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Description

[0001] The present invention relates to a receiver, for
generating sound, and in particular a flat or small receiv-
er, which is often called a miniaturised loudspeaker. The
receiver comprises a coil, a magnet assembly forming a
magnet gap and a membrane. The coil, magnet assem-
bly and membrane are provided in a housing comprising
a sound output opening and defining an inner volume,
wherein the membrane divides the inner volume into a
front chamber, also called front volume, and a back
chamber, also called back volume, the front and back
chambers being at least partly defined by opposite sides
of the membrane.

[0002] Such receivers, are usually provided for gener-
ating sound for hearables, such as hearing aids or per-
sonal hearing devices, such as ear phones or the like,
and are desired small, with a height of less than 2 mm,
yet efficient.

[0003] Such receivers are disclosed in e.g. CN 2080
1599. The receiver disclosed in this document has a front
chamber and a back chamber. In the back chamber the
electromagnetic drive mechanism, comprising a coil and
vibrating plate, is located. When the receiver is in oper-
ation, the coil in the electromagnetic drive mechanism is
energised to become an electromagnet. As the signal
changes, the magnetic field generated by the electro-
magnet will also change. The firstmagnet and the second
magnet drive the vibrating plate and the vibrating frame
connected to the vibrating plate, generating up and down
movements. This in turn drives the sound membrane to
drive air in the front and back chambers to generate
sound. Another receiver is disclosed in EP 1962 550. In
this publication a receiver is shown, wherein the front
chamber is equipped with a magnet and the back cham-
ber is equipped with another magnet and a coil. The ar-
mature extends through the coil and the magnet gap and
the diaphragm extends through the magnet gap only. In
both disclosures the receiver comprises adiaphragm and
an armature requiring the receiver to be relatively thick.
Both a diaphragm and armature are needed to produce
a decent sound output.

[0004] It is an object of the invention to provide a re-
ceiver that can be made with less components and is
smaller in size than the prior art receivers. Further it is
an object to provide a receiver with an increased output
intensity per unit volume. Another object is to provide a
receiver having less vibration noise and distortion.
[0005] The current invention solves these problems of
the prior artin afirstaspect by providing a receiver where-
in the coil has afirst portion provided in the front chamber
and a second portion provided in the back chamber. By
effectively assembling the coil in both front chamber and
back chamber a more compact receiver is made that
needs less parts, is symmetrical and produces less noise.
The armature function and diaphragm are combined in
this invention to a single membrane that also forms the
separation between front and back chambers.
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[0006] Inthe present context, a receiver is an element
configured to convert an electrical signal into sound. In
the present receiver, an electrical signal fed to the coil
brings about movement of the membrane to generate
sound. Preferably, the receiver is a miniature receiver,
where the housing has a length of no more than 10 mm,
preferably no more than 8 mm, preferably no more than
6 mm or no more than 5 mm. In one situation, the receiver
housing may have a volume of no more than 100 mm3,
preferably no more than 70 mms3, preferably no more than
50 mm3, preferably no more than 30 mm3, preferably no
more than 20 mm3.

[0007] The coil maybe formed by one or more windings
of one or more electrical conductors. Multiple coils may
be provided if desired.

[0008] The magnet assembly forms a magnet gap. Of-
ten, magnets are provided in a yoke or other structure,
such as the housing itself, facilitating a closing or guiding
of the magnetic fields to whichever elements form the
magnet gap. The magnet gap is a gap in which the mag-
netic field lines are present and inside which an element
may be present, such as the membrane or an armature,
which may then be forced in a direction parallel with the
magnetic field lines in the magnet gap. Multiple magnet
gaps may be provided if desired. The guiding or closing
structure may be metallic structures guiding the magnetic
field lines without causing too much loss of the field lines
outside of the magnet gap. Multiple magnets may be pro-
vided. In one embodiment, the magnet gap is generated
between two magnets.

[0009] The housing comprises a sound output open-
ing. A sound outputopening preferably has a size orcross
section large enough to support transport of sound in the
audible range, such as 20-20,000 Hz, preferably
30-10,000 Hz. It may be preferred that the housing has
only one sound output opening and that no other open-
ings are present which cater for sound outputting. It may
be desired to provide a vent in the housing, which vent
allows air passage into the housing, such as into the sec-
ond chamber, without allowing too much sound to pass
through it. A vent may have a cross section so small that
sound with frequencies above 10 Hz, such as above 5
Hz are substantially attenuated.

