part in the ear canal.
�[0019] In another embodiment, the means for chang-
ing a cross-�sectional area of the deformable part may,
e.g., allow to increase a cross-�sectional area of the de-
formable part after having inserted the insertable part
into a desired position within the ear canal. Again, no or
only little friction has to be overcome during insertion,
and a proper fit of the insertable part in the ear canal is
readily achieved.
�[0020] Either the reduction of a cross-�sectional area
of the deformable part solely due to its deformability
(made use of when inserting the insertable part into an
ear canal of a smaller cross-�sectional area than the cross-
sectional area of the deformable part and pushing) shall
not be considered a means for changing a cross-�section-
al area of the deformable part, or the means for changing
a cross-�sectional area of the deformable part according
to the invention shall be considered a means for changing
a cross- �sectional area of the deformable part in addition
to the deformability of the deformable part (made use of
when inserting the insertable part into an ear canal of a
smaller cross-�sectional area than the cross-�sectional ar-
ea of the deformable part and pushing).
�[0021] The means for changing a cross-�sectional area
of the deformable part are, in full, a part of the hearing
device. While the insertable part is worn in the user’s ear
canal, the means for changing a cross-�sectional area of
the deformable part are usually, in full, worn near or in
the user’s ear.
�[0022] The change in cross- �sectional area (increase
and/or reduction) achieved by means of the means for
changing a cross-�sectional area of the deformable part
typically is reversible, since it shall usually be redone
upon every insertion or pull-�out of the insertable part. The
change in cross-�sectional area can be redoable and re-
peatedly achievable.
�[0023] An axial coordinate of the insertable part is de-
fined as running along the extension of the user’s ear
canal, when the insertable part is inserted in the ear ca-
nal, and the radial coordinate is defined as being perpen-
dicular to the axial coordinate.
�[0024] Through the axial coordinate, an axial direction
is defined.
�[0025] The cross-�sectional area is the area of a cross-

section (of the deformable part) perpendicular to the axial
direction at some axial coordinate. Usually, the cross-
sectional areas of cross-�sections along a considerable
range of axial coordinates is changed by means of the
means for changing a cross- �sectional area of the deform-
able part.
�[0026] The means for changing a cross-�sectional area
of the deformable part can also be understood as means
for changing a radial extension of the deformable part,
wherein an axial coordinate of the insertable part is de-
fined as running along the extension of the user’s ear
canal, when the insertable part is inserted in the ear ca-
nal, and wherein the radial coordinate is defined as being
perpendicular to the axial coordinate. In this view, a gen-
eralized "diameter" of the (not necessarily roundish) de-
formable part is changed by means of the means.
�[0027] In one embodiment, at least one section of the
deformable part is to be in contact with the inside of the
user’s ear canal when the insertable part is inserted (to
a desired position) in the user’s ear canal, i.e., after the
insertion of the insertable part. A pleasant fit can thus be
achieved, without sores and even while chewing or yawn-
ing.
�[0028] In one embodiment, the deformable part is de-
formable in a substantially elastic way. The deformable
part can be reversibly deformable. The deformable part
can be considered a flexible part. The flexible part has a
flexible shape.
�[0029] In one embodiment, the at least one section of
the deformable part to be in contact with the inside of the
user’s ear canal may be in contact with the inside of the
user’s ear canal all the way along a cross-�section of the
ear canal. If a vent is provided in this embodiment, the
vent shall be the only opening connecting the inside with
the outside, even during chewing or yawning. The at least
one section of the deformable part to be in contact with
the inside of the user’s ear canal may have a circumfer-
entially arranged part, which part is to seal the user’s ear
canal or an inner part of the user’s ear canal with respect
to the outside, when the insertable part is inserted in the
user’s ear canal.
�[0030] This reduces the risk of feedback in case that
the hearing device provides for amplification of sound.
The insertable part may nevertheless have a vent. The
vent can provide for an equalization of a pressure differ-
ence between the inner part of the ear canal and the
outside.
�[0031] In one embodiment, the deformable part com-
prises a flexibly deformable material. The deformable
part can consist substantially of a flexibly deformable ma-
terial. The e.g., be a biocompatible silicone or medical
grade (i.e. be accepted by the human body without ad-
verse reaction). Such silicones are well known in the field
of medicine, in particular in plastic surgery. The proper-
ties of silicone, as far as stiffness, softness or gel prop-
erties are concerned, can be tailored in a wide range.
�[0032] In one embodiment, the deformable part forms
at least one circumferential section of the casing.
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�[0033] In one embodiment, the hearing device com-
prises means for changing the cross-�sectional area of
the deformable part through changing the axial extension
of the deformable part. The hearing device can be con-
structed such that stretching or lengthening or compress-
ing or shortening the insertable part is transformed into
a change in cross-�sectional area of the insertable part.
�[0034] One way to implement such a transformation is
by using a deformable volume containing a filler. The
volume capacity of such a deformable volume remains,
under conditions to which a hearing device is usually ex-
posed, (practically) constant. An enlargement of the vol-
ume in one direction can introduce a decrease in size
along another direction.
�[0035] In one embodiment, the casing houses at least
one deformable volume containing a filler (in particular,
a substantially incompressible filler), the cross-�sectional
area of the at least one deformable volume being coupled
to the cross- �sectional area of the deformable part. The
filler can comprise at least one of the group comprising
a liquid, a gel, a granulate. A mixture of various of such
fillers is also possible.
�[0036] In one embodiment, the amount of filler remains
constant during normal use of the hearing device. Normal
use of the hearing device comprises inserting the insert-
able part into the ear canal, taking the insertable part out
of the ear canal and wearing the insertable part in the
ear canal.
�[0037] The filler (the full amount of filler) remains after
manufacture of the hearing device within the hearing de-
vice, wherein the manufacture may comprise a fitting of
the hearing device to the user’s ear canal, i.e., a fitter
may adjust the required amount of filler to the user’s
needs. The user shall (or can) not change the amount of
filler.
�[0038] In one embodiment, the deformable part com-
prises a flexibly deformable material, in which the at least
one deformable volume is enclosed. The flexibly deform-
able material can be confining the deformable volume.
�[0039] In one embodiment, the means for changing
the cross-�sectional area of the deformable part through
changing the axial extension (from now on also "length")
of the deformable part comprises means for converting
a mechanical force, in particular an axial force, into a
change in the length of the deformable part. A mechanical
force, e.g., a pressing or pulling provided by the user,
may be used in order to change the length of the deform-
able part, thus resulting in a change in cross-�sectional
area. A good fit of the deformable part in the ear canal
can thus be achieved.
�[0040] In one embodiment, the means for changing
the cross-�sectional area of the deformable part through
changing the axial extension of the deformable part com-
prises an axially movable element, which can be axially
moved relative to a part of the insertable part upon a
user’s action. The axially movable element can be stick-
like. The axially movable element can be extended at
least as long as a substantial part of the axial extension

