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ABSTRACT

The inventive membrane (14) forms the circumferential surface of a hearing
aid which is individualized by a body cast in an auditory canal or in a model
of an auditory canal. The membrane (14) substantially serves as an extensible
5 confinement for the custing cavity before and during the custing and surrounds
the appliance closely in its individue;lized condition. The membrane is
substantially wbular and comprises integrated fastening means (32, 33) in the
region of its outer opening (30) and of its inner opening (31) with which
fastening means it is fastenable to other components of the hearing aid. The
10 fastening means have substantially the form of thickened regions extending
around the openings (30, 31). The membrane has a thickness of ca. 0.2 mm in
its central region and a thickness of eg. 1 mm in the thicker region. The
membrane (14) with the integrated fastening means (32, 33) is advantageously
produced from e.g. a thermoplastic elastomer or from a highly extensible

15 silicon-plastic by means of injection moulding.

(Figure 3)
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The following statement is a full description of this

invention, including the best method of performing it known to
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MEMBRANE CONSTITUTING THE CIRCUMFERENTIAL SURFACE OF A
HEARING AID TO BE INDIVIDUALIZED BY A CAST BODY

The invention is in the field of hearing aids and concerns a membrane
according to the ‘generic term of the first independent claim. The membrane
forms the circumferential surface of a hearing aid which has the form of an
irregular frustum or cylinder. The membrane substantially serves as extensible
confinement of a casting cavity into which a body is cast for adapting the

appliance to an individual auditory canal.”

Various hearing aids have been described which are individualized for a
spégific person by casting its body in the auditory canal of this person or in a

rh‘_(A)de‘l' of this canal. If this casting step is substantially the last process step

.and' can. be carried out simply, i.e. withour complicated devices, this kind of

hearing aid can be supplied 1o auditory advisors in a general condition, i.e. in
av condition in which it has not yet been adapted to an individual auditory
canal. The auditory advisor can adapt the appliance to the auditory canal of a
specific person, i.e. cast the body, and deliver after only oﬁe session the

finished appliance ready to be worn to the person.
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Such simple individualization irplies in particular that all components serving
the hearing function (microphone and/or receiving coil, amplifier-chip and
loudspeaker) are already integrated in the general hearing aid and that this
general hearing aid comprises a casting cavity in which the individual body is

cast such that the body does not require any further processing after casting,

An adaptation to an individual auditory canal is important for hearing aids
worn  partly in  the auditory canal ("In-The-Canal-appliances’ or
ITC-appliances) and especially for hearing aids carried completely in the
auditory canal ("Completely-In-the-Canal-appliances” or CIC-appliances).
These appliances substantially have the form of an irregular frustum or
cylinder with an inner face orientated towards the inside of the ear, an outer
face orientated towards the outside and a circumferential surface, whereby the
circumferential surface only has to be adapted 1o the form of the individual

auditory canal.

Hearing aids which fulfii the requirements of a simple individualizability are
e.g. described in publication EP-629101 and in'a parallel application ‘to the
present application (Swiss application No. 1859/96). The hearing aids
dgs_c__ribed in both cases comprise in their general condition a face plate with a
bgﬁg;y opening defining the outer face and at least partly supporting elements
fo'i'qh keep the loudspeaker in particular in a defined position relative to the
front p]afe, i.e. at least within a defined distance from the face plate, such that
these supporting elements and/or the outler side of the loudspeaker
substantially constitute the inner face of the appliance. The appliances further
comprise a substantially tubular extensible membrane forming the circum-
ferential surface which membrane is fastened around the outer face (face
plate) and around the inner face (loudspeaker and/or further clements) such

that they form a tight casting cavity together with the face plate and the
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loudspeaker and/or further elements in the region of the inner face, which
cavity can be filled with a casting material through a pouring opening in the
region of the face plate. The general appliance is positioned in the auditory
canal of a potential wearer or in a corresponding model for casting, Through
casting, the extensible membrane is pressed closely to the wall of the auditory
canal such that the cast body of the appliance individualized in such a manner
is adapted precisely to the auditory canal and carries the membrane on its

circumferential surface.