[0010] The housing has an inner volume. The housing
may be formed by two or more parts which fit together
to close the volume and define the sound output. The
membrane divides the inner volume into two chambers.
Each chamber is defined partly by an inner surface of
the housing and partly by a side or side portion of the
membrane. The two chambers are defined, respectively,
of opposing sides or side portions of the membrane.
[0011] The membrane preferably is relatively stiff, so
that a force generated at one portion of the membrane
is transferred to other portions of the membrane. The
membrane may be a plane element or an element with
e.g. corrugation or ridges, which may be provided to in-
crease a stiffness of the membrane in one or more direc-
tions, often in the longitudinal direction thereof.
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[0012] Useful materials for the membrane may be any
material, such as aluminium, copper, cobalt, iron, nickel,
steel, titanium, or alloys thereof, such as Nickel-Iron
50-50, Nickel-Iron 80-20, brass, or metal matrix compos-
ite materials. Also, reinforced composites may be used,
such as an aluminium matrix with ceramic particles there-
in. A very high stiffness is preferred. The membrane is
desired relatively thin, such as in the interval of 10 to 100
wm, preferably in the interval of 10-50 pum.

[0013] The housing may comprise additional ele-
ments, such as electrically conducting portions allowing
electrical signals to be guided from the outside of the
housing to inside the housing. Such portions may, at the
outside, be connected to by conductors guiding the sig-
nals to the receiver and, on the inside, to the coil.
[0014] When the coil has a first portion provided in the
front chamber and a second portion provided in the back
chamber, the receiver may be made more compact that
in the prior art set-ups where the coil is located only in
the back chamber, so that the overall height of the re-
ceiver according to the invention may be lower as the
armature and diaphragm functions are combined into a
single membrane. A reduction in size will give room for
other components, such as more receivers, in the same
space. The inner volume may have a height correspond-
ing to that of the coil or only slightly more, such as up to
only 10 % more, preferably up to only 5 % more. A re-
duced size may increase the sound output intensity per
unit of volume of the receiver.

[0015] The first and second portions may be portions
on either side of a plane or element extending through
the coil, such as through one, two, three or all windings
thereof. Preferably, the coil has a central or symmetry
axis, the plane comprising this axis. Preferably, all com-
plete windings of the coil may form part of both the first
and the second portions.

[0016] In a preferred embodiment the coil forms a coil
tunnel and the magnet assembly forms a magnet gap,
the membrane extending through the coil tunnel and the
magnet gap. In this situation, the coil tunnel and magnet
gap may be positioned within a predetermined plane, so
that the membrane may be plane or at least substantially
plane and still extend through both the magnet gap and
the coil tunnel. In this situation, the membrane has the
function of not only the standard diaphragm (sound gen-
eration) but also that of an armature. When extending
through the coil tunnel and the magnet gap, a field is
generated in the membrane by the coil, which magnet-
ises the membrane (or armature in the prior art) that ex-
tends into the magnet gap, which results in a force gen-
erated to the membrane. This force will move the mem-
brane and thus create sound. This has the advantage
thatless components are needed. In addition, also adrive
pin is not needed and thus multiple steps in the manu-
facturing process are also not needed.

[0017] The membrane divides the housing volume into
the two chambers, and when it extends through the coill
tunnel, a portion of the coil naturally is in one chamber
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and another portion is in another chamber. Another ad-
vantage thereof is that a symmetrical design may be ob-
tained, which reduces distortion in the sound output and
therefore a clearer sound is produced which is beneficial
to the user of the hearing aid or the like.

[0018] When the membrane extends through the coil,
the receiver preferably comprises a resilient layer or seal
between the membrane and an inner surface of the coil.
In this manner, the membrane is also able to move rel-
ative to the coil while ensuring airtight operation. The
division of the inner volume into the front and back cham-
bers preferably is air tight in the manner that when the
membrane moves, an increased pressure will be expe-
rienced in one chamber and a reduced pressure in the
other. So, it is desired that air is not allowed to travel from
one chamber to the other, as this would counteract the
pressure difference generation and thus the sound gen-
eration. Therefore, this receiver preferably comprises a
resilient material between the membrane, or a stiffer por-
tion thereof, and the inner surface of the housing. Pref-
erably, a frame may be provided around the membrane,
so that the resilient seal may be provided between the
membrane and the frame. The frame may then be used
for connecting the membrane to the housing, such as at
a periphery or inner surface of the housing. This allows
the membrane to move relative to the housing while en-
suring airtight operation. So, the airtight operation acts
to increase the intensity of the sound output.