of the insertable part. The axially movable element can
be mechanically coupled to one end of the insertable part
or one end of the hearing device.
�[0041] In one embodiment, the axially movable ele-
ment extends through and is movable relative to an outer
end of the insertable part, which outer end is directed
versus the outside of the user’s ear when the insertable
part is inserted in the ear canal. The outer end may be a
stop for the axially movable element. The outer end may
be formed by an end plate comprising a user interface,
e.g., with a volume wheel, a program change button and
the like. At least a part of the axially movable element
can be identical with at least a part of the user interface.
The outer end may be substantially rigid.
�[0042] In one embodiment, the hearing device com-
prises a volume capacity change means for changing the
cross-�sectional area of the deformable part through
changing the capacity of a variable volume arranged
within the hearing device, the deformable part being ar-
ranged on the outside of the variable volume.
�[0043] In that case, the variable volume may comprise
the at least one deformable volume mentioned above.
�[0044] In one embodiment, the volume capacity
change means comprises a voluminous element and a
deformable filler, the deformable filler being arranged
within the variable volume, and the voluminous element
being introducible into the variable volume, so as to cause
an increase of the capacity of the variable volume, and
the voluminous element being removable from the vari-
able volume, so as to cause a decrease of the capacity
of the variable volume. An increase or decrease of the
volume capacity of the variable volume will lead to a
change in the cross-�sectional area of the deformable
part.
�[0045] In that case, the deformable filler may be (but
not necessarily has to be) identified with the filler men-
tioned above.
�[0046] The volume element usually has a constant
(fiexd) voliume capacity. Its shape will usually remain un-
changed during its insertion into the variable volume. It
may be a solid, it may be rigid. It may be non- �fluid.
�[0047] In one embodiment, the deformable filler is sub-
stantially incompressible. This way a maximum change
in cross-�sectional area per change in volume capacity is
achieved. The deformable filler can comprise at least one
of the group consisting of a liquid, a gel, a granulate. It
may also be a gas. It may also be a mixture of some of
such substances.
�[0048] In one embodiment, the voluminous element
comprises at least a part of a battery and/or at least a
part of a control element of the hearing device. This saves
space, which is valuable, since hearing devices usually
have to be very small.
�[0049] In one embodiment, the volume element is in-
troducible into the variable volume by means of at least
a part of a battery door of the hearing device.
�[0050] In one embodiment, the insertable part contains
at least one transducer for converting electrical signals
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into sound.
�[0051] In one embodiment, the insertable part contains
at least one signal processor for sound processing.
�[0052] In one embodiment, the insertable part contains
at least one amplifier for amplifying audio signals in elec-
trical form.
�[0053] In one embodiment, the insertable part contains
at least one transducer for converting sound into electri-
cal signals, e.g., a microphone.
�[0054] In one embodiment, the hearing device com-
prises a user interface comprising at least one control
element, which at least one control element is at least
partially identical with at least a part of the means for
changing the cross- �sectional area of the deformable part.
�[0055] The method for inserting an insertable part of a
hearing device into an ear canal of a user of the hearing
device, wherein the insertable part may be identical with
the hearing device itself, and wherein the insertable part
comprises a casing, which casing comprises a deform-
able part, comprises the steps of
�[0056] either