A membrane forming the circumferential surface of a hearing aid must fulfill

the most various conditions:

- The membrane must he extensible and flexible 1o such a degree that on
casting it applies itself very closely to the wall of the auditory canal (or

the wall of a corresponding model) without folds.

- The membrane, as contacting element between hearing aid and skin, must
be suited for constant and close contact with skin, ie. it must be

compatible with skin to a high degree.

- The membrane must have a sufficient mechanical strength for the general
appliance (with empty casting cavity, i.c. without body} to be able to be

produced without problems and to be handled safely.
- The membrane must be fastenable simply to the components of the

hearing aid.

It further shows that membranes which are so porous that they are permeable

to air yet impermeable to @ casting material are advantageous, not only for
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the casting of the body but also concerning the comfort

when the hearing aid is wornm.

For fixing the membrane to the face plate and to the
loudspeaker and/or supporting element in the region of the
inner face, clamping elements (fixing rings or locking
elements with corresponding openings which elements reach
over the whole taces) have been suggested or direct gluing
or welding of the membrane to the face plate and to the
supporting elements in the region of the inner face. It
now shows that especially for CIC-appliances which are
extremely small the fastening of the described membranes
which the described fastening means and according to the
described fastening methods is a step which is rather
difficult to be carried out and is therefore costly. The
reason for thisg is the sensitivity of the very thin (ca.
0.2 mm) membrane and the small size of the separate

fastening means.

The invention provides a gubstantially tubular, extensible
membrane with an outer opening and an inner opening for a
hearing aid which has the form of an irregular frustum or
eylinder having an outer face, an inner face and a
circumferential surface and being individualised by a cast
body, whereby the membrane is fastened around the outer and
the inner face to further components of the hearing aid and
constitutes the circumferential surface of the hearing aid,
characterised in that the membrane comprises regions of
different wall thicknesses.

The inventive membrane makes use of the fact that the force
which is necessary to stretch a material or the elastic
force respectively which the stretched material exerts is
not only dependent on the characteristics of the material
but also on the thickness (wall thickness) of the material.
The inventive membrane correspondingly compriges regions
with different wall thicknesses as regioms for different

H:\Carcline\Keep\Speci\p22873 doc 31/07/00
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thickness (larger elastic force) serve in particular as elastic connection means;
regions with a smaller wall thickness (smaller resistance against stretching)
especially serve as extensible confinement of the casting cavity. Further

regions with further wall thicknesses can be provided for further functions.

This means that fasiening means are directly integrated into the inventive
membrane which substantially leads to two advantages: firstly the fastening
position of the membrane is precisely defined and independent of the
individual course of the fastening process and secondly no second part
(clamping ring) to be handied separately is necessary, These two advantages
lead t0 a considerable simplification of the fastening process and to a more

uniform result,

The inventive membrane is advantageously produced from e.g.  silicon-plastic
in an injection moulding process, whereby the fastening means are moulded as

regions with larger wall thickness.

Ad{rantageous materials for the inventive membrane are e.g. thermoplastic
elastomers or highly extensible silicon-plastics (e.g. two-component-silicons)

with an extendibility of more than 500% and a Shore hardness of less than 40,

E\emplified embodiments of the inventive membrane are described in detail

in connection with the following Figures, whereby:

Figures 1 and 2 show diagrammatic sections (parallel to the axis of the
appliance) through an exemplified hearing aid with an inventive

membrane: in general condition (Figure 1), Le. before casting of the
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body, and in individualized condition (Figure 2), i.e. after casting of
the body;

shows an exemplified embodiment of the inventive membrane in

section parallel 1o the axis;

shows an exemplified fastening of an inventive membrane to a face
plate or a supporting element in the region of the inner face (in

section parallel 1o the axis):

shows an exemplified fasiening of an inventive membrane to the

loudspeaker of a hearing aid (in section paraliel to the axis);

shows exemplified fastening means of an inventive membrane to the
loudspeaker of a hearing aid, which connecting means also have an

opening for a ventilation channel (in section perpendicular to the

 axis, section line VI-VI in Figure 3) and

shows further fastening means as Figure 6.