[0019] The choice of material for the resilient seal may
be made based on a number of parameters, such as the
movement to be covered, the forces applied and the like.
The same material may be used between the membrane
and the housing as between the membrane and the coil.
Alternatively, different materials may be used. Typically,
plastic materials, like polymers or the like, are used.
[0020] The resilient seal is configured to prevent air
from moving between the membrane portions while al-
lowing the membrane to vibrate or move independently
of the housing. In order for the resilient seal not to transfer
too much of one membrane’s movement to the housing,
the resilient seal may be selected with a sufficiently large
bendability or stretchability. The function of the resilient
seal is to mimic that of standard sealing elements for
sealing between a membrane and a housing or frame of
the membrane. Thus, the same types of elements,
shapes, functions and materials may be used.

[0021] The resilient seal preferably offers a minimum
resistance to the membrane movement. Thus, the resil-
ient material preferably has a compliance (quantified in
m/N which is the inverse of stiffness, N/m) whichis higher,
preferably much higher, than the compliance of the mem-
brane. Preferably, the compliance of the resilient seal is
at least one order of magnitude higher than that of the
membrane. A mechanical compliance that has been
found suitable is in the interval of 0.1-0.0001 m/N, pref-
erably in the interval of 0.08-0.0008 m/N, preferably
0.07-0.001 m/N, preferably 0.05 m/N - 0.005 m/N.
[0022] Alternatively or in addition, preferably the resil-
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ient material is as stretchable as possible. When the
stretchability of the resilient material increases, the dis-
tortion caused by the resilient material drops.

[0023] Preferably, the resilient seal is made of a poly-
mer material, such as PU or PET. Usually, PU can be
stretched 50% before breaking. Naturally, the thickness
and other parameters of the resilient material may influ-
ence the operation thereof. The density, for example,
may be altered by providing the material as a foam, such
as a closed foam, which then will often be less dense
and thus more resilient (stretchable, bendable and the
like) than if provided as a solid material.

[0024] Ideally, the resilient material has aninfinite com-
pliance (and hence zero stiffness), and the material of
the membrane and/or oblong elements has an infinite
stiffness (and hence zero compliance). However, a stiffer
material may be used in order to apply damping to the
movements of the portions of the membrane. In one ex-
ample, the resilient material is PU with a thickness of
0.001-0.1 mm, preferably 0.01-0.05 mm, preferably
around 0.015 mm or PET with a thickness of 0.001-0.05
mm, preferably 0.002-0.01 mm, preferably 0.004-0.005
mm.

[0025] Anothertype of material useful as aresilient ma-
terial is a gel. Gels combine high damping properties with
low stiffness and thus may reduce the peak at resonance
frequency to make the resonance frequency peak less
sharp and thus alter the corresponding sound to be more
pleasant. Reducing the resonance frequency peak will
spread the acoustic energy in the "surrounding” frequen-
cyrange. Thus, the resonance frequencies obtained with
the oblong elements may be further manipulated by se-
lecting the resilient material, such as a gel with desired
parameters.

[0026] Also, the use of a gel may reduce the number
of steps in the process of adding the sealing material to
the membrane. Using a sheet/foil shaped resilient mate-
rial may require the stretching of the foil and gluing the
stretched foil to the membrane and, potentially, also mak-
ing a rib therein. Gels and their use in transducers such
as receivers may be seen in the Applicants co-pending
application EP 3342 749, which is hereby incorporated
by reference in its entirety.

[0027] The resilient seal may be provided between the
membrane and the housing, frame and/or coil. Thus, the
gel may be used in one or both of these positions and a
sheet of a resilient material, such as PU or PET may be
used in one or more of these positions. In addition, at the
hinge portion, a slit may be provided which may again
be covered by a gel or a sheet. Any combination may be
used. The gel may be applied in a non-cured state and
then cured to become less viscous or more rigid or stiff.
The degree of curing and the resulting properties may
be adapted to the desired properties of the gel.