- reducing a cross- �sectional area of the deformable
part by using means for changing a cross-�sectional
area of the deformable part, the means being com-
prised in the hearing device,

- moving the insertable part into the ear canal, and

- then allowing the cross-�sectional area of the deform-
able part to increase; or

- moving the insertable part into the ear canal, and

- then increasing the cross-�sectional area of the de-
formable part by using means for changing a cross-
sectional area of the deformable part, the means be-
ing comprised in the hearing device.

�[0057] In one embodiment, said means comprise at
least one deformable volume containing an amount of a
filler, and the method further comprises the step of keep-
ing said amount of said filler constant. I.e., while allowing
the cross- �sectional area of the deformable part to in-
crease and when increasing the cross-�sectional area of
the deformable part as indicated above, respectively, the
amount of filler in the hearing device remains constant.
�[0058] The method for taking an insertable part of a
hearing device out of an ear canal of a user of the hearing
device, wherein the insertable part may be identical with
the hearing device itself, and wherein the insertable part
comprises a casing, which casing comprises a deform-
able part, comprises the steps of

- reducing a cross- �sectional area of the deformable
part by using means for changing a cross-�sectional
area of the deformable part, the means being com-
prised in the hearing device, and

- moving the insertable part out of the ear canal.

�[0059] In one embodiment, said means comprise at
least one deformable volume containing an amount of a
filler, and the method further comprises the step of keep-
ing said amount of said filler constant. I.e., while reducing
a cross- �sectional area of the deformable part, the amount
of filler in the hearing device remains constant (is un-
changed).
�[0060] The method of manufacture of a hearing device
comprising an insertable part, which is to be inserted into
an ear canal of a user of the hearing device, and which
insertable part may be identical with the hearing device
itself, wherein the insertable part comprises a casing,
which casing comprises a deformable part, comprises
the steps of

- incorporating in said hearing device a means for
changing a cross-�sectional area of the deformable
part, which change in the cross-�sectional area is re-
versible;

- incorporating in said means for changing a cross-
sectional area of the deformable part at least one
deformable volume, the cross- �sectional area of the
at least one deformable volume being coupled to the
cross- �sectional area of the deformable part;

- incorporating in said at least one deformable volume
an amount of a filler, which amount of said filler is to
remain constant during normal use of the hearing
device.

�[0061] The method of manufacture may comprise th
step of sealing said filler in a way that prevents the user
from adding or removing filler, i.e., in a way that keeps
the user from changing the amount of filler in the hearing
device.
�[0062] Further preferred embodiments and advantag-
es emerge from the dependent claims and the figures.

Brief Description of the Drawings

�[0063] Below, the invention is described in more detail
by means of examples and the included drawings. The
figures show schematically:�

Fig. 1 a side view of a cut through an in-�the-�ear (ITE)
hearing device, as inserted in an ear canal;

Fig. 2 a side view of a cut through a stretched in- �the-
ear (ITE) hearing device, as being moved into an ear
canal;

Fig. 3 a side view of a cut through an in-�the-�ear (ITE)
hearing device with a gel-�filled toroid, as inserted in
an ear canal;
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Fig. 4 a side view of a cut through an in-�the-�ear (ITE)
hearing device, as inserted in an ear canal;

Fig. 5 a side view of a cut through an in-�the-�ear (ITE)
hearing device, as being moved out of an ear canal.

�[0064] The reference symbols used in the figures and
their meaning are summarized in the list of reference
symbols. The described embodiments are meant as ex-
amples and shall not confine the invention.