F igures 1 and 2 show an exemplified embodiment of the inventive hearing aid

in section parallel to the axis which hearing aid is individualized, ie. ddapted

to an individual auditory canal by casting of a body in an auditory canal or in

a model of an auditory canal. For casting the body, « membrane forming the

circumferential surface of the appliance is provided. The hearing aid is shown

in its general condition (Figure 1), i.e. before the casting of the body and in

its individualized condition (Figure 2), i.e. after the casting of the body, The

shown hearing aid is a CIC-appliance. The appliance itself is subject of a

parallel application 10 the present application (Swiss application No. 1859/96)

and for this reason is not described here. The inventive membrane is not only
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applicable to a hearing aid as described in Figures 1 and 2 but also to other
hearing aids which are individualized by casting a body in a casting cavity, e.g.

to a hearing aid as described in the publication EP-629101.

The shown hearing aid comprises e.g. a microphone 10, an amplifier-chip 11
and a loudspeaker 12 as components serving the hearing function and a face
plate 13 with a battery opening or with a battery rack, whereby the face plate
13 substantially constitutes the outer face and the outletside of the

loudspeaker 12 substantially constitutes the inner face of the appliance.

Figure 1 shows the appliance in its general condition. A substantially wbular
membrane 14 extends form the outer face to the inner face and forms the
circumferential surface of the appliance. The membrane confines a casting
cavity 15 which is filled with a casting material through a pouring opening in a
casting template 16. The casting templaxé 16 is positioned in the battery
opening of the face plate 13 and primarily serves for moulding a battery rack
between the body to be cast and the face plate. The general hearing aid
further comprises provisional supporting means 18 which protrude from the
outer and inner faces of the appliance and are removed after the casting of
the body.

It shows that in its general condition the appliance does not necessarily need
a supporting element exiending axially through the appliance. A flexible
element which limits the distance between the inner and the outer face of the
appliance i sufficient. Such a flexible length-limiting element can also be

removed from the hearing aid after casting.
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Figure 2 shows the same appliance as Figure 1 but in its individualized
condition, ie. after the casting of the body. The individualized appliance
differs from the general appliance in that it has a body 20, in that the
provisional supporting element 18 (or the flexible length-limiting element
respectively) is absent, in that by removal of the provisional supporting
element a ventilation channel has been formed and in that there is a battery
19 replacing the casting template and a battery cover 22. The membrane 14
still constitutes substantially the circurnferential surface of the appliance and

surrounds the body 20 closely.

Figure 3 shows an exemplified embodiment of the inventive membrane 14 in
section parallel to the axis.. The membrane is substantially tubular and
comprises an outer opening 30 and an inner opening 31. Around the two
openings outer fastening means 32 and inner fastening means 33 are arranged
which fastening means are regions in which the wall thickness is larger than in
a central region 34 of the membrane. In the shown example the outer
fastening means are designed as an elastic ring which for fastening of the
membrane 10 a face plate is e.g. positioned in a corresponding groove in this
face plate in which it advantageously lies in a somewhat tensed condition. The
inner fastening means 33 have the form of a tube which is stepped on the
inside and has an inner opening adapted to a loudspeaker such that g -
loudspeaker positioned in this opening is held in the opening by stretchiﬁg the

tube elasticly.

The central region 34 of the membrane is stretched when casting the body. In
order to make this stretching as even as possible this region 34 may comprise
a pattern of further regions with increased wall thickness, whereby the wall

thickness in these regions is considerably smaller than in the regions of the
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fastening means. This kind of pattern e.g. consists of enlargements 35 in form

of lines extending around the inner circumference of the tubular membrane.

With this kind of pattern of enlargements 35 disadvantageous effects which
are caused by weak points in the membrane can be prevented, If a membrane
without this kind of enlargements has a weak point it is stretched
preferentially in this point by the pressure created in the primary stage of the
casting. By such preliminary stretching, the point is weakened further and
stretched even further with further casting. Thus, unwanted humps are
formed. Through their increased wall thickness, the elements of the named
pattern have an extendibility much less influenced by weak points such that a

pattern as deseribed is able to prevent the named, unwanted effects.