[0028] Afurtheralternative materialfor the resilient ma-
terial is a resin or a mineral filler.

[0029] The resilient material may be provided as a
sheet-like element covering only a space between the
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membrane and the frame/housing/coil or as a sheet cov-
ering all of the membrane. The latter is an easier manner
of obtaining a membrane, even though the membrane
becomes slightly heavier and the manufacturing may
comprise additional steps.

[0030] In a preferred embodiment, the receiver further
comprises one or more elements attached to an inner
surface of the coil and a resilient seal between the mem-
brane and the one or more elements. The elements are
preferably oblongly shaped. In this manner, the resilient
material may not be connected to or attached directly to
the coil but to the elements. This may facilitate attach-
ment of the resilient material or seal.

[0031] Preferably, the membrane is rotatable (such as
by torsion) around a deflecting portion or an axis which
often is at or close to a side wall of the housing. The
membrane, such as the deflecting portion, may be at-
tached to this side wall or to e.g. a frame attached to the
housing. The deflecting portion may be a portion with a
lower resilience, such as a weakened, thinner, more nar-
row portion or the like, so that the rotation of the mem-
brane takes place at or primarily around this portion. The
deflecting portion may be well defined, such as having a
small extent along a longitudinal direction of the mem-
brane, or less well defined, so that rotation may take place
around a longer portion along the longitudinal direction
of the membrane. The deflecting portion acts to both at-
tach the membrane in relation to the housing and facilitate
the relative movement between the membrane and the
housing. With the rotation around the deflecting portion,
the movement of the membrane is a rotation and not e.g.
a piston movement where all portions of the membrane
move the same distance in relation to the housing.
[0032] Preferably the membrane is rotatable in relation
to a deflecting portion, the one or more elements being
connected to the deflecting portion. The elements may
be attached to the deflecting portion or may be unitary
with the deflecting portion. 6 The membrane preferably
is rotatable also in relation to the elements, so that the
elements do not to any large degree prevent rotation of
the membrane. The connection of the elements to the
deflecting portion assists in both ensuring an airtight sep-
aration between the housing chambers and in attaching
or fixing the coil to the membrane. Then, itis possible to
attach the coil to the elements, as the relative movement
is created between the elements and the membrane. In
this manner, the attachment need not be resilient but may
be fixed, such as by gluing.

[0033] Preferably, the deflecting portion is provided at
the coil, such as at a portion of the coil extending away
from a main portion of the membrane. In this manner,
the movement of the membrane and the coil is limited,
as the portion of the relative movement is farther from
the coil.

[0034] Another aspect of the invention relates to a
method of manufacturing a receiver, the method com-
prising:
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- providing a first housing portion also comprising a
sound output opening,

- providing a first magnet,

- providing a second housing portion, where, when
the first and second housing portions are attached
to each other, the second magnet is positioned so
as to generate a magnet gap,

- providinga membrane assembly comprising a mem-
brane and a coil, the membrane having a first mem-
brane portion extendinginside the coil, the first mem-
brane portion configured to rotate in relation to the
coil, wherein the method further comprising

- assembling the receiver by providing the membrane
assembly in a volume defined between the first and
second housing portions so as to divide the space
into a front and a back chamber, a first portion of the
coilbeing provided in the frontchamber and a second
portion of the coil being provided in the back cham-
ber.

[0035] The aspects of the invention may be combined
and interchanged, as may embodiments and situations
thereof.

[0036] In this manner, the number of elements to be
handled and the number of steps is reduced compared
to assembly of the state of the art receivers. Pre-assem-
bling the membrane and coil, for example, simplifies the
method considerably, making an easierand quicker man-
ufacturing process possible at lower cost. The magnet
may be provided in one ofthe firstand the second housing
portions before assembly, so as to reduce the number
of sub-assemblies to handle.