Ways to Implement the Invention

�[0065] Fig. 1 schematically shows, as an example for
a hearing device 1, a side view of a cut through an in-
the- �ear (ITE) hearing device 1, more specifically an in-
the- �canal (ITC) hearing device 1, as inserted in an ear
canal. The hearing device 1 can be a hearing aid, an
earphone, a hearing protection device, a communication
device or the like.
�[0066] The hearing device 1 is to be inserted fully into
an ear canal. Accordingly, the hearing device 1 is iden-
tical with an insertable part 16 of the hearing device 1.
In case of hearing devices comprising a remote control,
a microphone that is separable from the insertable part,
or the like, the insertable part 16 of the hearing device 1
would be one of several parts of the hearing device 1.
�[0067] The insertable part 16 has a casing, which
houses a transducer 3 (loudspeaker, receiver) and other
parts of the insertable part 16, typically also a signal proc-
essor, an amplifier, a battery (not shown in Fig. 1). The
casing forms an outer shell of the insertable part 16. The
casing comprises an outer end 7, which is in the embod-
iment Fig. 1 formed by an end plate (face plate) compris-
ing a user interface. The outer end is typically rigid. It
may comprise controls 9 by means of which the user of
the hearing device 1 can influence the operation of the
hearing device. In Fig. 1, a volume wheel 9 is shown as
an example. A thread by means of which the insertable
part 16 can be removed from the ear canal by pulling is
attached to the outer end 7.
�[0068] The casing furthermore has an inner end 15
and side walls, which are made of silicone 2. The side
walls (and possibly also the inner end 15) form a deform-
able part 2 of the casing. On the inside of the deformable
part 2 a deformable volume 5 is formed, which may con-
tain a filler 4. That filler 4 can be a gel 4, e.g., a silicone
gel. A deformation of the deformable part 2 will result in
a deformation of the deformable volume 5.
�[0069] It is possible to form the whole casing as a de-
formable part 2. The casing can be made of a silicone.
The outer end 7 can, e.g., if it comprises a user interface,
be formed from a stiffer silicone than another part of the
casing, e.g., the side walls.
�[0070] When the insertable part 16 is inserted in a de-
sired position in an ear canal, the outer end 7 is located
towards the outside of the ear canal, and the inner end
15 is located towards the inside of the ear canal (towards

the ear drum). The dashed line indicates an approximate
axis z as defined through the shape of the ear canal. The
dotted arrows indicate a radial coordinate r (or radial di-
rections), which is perpendicular to the axial coordinate
z. Referring to a "’length" of the insertable part 16 (or of
the deformable part) refers to the axial extension of the
insertable part 16 (or of the deformable part). The length
may be defined as the distance between the two opposite
ends 7,15 of the insertable part 16 in axial direction.
�[0071] When inserted in a desired position in an ear
canal (Fig. 1), the shape of the deformable part 2 is such
that it touches the inside of the ear canal at least along
approximately a ring, or in a more two-�dimensional way.
When the insertable part 16 is removed from the ear ca-
nal, a cross- �sectional area 20 of the deformable part 2
would be larger than in the inserted state shown in Fig.
1. In Fig. 1 the cross-�section having the cross-�sectional
area 20 is indicated as a dotted ellipse. The cross-�section
can be aligned perpendicular to the axial direction z
(aligned perpendicular to one local axial direction z).
�[0072] In order to allow for some ventilation between
the inside of the ear canal and the outside, a small open-
ing extending from the inner end 15 to the outer end 7 of
the insertable part 16 ("vent") may be foreseen (not
shown).
�[0073] The insertable part 16 comprises a stick 6,
which is mechanically coupled to the inner end 15 and,
more precisely, to the transducer 3. The stick 6 extends
through the end plate 7 and can be moved, approximately
in an axial direction.
�[0074] Fig. 2 shows the insertable part 16 of Fig. 1
when a user pushes the stick 6 towards the inner end 15
(push indicated in Fig. 2 by the large arrow). Due to the
deformability of the deformable part 2, the length of the
deformable part 2 will increase. The increased length will
lead to a reduced cross-�sectional area 20 of the deform-
able part 2 (and, in fact to reduced cross-�sectional areas
of numerous other cross-�sections nearby). Also, a radial
extension of the deformable part 2, e.g., within the indi-
cated cross-�section, will be reduced.
�[0075] The coupling between change in length and
(opposite) change in cross-�sectional area 20 can be im-
proved when the filler 4 is substantially incompressible.
The coupling can furthermore be improved by adequately
forming the deformable part 2, in particular the thickness
and/or the material composition of the side walls.
�[0076] It is also possible to have an integrally formed
deformable part 2, wherein it is furthermore possible to
vary the material composition in axial and/or radial direc-
tion. In the case of silicone it is possible to vary the stiff-
ness and deformability of the material by varying the
structure of the silicone and varying the water content or
other material parameters.
�[0077] Upon pushing the stick 6, the deformable part
2 will be lengthened (stretched), and its cross-�sectional
area 20 will be reduced. In this shape (shown in Fig. 2)
the user can move the insertable part 2 into the ear canal.
The cross- �sectional area 20 should be smaller than the
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cross-�sectional area 20 of the ear canal at the corre-
sponding places. hen a desired position of the insertable
part 16 within the ear canal is reached, the used can
release the stick 6 (stop pressing against it), and the de-
formable part 16 will try to regain its normal (relaxed)
shape and the stick 6 will, to a small extent, move back
towards the outside. The cross-�sectional area 20 will in-
crease until the deformable part 2 is, at least in some
places, in contact with the inner surface of the ear canal.
The corresponding shape is again the shape shown in
Fig. 1. The shape is usually given by the general shape
of the ear canal and by the flexibilty of the deformable
part 2.
�[0078] Instead of pushing against the transducer 3, the
stick 6 could also push against the inner end 15 (possibly
made from a rigid material) or against some other part
of the insertable part 16 (signal processor, amplifier). It
is also possible push with the stick 6 against a membrane
containing the filler 4; in that case, the size of the stick
or the size of a piston attached to the stick 6 may be
changed in order to change the stretching achieved by
exerting a certain force on the stick 6.
�[0079] In another embodiment, similar to the one of
Figs. 1 and 2, the normal (relaxed) shape of the insertable
part 16 could be like the one shown in Fig. 2 (thin and
long). After having moved the insertable part into a de-
sired position within the ear canal, the user could then
pull the stick 6 in order to decrease the length of the
deformable part 2, and the cross- �sectional area 20 would
increase so as to provide for a proper fit of the insertable
device 16 in the ear canal. The shape would then be as
shown in Fig. 1. The stick 6 would be fixed to the trans-
ducer 3 or another part of the insertable part 16. In the
final, pulled position (compare Fig. 1), the stick 6 could
be fixed, e.g., by means of a little hook or by squeezing
it into a slit in the opening of the end plate 7. When the
axially movable element 6 is to be pulled by the user, it
could also be a thread instead of a stick 6. This mecha-
nism may be mechanically combined with a battery door
of the hearing device and/or with the thread 8.
�[0080] Instead of by mechanical means as shown in
Figs. 1 and 2, a force for changing the shape (cross-
sectional area, and possibly also length) of the deform-
able part 2 could also be otherwise provided for; e .g.,
magnetically, by incorporating at least one small powerful
(permanent) magnet in the insertable part (towards the
inner end 15). A user can use another magnet (oppositely
poled or equally poled) to force a change in the length
or, if the magnet arrangement is chosen appropriately,
to change directly the cross- �sectional area of the deform-
able part. The shape of the deformable part 2 could also
be changed by using piezoelectricity or others.
�[0081] Another mechanical way of changing (reduc-
ing) the cross- �sectional area of the deformable part is to
incorporate a thread in the deformable part 2. The thread
can form a circumferentially arranged sling, the cross-
sectional area of which can be reduced by pulling an end
of the thread, which extends out of the insertable part.