If the pattern of enlagements instead of consisting of circumferential rings on
the inside of the membrane as shown in Figure 3, consists of axially extending
lines which are accordingly dimensioned these lines may serve for limiting the
axial length of the hearing aid in addition to their function of making the
extensibility of the membrane more even. This additional function is
important because it is to be absolutely prevented that the hearing aid
‘t.)-.e‘co‘me_rsb longer through lengthwise extension of the membrane and therefore
(oﬁ_éhés ':fhe ear drum during casting. If the length-limiting function can be
ta:ken:_- 6_\/(_31' reliably by the membrane, not only the provisional supporting

élem_;ﬁt but also the flexible length-limiting element are not needed.

Typical wall thicknesses for a tubular membrane as shown in Figure 3 are e.g.:
- central region: (.1 to 0.3 mm
- outer fastening means: z 0.5 mm

- jnner fastening means: 2 0.5 mm
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- pattern of enlargements in central region: 0.2 to 0.5 mm (larger by ca. a

factor 2 than remaining wall thickness of central region)

Further embodiments of the inventive membrane which are deriveable from
the embodiment shown in Figure 3 e.g. only comprise fastening means in the
region of the outer opening, while the region of the inner opening is e.g.
fastened to further elements of the hearing aid by means of gluing or welding,
Fastening means can be provided in the region of the inner opening which,
similar to the shown outer fastening means, are a fastening ring which is
positioned in 4 groove in corresponding inner supporting elements. The outer
and/or inner fastening means can, instead of being fastened with positive
engaging means (ring in groove) be fastened to other correspondingly
designed components of the hearing aid with or without elastic stretching by

material connection (gluing or welding).

Figure 4 shows the outer fastening means of the membrane according to
Figure 3 in a larger scale. Visible are parts of the face plate 13, of the body
20 and of the membrane 14, in particular the outer fastening means 32 and
the central region 34. It is evident from the Figure that the thickness of the
membrane increases continuously from the central part of the membrane 14

tqwa_r_ds irvts part serving as fastening means 32 to the face plate 13.

Between the outer fastening means 32 having the form of a thickened edge
and the thin central region of the membrane a continucus transitional region
36 1s provided. This increases the stability of the membrane in this transitional
region and increases the strength of a connection berween face plate 13 and
body 20 if the body is cast from a material which forms a stable connection

with the material of the membrane, e.g. by anchorage of the casting material
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in the pores of the membrane or by an adhesive/chemical connection between

casting material and membrane material.

Figure 5 shows a further embodiment of inner fastening means 33 integrated
into a membrane 14. Visible are the loudspeaker 12 and parts of the
membrane 14, in particular the inner fastening means 33 and the central
region 34. Furthermore, a perforated protection cap 37 is shown which is
attached in a positively engaged manner to the outermost edge of the
fastening means 32 by means of a snap connection, the outermost edge being
designed as positive engaging means 39. The protection cap 37 has the
purpese o protect the outlet of the loudspeaker from being contaminated
with cerumen. The actual fasiening means 32 have the form of an elastic tube
which advantageously comprises a step 38. The tube and the step are
dimensioned such that the loudspeaker can be introduced as far as the step,
whereby the tube is stretched such that the loudspeaker is held in this position
by the elastic force exercised by the stretched tube.

As previously mentioned the inventive membrane is advantageously produced
by injection mouiding. With injection moulding it is possible 10 mould
together materials which are different from each other to a limited degree
such that these materials are connected to each other by very stable joints. It
w therefore possible to employ a slightly harder material e.g. for the positive
engaging means 39, than for the rest of the membrane, especially in the

region of the inner fastening means as shown in Figure .