[0037] If the housing itself is not sufficient to generate
areturn path for the magnetic field generated by the mag-
net, a yoke member or the like may be provided for this
purpose. This yoke member may be divided into portions
each attached to one of the housing portions prior to the
assembling step. Alternatively, the yoke member or por-
tions may be a separate subassembly. One of the hous-
ing portions or both housing portions may additionally
comprise, as mentioned above, electrically conducting
portions configured to transfer an electrical signal from
outside of the housing to the coil. The housing portions,
when assembled, define the inner volume. Preferably,
one or both housing portions are concavely shaped.
[0038] The step of providing the first housing portion
may thus, comprise shaping a material into the first hous-
ing portion and the generation of the sound opening. Al-
ternatively, this step may also comprise attaching the
magnet and optionally yoke member(s) to the first hous-
ing portion. The step of forming the second housing por-
tion may also comprise a step of shaping a material to
the desired shape. Preferably, the first and second por-
tions are shaped such that, when assembled, the inner
volume has no other sound outputs than that of the first
housing portion.

[0039] The step of providing the membrane assembly
may comprise the step of providing the coil, such as shap-
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ing it from one or more conductors. The membrane has
a first membrane portion extending inside the coil. Thus,
the step may comprise providing the first membrane por-
tion inside the coil. This step may also comprise directly
or indirectly attaching the coil to the membrane, so that
the membrane assembly can be handled as a unit. The
assembly step may comprise positioning the membrane
assembly in relation to one of the housing portions and
subsequently positioning the other housing portion in re-
lation there to.

[0040] The membrane assembly divides the inner vol-
ume of the housing into the two chambers. In a preferred
embodiment, the step of providing the membrane assem-
bly comprises providing a membrane assembly compris-
ing a frame, the membrane being rotatable in relation to
the frame, a resilient material being provided between
the membrane and the frame. In that situation, the frame
may be attached to the housing during the assembly step.
Otherwise, airtight operation could be obtained by pro-
viding the resilient material between the membrane and
the housing.

[0041] The attachment of the frame to the housing may
be a gluing/welding/soldering thereof to the housing, a
press-fitting thereof to the housing or the providing of the
frame between the housing portions so as to fix the frame
between the housing portions during assembly.

[0042] As mentioned, a yoke member may be provided
for closing the field lines of the magnet(s), if it e.g. is not
desired to have the field travel in the material of the hous-
ing. This yoke member may comprise a portion of the
frame, so that the field lines pass from a yoke portion
above the membrane to a yoke portion below the mem-
brane through a portion of the frame, which usually will
be close to the housing and may extend slightly into the
housing volume and away from the walls.

[0043] The coil may be a free-standing object or it may
be provided on a bobbin. Alternatively, the coil may be
wound directly on the desired portion of the membrane
so that it may not require glue or the like for attaching it
to the membrane. Further, a bobbin may be attached to
the membrane, where after the coil may be wound on
the bobbin.

[0044] Inapreferred embodiment, the step of providing
the membrane assembly comprises also the step of pro-
viding the resilient seal between an inner surface of the
coil and the first membrane portion. In this manner, the
membrane may move relative to the coil during airtight
operation. Alternatively, the membrane may fit the inside
ofthe coils so wellthat a materialis not required to provide
a sufficient sealing between the membrane and the coil.
Ultimately, the membrane may be fixed to the coil so as
to not be movable in relation to the coil at least in the coil
tunnel. In this situation, the membrane portions outside
of the coil will be movable so as to generate sound. The
deflecting portion may be a part of the membrane or a
separate element therefrom. The membrane may be at-
tached to the deflecting portion, such as via a resilient
material.
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[0045] Inapreferred embodiment, the step of providing
the membrane assembly comprises attaching the coil in
relation to the membrane. In that manner, a more easy
to handle unit is achieved. In this embodiment, the fas-
tening step may comprise fastening the coil to the one
or more elements of the membrane. Preferably, the fas-
tening step comprises fastening the coil to one or more
elements of the membrane, the membrane assembly
comprising a deflecting portion, the membrane being ro-
tatable in relation to the deflecting portion and the one or
more elements being attached to the deflecting portion.
As mentioned above, the elements may have been sep-
arate from the deflecting portion or the deflecting portion
and the one or more elements may be provided as a
unitary unit.

[0046] Inapreferred embodiment, the step of providing
the first housing portion comprises providing the first
housing portion comprising the first magnet and the step
of providing the second housing portion comprises pro-
viding the second housing portion comprising a second
magnet. In this manner, also the magnets form part of
pre-assembled sub-assemblies so that the assembly of
the overall receiver may be made generally from the two
housing portions and the membrane assembly.