The thread can at the same time be used as a pull-�out
means 8 (pull-�out means are shown in Figs. 1 and 2).
�[0082] The embodiment shown in Fig. 3 is similar to
the one of Figs. 1 and 2. But the casing comprises, be-
sides the deformable part 2, also a rigid part 11. The
shape of the rigid part 11 will not (or at least not substan-
tially) change during insertion or pull-�out of the insertable
part 16. The deformable part 2 has an approximately
toroidal shape. It is circumferentially arranged on the out-
side of the insertable part 16. The deformable part 2 may
be made from one flexibly deformable material, or it may
comprise a deformable shell 2, which contains a filler 4,
as shown in Fig. 3 (similar to the filler 4 in the insertable
part 16 of Figs. 1 and 2). The filler 4 can be a gas, which,
for the applied forces, is still practically incompressible,
or the filler is a flexibly deformable substantially incom-
pressible material like a viscous material, e.g., a liquid or
a gel, or a granulate or a combination thereof.
�[0083] The stick 6 is partially identical with a user con-
trol 10, which can, e.g., be a program change button of
the hearing device 1. For insertion of the insertable part
16 into the ear canal, the user presses the button 10 and
therewith moves the stick 6. This will exert an axially di-
rected force on the transducer 3, leading to an axial
lengthening of the deformable part 2. The incompressi-
bility of the filler 4 ensures that the axial lengthening of
the deformable part 2 results in a decreased cross- �sec-
tional area of the deformable part 2. The insertable part
16 can be easily inserted into a desired position, and
upon releasing the button 10, the cross- �sectional area of
the deformable part will increase, leading to a proper fit
of the insertable part within the ear canal.
�[0084] Instead of one such approximately ring-�shaped
section, the deformable part 2 may as well comprise two
or three such sections. At least one, maybe several or
all of them can, in the inserted state, be in contact with
the inner surface (skin) of the ear canal.
�[0085] Instead of sealing the inner part of the ear canal
from the outer part by means of the deformable part 2, it
is also possible to not fully close the interface between
the inner surface of the ear canal and the deformable
part 2, so that an opening remains (or openings remain),
extending from the inner end 15 of the insertable part 16
to the outer end 7 and connecting the inner part of the
ear canal with the outside. This can, e.g., be accom-
plished by providing the deformable part 2 with one, two,
three or more incomplete, approximately toroidal shaped
parts (e.g., half-�rings) at different axial positions; or by
leaving at least one opening within the deformable part
2, which extends from the inner end 15 of the insertable
part 16. In such embodiments, a vent can be dispensed
with.
�[0086] Fig. 4 shows schematically a side view of a cut
through an in-�the-�ear (ITE) hearing device 1, as inserted
in an ear canal.
�[0087] Fig. 5 shows the same hearing device 1, but as
being moved out of an ear canal.
�[0088] The hearing device 1 of Figs. 4 and 5 is similar
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to that in Figs. 1 to 3, but the way of changing the cross-
sectional area 20 of the insertable part 16 is different. In
Fig. 4, a battery 13 is shown, being contained in the hear-
ing device 1, and more precisely, being contained in the
insertable part 16. The battery 13 is held by a spring 14.
In Fig. 5 is shown that the battery can be removed from
the insertable part 16.
�[0089] The casing contains a variable volume 12,
which comprises, when the insertable part 16 is in a de-
sired position in the ear canal, the battery 13 and a filler
4, e.g., a gel, (see Fig. 4). When removing the insertable
part 16 from the ear canal, the battery 13 is, at least par-
tially, removed from the variable volume 12, having the
effect that the volume capacity of the variable volume 12
is reduced (see Fig. 5). The filler 4 remains within the
variable volume 12 and can remain within the insertable
part 16.
�[0090] The filler 4 can be a gas, which, for the applied
forces, is still practically incompressible, or the filler is a
flexibly deformable substantially incompressible material
like a viscous material, e.g., a liquid or a gel, or a granulate
or a combination thereof. The latter materials can more
easily be kept within the variable volume 12 than a gas.
�[0091] The shape of the soft shell 2 in the relaxed (equi-
librium) state is rather thin, so that upon reducing the
variable volume 12 by taking out the battery 13, the shape
of the deformable part 2 changes from the shape shown
in Fig. 4 to approximately the shape shown in Fig. 5.
Accordingly, the decreased volume capacity within the
insertable part 16 leads to a decreased cross- �sectional
area of the deformable part 2. The insertable part 16 can
be easily removed from the ear canal.
�[0092] Fig. 5 shows that the pulling-�out of the inserta-
ble part 16 can be coupled to the opening of a battery
compartment. Both can be accomplished by pulling the
thread 8.
�[0093] Depending on the stability and/or chemical
properties of the filler 4, it can be advisable to foresee a
membrane 17 in the insertable part 16, which separates
the filler from the battery 13.
�[0094] For inserting an insertable part 16 according to
Figs. 4 and 5 into the operating position in an ear canal,
the battery 13 is (or remains) removed from the variable
volume 12 (which variable volume 12 is arranged inside
the insertable part 16) while the insertable part 16 is
moved into or within the ear canal. Once the desired
depth within the ear canal is (approximately) reached,
the battery 13 is pushed into the variable volume 12. The
increased capacity of the variable volume 12 causes an
increased cross- �sectional area of the deformable part 2,
so that a proper fit is achieved. In order to let an increase
of the capacity of the variable volume 12 result rather in
an increase of the cross- �sectional area than in an in-
crease of the length, the equilibrium shape of the deform-
able part 2 can be chosen correspondingly and/or the
wall thickness distribution of the deformable part 2 and/or
the material composition at the deformable part 2. It is
also possible to choose a filler 4 that has itself an equi-