An exemplified pairing of materials for production of fastening means 39 is

the following:
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- membrane and fastening means: thermoplastic elastomers or highly
extensible silicons

- positive engaging means: polyamide

Figures 6 and 7 show sections perpendicular to the axis (section line VI-VI in
Figure 3) through exemplified embodiments of inner fastening means as used
for the hearing aid according to Figures 1 and 2. In its general condition, the
hearing aid according to Figures 1 and 2 has a provisional supporting
element (18 in Figure 1) or a corresponding length-limiting element
protruding over both faces which both are removed from the appliance after
the body has been cast by pulling them out of the appliance. Provisional
supporting element as well as flexible length-limiting elemen: both need
openings in both faces, which oppenings are openings of a ventilation channel
in the individualized condition of the appliance. The fastening means
according to Figures 6 and 7, in addition 10 its features serving the function
for fastening the membrane to the loudspeaker, has an opening to be the

inner opening of a ventilation channel.

Both Figures 6 and 7 show the twbular fastening means 33 which comprises
due to its double function, a first opening 40 for the loudspeaker and a second
opening 41 for the wventilation channel or for the provisional supporting
clement or flexible length-limiting element respectively. In Figure 6 the
second opening 41 is designed as a sepérare opening, in Figure 7 as a dent in
the first opening 40. In both cases, a sleeve can be provided in the second
opening 41, whereby in the case according to Figure 7 the sleeve is

additionally fastened to the loudspeaker, e.g. by gluing,
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Substantially tubular, extensible membrane with
an outer opening and an inner opening for a hearing aid
which has the form of an irregular frustum or cylinder
having an outer face, an inner face and a circumferential
surface and being individualised by a cast body, whereby
the membrane is fastened around the outer and the inner
face to further components of the hearing aid and
constitutes the circumferential surface of the hearing aid,
characterised in that the membrane comprises regions of

different wall thicknesses.

2. Membrane according to claim 1, characterised- in
that for fastening the membrane to components of the
hearing aid, the membrane comprises, at least in the region
of the openings, fastening means in the form of a ring-

shaped enlargement extending arcund the opening.

3. Membrane according to cne of claims 1 or 2,
characteriged in that for fasting the membrane to a
loudspeaker of the hearing aid., the membrans comprises in
the region of its inner opening fastening means in the form

of a tubular enlargement.

4. Membrane according to claim 3, c¢haracterised in
that for positioning the loudspeaker the membrane comprises

a step on the inside of the tubular enlargement.

5. Membrane according to ¢laim 3 or 4, characterised
in that for attaching a protecting cap the outermost region
of the tubular enlargement is designed as positive engaging

means.

6. Membrane according to claim 5, characterised in
that the positive engaging means consist of a less

extensible material than the rest of the membrane.

H:\Caroline\Keep\Speci\p22B873.doc 31/07/00
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7. Membrane according to any one of claims 3 to 6,
characterigsed in that the tubular enlargement comprises a
first opening for the loudspeaker a second opening for a

ventilation channel.

8. Membrane according to claim 7, characterised in

that the second opening is a dent in the first opening.

9. Membrane according to one of claims 1 to 8,
10 characterised in that it comprises a pattern of thickness

anlargements in a central region.

14. Membrane according to claim 9, characterised in
that the enlargement have the form of lines and extend

15 around the inner clrcumference of the membrane.

11. Membrane according to ¢laim 10, characterised in
that the lines with an increased wall thickness extend
axially and serve for limiting the axial length of the

20 membrane.

O 12. Membrane according to any one of claims 9 or 11,
characterised in that the line-shaped enlargements have a
wall thickness which is about twice the size of the wall

25 thickness between the enlargements.

. 13. Membrane accdrding to any one of claims 1 to 12,
characterised in that it consists of a thermoplastic

elastomer or of a highly extensible silicon-plastic.

30
14. Membrane according to c¢laim 13, characterised in
that it has & wall thickness of 0.1 to 0.3 mm in its
thinnest region.

35 15. Membrane according to c¢laim 13 or 14,

characterised in that it is produced from one or several
materials by means of injection moulding.

H:\Caroline\Keep\Speciip22873.doc 3L/07/00
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