[0047] In the following, preferred embodiments will be
described with reference to the drawing, wherein:

- Figure 1 illustrates a cross-section of a receiver ac-
cording to the invention,

- Figure 2illustrates a membrane element and frame
for use in the receiver of figure 1,

- Figure 3iillustrates a coil attached to the membrane,

- Figure 4 illustrates a resilient seal,

- Figure 5 illustrates the membrane assembly con-
nected to the lower housing portion,

- Figure 6 illustrates an exploded view of the receiver
of figure 1,

- Figure 7 illustrates an alternative membrane shape,

- Figure 8 illustrates a preferred embodiment,

- Figure 9illustrates the coil, coil bobbin, magnets and
yoke members in cross section,

- Figure 10 illustrates yet another preferred embodi-
ment of a receiver,

- Figure 11 illustrates a further preferred embodiment
of a receiver, and

- Figure 12illustrates the yoke members, coil, magnet
and membrane of the receiver in figure 11.

[0048] Infigure 1, a receiver 10 is illustrated in a cross
section. The receiver 10 comprises a housing 20, formed
by a first housing portion 202 and a second housing por-
tion 204, and having a sound output opening 22. In the
housing 20, a coil 24 is provided. Also, a magnet assem-
bly 26 is provided, formed by magnets 26’, 26" generating
a magnet gap 27 in which a membrane 28 is provided
having the combined function of an armature for gener-
ating a magnetic field and a diaphragm for displacing air
and producing sound output. The membrane 28 is con-
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figured to carry an electromagnetic field generated there-
in by a current fed to the coil 24. As the membrane 28,
supporting this field, is provided in the magnet gap 27,
the membrane 28 is forced in a direction along the field
lines of the magnetic field. Thus, the current is converted
into movement of the membrane 28, thus causing sound
to be generated in the housing 20. The membrane 28
divides aninner space ofthe housing 20 into a front cham-
ber 12 and a back chamber 14, where the sound output
opening 22 is an opening in the front chamber 12 to the
surroundings of the receiver 10.

[0049] Figure 2 shows that one or more elements 288
may be provided for guiding magnetic fields outside of
the magnets 26’, 26" and the magnet gap 27. In another
configuration these elements may also be the housing
20 itself.

[0050] Figure 3 shows the assembly 25 of the mem-
brane 28 and coil 24. The membrane 28 also has a mem-
brane portion 283 extending through a coil tunnel 23 of
the coil 24. Preferably a resilient seal 30 - see figure 4,
such as a thin polymer layer, is provided between the
membrane 28 and the inner surface of the housing 20 or
the frame 284 surrounding the membrane 28 and con-
nected to or connectable to the housing 20. This sealing
covers an opening 294 between the membrane 28 and
the frame 284. In this manner, air cannot move around
the edges of the membrane 28 from the front chamber
12 to the back chamber 14.

[0051] A sealing is also provided between the mem-
brane 28 and an inner surface of the coil 24 or between
the coil 24 and extending portions 288 extending inside
the coil 24 and which are connected to, such as in an air
sealing manner, the inner surface of the coil 24. That
sealing then may cover an opening 292. Now, the mem-
brane portion 282 is capable of rotating vis-a-vis the
frame 284 provided around it as well as in relation to a
bending or deflecting portion 286 at the end of this mem-
brane assembly 25.

[0052] The resilient seal 30 allows the membrane 28
to move up and down while preventing air flow from the
front chamber 12 to the back chamber 14. This air flow
would reduce the efficiency of the receiver 10. The resil-
ient sealing material is provided as a resilient seal 30
covering the complete surface of the membrane 28, such
as also on the membrane 28 itself and optionally also on
the frame 284. This sealing and the membrane 28 divides
an inner volume of the housing 20 into the front chamber
12 and the back chamber 14. Alternatively, a pressure
equalising opening may be provided, through which air
may flow at a rate so low that the opening does not sup-
port sound with a frequency above 30 Hz, preferably
above 10 Hz, preferably above 5 Hz.

[0053] As itis desired that also the portion 283 of the
membrane 28 positioned within the coil 24 is movable,
the sealing thereinis resilient. The extended portions 288
allow fastening of the membrane 28 to the coil 24 while
allowing the membrane portion 283 to move inside the
coil 24. It is seen that the membrane 28 may be paddle
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shaped with a wider portion 282 where the magnets 26,
26" are located and a more narrow portion 283 inside the
coil 24. In this manner, the total width of the wider portion
282 of the paddle, added twice the width of the opening
294, may correspond to an outer width of the coil 24.
Then, a very efficient use of the space is seen, especially
at low frequencies. Clearly, the portions the farthest from
the bending portion or hinge portion 286 are the most
efficient, so that efficiency lost by the narrowed portion
283 of the membrane 28 is very small.