librium shape, which prefers, upon inserting the battery
13 into the variable volume 12, an increase of the cross-
sectional area of the deformable part 2 over an increase
of the length. The amount of "volume increase" can easily
be controlled at production (e.g., through the amount of
filler inserted) and can be altered later by a fitter, e.g., by
applying appropriate elements (e.g., glueing small flat
polymer or metal pieces) to the membrane 17 or to the
battery holding mechanism 14.
�[0095] The relaxed (equilibrium) shape of the deform-
able part can, in all the embodiments with a filler 4, either
be predominantly determined by the outer shell 2 housing
the filler, or be predominantly determined by the shape
of the filler, or be determined by both, the filler 4 and the
shell 2.
�[0096] Instead of a battery 13, also another voluminous
element 14 can be used for changing the capacity of the
variable volume 12; e.g., a knob or button.
�[0097] Of course, the way of changing the cross-�sec-
tional area 20 through varying a volume capacity of a
volume 12, as discussed in conjunction with Figs. 4 and
5, is not confined to hearing devices 1, the side walls of
which in full are flexibly deformable. It is also possible to
use this way when the deformable part 2 is designed to
form only a part of the side wall, e.g., like discussed in
conjunction with Fig. 3.
�[0098] The deformable part 2 allows to use one insert-
able part 16 for a multitude of ear canal geometries. The
ear canal does not have to be measured with high pre-
cision. It is therefore possible to use a number (of the
order of 10 to 50) of insertable parts 16 with standard
geometries (standard shapes), with which the ear canals
of nearly all users can be properly fitted.
�[0099] The means for changing a cross-�sectional area
20 of the deformable part 2 can be means for changing
a cross-�sectional area 20 of the deformable part 2 before
inserting the insertable part 16 into a desired position
within an ear canal; see, e.g., Figs. 1 and 2. While moving
the insertable part 16 within the ear canal, the cross-
sectional area 20 may be kept at a changed value by the
means for changing a cross- �sectional area 20 of the de-
formable part 2.
�[0100] The means for changing a cross-�sectional area
20 of the deformable part 2 can be means for changing
a cross-�sectional area 20 of the deformable part 2 when
the insertable part 16 is in a desired position (depth) with-
in an ear canal and keeping the cross-�sectional area 20
in that position approximately constant.
�[0101] It is possible to decrease the cross- �sectional
area 20 of the deformable part 2 by using means of the
hearing device, like those shown in Figs. 1 to 5, when
removing the insertable part 16 from the ear canal. It is
also possible to pull the insertable part 16 out of the ear
canal without using such means. In the latter case it is
desirable to avoid the build-�up of a vacuum near the us-
er’s ear drum. This task can be accomplished by forming
such sections of the deformable part 2, which are located
closer to the outer end 7, thinner and/or from easier de-
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formable material than sections of the deformable part 2
located closer to the inner end 15. In this way, a reduction
in cross-�sectional area 20 upon pulling-�out is to be ex-
pected first at those outer sections, and later in sections
with thicker and/or stiffer material located closer to the
ear drum.

List of Reference Symbols

�[0102]

1 hearing device, in-�the- �ear hearing device

2 deformable part of casing, silicone, soft shell

3 transducer, receiver, loudspeaker

4 filler, gel

5 deformable volume

6 axially movable element, stick, push-�button

7 outer end of the insertable part, user interface, out-
er end plate

8 pull-�out means, thread, silicone thread

9 control element, volume wheel

10 control element, button, knob, program chance
button

11 rigid part of casing

12 variable volume

13 energy reservoir, battery, voluminous element

14 battery holding mechanism, spring

15 inner end of insertable part

16 insertable part of the hearing device

17 membrane

20 cross-�section of deformable part, cross-�sectional
area

r radial coordinate

z axial coordinate, length

Claims

1. Hearing device (1) comprising an insertable part

(16), which is to be inserted into an ear canal of a
user of the hearing device (1), and which insertable
part (16) may be identical with the hearing device (1)
itself, wherein the insertable part (16) comprises a
casing, which casing comprises a deformable part
(2),�
characterized in that
the hearing device (1) comprises means
(2,3,4,5,6,7,8,10, 12,13,17) for changing a cross-
sectional area (20) of the deformable part (2), which
change in the cross-�sectional area (20) is reversible.

2. The hearing device (1) according to claim 1, wherein
at least a section of the deformable part (2) is to be
in contact with the inside of the user’s ear canal when
the insertable part (16) is inserted in the user’s ear
canal.

3. The hearing device (1) according to claim 1 or 2,
wherein the at least one section has a circumferen-
tially arranged part, which part is to seal the user’s
ear canal or an inner part of the user’s ear canal with
respect to the outside.

4. The hearing device (1) according to one of the pre-
ceding claims, wherein said means for changing a
cross-�sectional area (20) of the deformable part (2)
comprises at least one deformable volume (5) con-
taining an amount of a filler (4), the cross- �sectional
area (20) of the at least one deformable volume (5)
being coupled to the cross- �sectional area (20) of the
deformable part (2).

5. The hearing device (1) according to claim 4, wherein
said amount of said filler (4) is constant during normal
use of the hearing device (1).

6. The hearing device (1) according to claim 4 or 5,
wherein the filler (4) comprises at least one of the
group comprising a liquid, a gel, a granulate.

7. The hearing device (1) according to one of claims
4-6, wherein the deformable part (2) comprises a
flexibly deformable material, in which the at least one
deformable volume (5) is enclosed.

8. The hearing device (1) according to one of the pre-
ceding claims, wherein the hearing device (1) com-
prises means for changing the cross- �sectional area
(20) of the deformable part (2) through changing an
axial extension of the deformable part (2), wherein
the axial coordinate (z) of the insertable part (16) is
defined as running along the extension of the user’s
ear canal, when the insertable part (16) is inserted
in the ear canal, and wherein the radial coordinate
(r) is defined as being perpendicular to the axial co-
ordinate (z).
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9. The hearing device (1) according to claim 8, wherein
the means for changing the cross-�sectional area (20)
of the deformable part (2) through changing the axial
extension of the deformable part (2) comprise means
for converting a mechanical force into a change in
the axial extension of the deformable part (2).

10. The hearing device (1) according to claim 9, wherein
the means for changing the cross-�sectional area (20)
of the deformable part (2) through changing the axial
extension of the deformable part (2) comprise an ax-
ially movable element (6), which can be axially
moved relative to a part of the insertable part (16)
upon a user’s action.

11. The hearing device (1) according to claim 10, where-
in the axially movable element (6) is stick-�like and/or
is extended at least as long as a substantial part of
the axial extension of the insertable part (16).

12. The hearing device (1) according to one of claims
10-11, wherein the axially movable element (6) ex-
tends through and is movable relative to an outer
end (7) of the insertable part (16), which outer end
(7) is directed versus the outside of the user’s ear
when the insertable part (16) is inserted in the ear
canal.