[0054] The assembly of the present receiver 10 is rel-
atively simple. Three sub-assemblies may be provided:
afirst housing portion 202 with the sound output opening
22 and with a first magnet 26’, a second housing portion
204 with a second magnet 26", and a membrane assem-
bly 25 comprising a membrane 28, the frame 284, the
resilient seal 30 and the coil 24. The only other step need-
ed is to connect the coil 24 to conducting elements 288
ofthe membrane 28 and to then close the firstand second
housing portions 202, 204 around the membrane assem-
bly 25 so that the membrane assembly 25 divides an
inner space of the housing 20 into the front chamber 12
and back chamber 14.

[0055] Infigure4,aresilientseal 30isillustrated having
a half-roll shaped portion 34 configured to coverthe open-
ing 294 to allow the membrane portion 282 to move while
retaining air tightness. This resilient seal 30 may be at-
tached to the membrane 28 so as to be attached to the
membrane portion 282 and the frame 284. The resilient
seal 30 may be severed or cut along the broken lines at
the openings 290 to allow the coil 24 to be attached. A
half-roll portion may also be provided for covering the
opening 292, but as the relative movement between the
elements 288 and the membrane portion 283 may be
rather low, the natural resilience of the resilient seal 30
may suffice.

[0056] In figures 5 and 6, the membrane assembly 25
is seen with the coil 24, the membrane 28 and the resilient
seal 30 provided on top of the second housing portion
204. The position of the magnet assembly 26 is also il-
lustrated. The coil 24 may be attached to the elements
288 and optionally additionally to the frame 284. Then,
the assembly is more rugged and easier to handle.
[0057] In figure 7, another membrane 28 shape is il-
lustrated which has a narrower portion 283, a wider por-
tion 282, openings 290, 292 and 294, and a hinge portion
286. In this configuration the frame 284 is attached to the
membrane 28 and additionally has two upwardly bent
portions which may add to a stiffness of the assembly,
not the least before mounting in the housing 20. Itis also
seen that the whole assembly forms one piece even be-
fore adding the resilient seal 30 illustrated in the lower
illustration of figure 7.

[0058] Infigure 8, apreferred embodimentofareceiver
10 is shown in which, in addition to the elements 288
described above, the coil 24 is provided on a coil bobbin
241. The advantage of a coil bobbin 241 is that it makes
the coil 24 easier to handle. The coil bobbin 241 may be
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attached to the membrane 28 before or after the coil 24
has been wound on it. In addition to the coil bobbin 241,
this embodiment also has a magnet yoke member 261
which acts to transport the magnetic field in a more effi-
cient manner without requiring the field to travel through
the material of the housing 20. It may be desired to not
have the field mainly travel through the material of the
housing 20, such as if restrictions exist as to the fields
emitted by the receiver 10.

[0059] The coil 24, coil bobbin 241, magnets 26’,
26" and yoke member 261 are illustrated also in figure
9. The coil bobbin 241 may be made as a single or mon-
olithic element, whereas it may be desired to provide the
yoke member 261 as two individual elements, as they
will be provided on either side of the membrane 28 but
may be in contact with each other outside of the mem-
brane 28, such as via the frame 284. Thus, the frame
284 may form part of the yoke member 261 or the path
which the magnetic field lines take outside of the magnet
gap 27. Itis noted that the yoke member 261, in addition
to the magnet(s) 26’, 26", may be attached to the respec-
tive first or second housing portion 202, 204, to still stay
within the desired, low number of sub-assemblies.
[0060] In figure 10, a further preferred embodiment of
areceiver 10 is illustrated which has the configuration of
figure 8 but in which the membrane 28 is attached to the
housing 20 in a different manner. In figure 8, as in figure
1, the membrane 28 is attached to the housing 20 by the
frame 284 being provided between the first and second
housing portions 202, 204. In this embodiment an inner
ledge 21 is formed on which the membrane 28 or frame
284 may lie or be attached to. The ledge 21 may be pro-
vided by slightly bending the upper portions of the second
housing portion 204 inwardly, or these portions may be
made slightly thicker so that the ledge 21 is formed. Al-
ternatively, an elementmay be attached to the first and/or
second housing portion 202, 204 of the housing 20 to
form a ledge 21 to which the membrane 28 and/or frame
284 may be attached. Naturally, the membrane 28 and/or
frame 284 may also simply be glued or attached in other
manners to the first housing portion 202 and/or second
housing portion 204.