13. The hearing device (1) according to one of claims
1-7, wherein the hearing device (1) comprises a vol-
ume capacity change means for changing the cross-
sectional area (20) of the deformable part (2) through
changing the capacity of a variable volume (12) ar-
ranged within the hearing device (1), the deformable
part (2) being arranged on the outside of the variable
volume (12).

14. The hearing device (1) according to claim 13, where-
in the volume capacity change means comprises a
voluminous element (13) and a deformable filler (4),
the deformable filler (4) being arranged within the
variable volume (12), and the voluminous element
(13) being introducible into the variable volume (12),
so as to cause an increase of the capacity of the
variable volume (12), and the voluminous element
(13) being removable from the variable volume (12),
so as to cause a decrease of the capacity of the
variable volume (12).

15. The hearing device (1) according to claim 14, where-
in the deformable filler (4) is substantially incom-
pressible.

16. The hearing device (1) according to one of claims
14-15, wherein the deformable filler (4) comprises
at least one of the group consisting of a gas, a liquid,
a gel, a granulate.

17. The hearing device (1) according to one of claims
14-16, wherein the voluminous element (13) com-
prises at least a part of a battery (13) and/or at least
a part of a control element (9,10) of the hearing de-
vice (1).

18. The hearing device (1) according to one of the pre-
ceding claims, wherein the insertable part (16) con-
tains at least one transducer (3) for transducing elec-
trical signals into sound.

19. The hearing device (1) according to one of the pre-
ceding claims, wherein the insertable part (16) con-
tains at least one signal processor for sound
processing.

20. The hearing device (1) according to one of the pre-
ceding claims, wherein the hearing device (1) com-
prises a user interface comprising at least one con-
trol element (9,10), which at least one control ele-
ment is at least partially identical with at least a part
of the means for changing the cross-�sectional area
(20) of the deformable part (2).

21. The hearing device (1) according to one of the pre-
ceding claims, wherein the hearing device (1) is a
hearing aid.

22. Method for inserting an insertable part (16) of a hear-
ing device (1) into an ear canal of a user of the hear-
ing device (1), wherein the insertable part (16) may
be identical with the hearing device (1) itself, and
wherein the insertable part (16) comprises a casing,
which casing comprises a deformable part (2), the
method comprising the steps of
either

 reducing a cross- �sectional area (20) of the
deformable part (2) by using means for changing
a cross-�sectional area (20) of the deformable
part (2), the means being comprised in the hear-
ing device (1),
 moving the insertable part (16) into the ear
canal, and
 then allowing the cross-�sectional area (20) of
the deformable part (2) to increase;

or

- moving the insertable part (16) into the ear ca-
nal, and
- then increasing the cross-�sectional area (20)
of the deformable part (2) by using means for
changing a cross- �sectional area (20) of the de-
formable part (2), the means being comprised
in the hearing device (1).

23. The method according to claim 22, wherein said

17 18 



EP 1 653 776 A2

11

5

10

15

20

25

30

35

40

45

50

55

means comprise at least one deformable volume (5)
containing an amount of a filler (4), further compris-
ing the step of keeping said amount of said filler (4)
constant.

24. Method for taking an insertable part (16) of a hearing
device (1) out of an ear canal of a user of the hearing
device (1), wherein the insertable part (16) may be
identical with the hearing device (1) itself, and where-
in the insertable part (16) comprises a casing, which
casing comprises a deformable part (2), the method
comprising the steps of

 reducing a cross- �sectional area (20) of the
deformable part (2) by using means for changing
a cross-�sectional area (20) of the deformable
part (2), the means being comprised in the hear-
ing device (1), and
 moving the insertable part (16) out of the ear
canal.

25. The method according to claim 24, wherein said
means comprise at least one deformable volume (5)
containing an amount of a filler (4), further compris-
ing the step of keeping said amount of said filler (4)
constant.

26. Method of manufacture of a hearing device (1) com-
prising an insertable part (16), which is to be inserted
into an ear canal of a user of the hearing device (1),
and which insertable part (16) may be identical with
the hearing device (1) itself, wherein the insertable
part (16) comprises a casing, which casing compris-
es a deformable part (2), said method comprising
the steps of

 incorporating in said hearing device (1) a
means for changing a cross-�sectional area (20)
of the deformable part (2), which change in the
cross- �sectional area (20) is reversible;
 incorporating in said means for changing a
cross- �sectional area (20) of the deformable part
(2) at least one deformable volume (5), the
cross- �sectional area (20) of the at least one de-
formable volume (5) being coupled to the cross-
sectional area (20) of the deformable part (2);
 incorporating in said at least one deformable
volume (5) an amount of a filler (4), which
amount of said filler (4) is to remain constant
during normal use of the hearing device (1).

19 20 



EP 1 653 776 A2

12



EP 1 653 776 A2

13


	bibliography
	description
	claims
	drawings