[0061] In figure 11, a further preferred embodiment of
a receiver 10 is illustrated which, compared to figure 1,
has a magnet yoke structure 262 which also differs from
that of figure 10. The yoke structure 262 is illustrated
together with the membrane 28 / frame 284, the magnet
assembly 26 and the coil 24 in figure 12 from different
angles. In figure 11, itis seen that the yoke structure 262
now also extends to the membrane portion 283 at the
other end of the coil 24. The illustrated yoke structure
262 also extends around the magnets 26’, 26" and the
membrane portion 282. The return path along the yoke
structure 262 and through the membrane 28 at the hinge
portion 286, or even farther from the coil 24 if desired,
may suffice to provide a sufficient path for the magnetic
field lines. The yoke structure 262 may be provided in
two parts which may each be connected to a housing
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portion 202, 204, so as to be handled in unison with the
housing portion 202, 204 and a magnet 26’, 26".

[0062] Clearly, a receiver 10 of this reduced size may
be used in combination with other receivers, such as oth-
er receivers of the present design, so that a potent com-
bination of multiple receivers may be provided which nev-
ertheless has a limited size. Assemblies with multiple re-
ceivers may be provided which have reduced vibration
or particular dimensions or cross sections.

[0063] Although the invention has been discussed in
the foregoing with reference to exemplary embodiments
of the invention, the invention is not restricted to these
particular embodiments which can be varied in many
ways without departing from the invention. The discussed
exemplary embodiments shall therefore not be used to
construe the appended claims strictly in accordance
therewith. On the contrary, the embodiments are merely
intended to explain the wording of the appended claims,
without intent to limit the claims to these exemplary em-
bodiments. The scope of protection of the invention shall
therefore be construed in accordance with the appended
claims only, wherein a possible ambiguity in the wording
of the claims shall be resolved using these exemplary
embodiments.

Claims

1. Areceiver (10) comprising a coil (24), a magnet as-
sembly (26) forming a magnet gap (27) and a mem-
brane (28), the coil (24), magnet assembly (26) and
membrane (28) provided in a housing (20) compris-
ing a sound output opening (22) and defining aninner
volume, wherein the membrane (28) divides the in-
ner volume into a front chamber (12) and a back
chamber (14), the front and back chambers (12, 14)
being at least partly defined by opposite sides of the
membrane (28), characterised in that the coil (24)
has a first portion provided in the front chamber (12)
and a second portion provided in the back chamber
(14).

2. Areceiver (10) according to claim 1, characterised
in that the coil (24) forms a coil tunnel (23) and the
magnet assembly (26) forms a magnet gap (27), the
membrane (28) extending through the coil tunnel
(23) and the magnet gap (27).

3. A receiver (10) according to any of the preceding
claims, characterised in that the receiver (10) fur-
ther comprising a resilient seal (30) between the
membrane (28) and an inner surface of the coil (24).

4. Areceiver (10) according to claim 1 or 2, character-
ised in that the receiver (10) further comprising one
or more elements (288) attached to an inner surface
of the coil (24) and a resilient seal (30) between the
membrane (28) and the one or more elements (288).

10

15

20

25

30

35

40

45

50

55

5. Areceiver (10) according to claim 4, characterised
in that the membrane (28) is rotatable in relation to
a deflecting portion (286), the one or more elements
(288) being connected to the deflecting portion (286).

6. A receiver (10) according to claim 5, characterised
inthatthe membrane (28) is rotatable alsoin relation
to the one or more elements (288).

7. A receiver (10) according to any of the preceding
claims, characterised in that the receiver further
comprising a frame (284) and a resilient seal (30)
provided between the membrane (28) and the frame
(284).

8. Amethod of manufacturing areceiver (10), the meth-
od comprising:

- providing a firsthousing portion (202) also com-
prising a sound output opening (22),

- providing a first magnet (26’),

- providing a second housing portion (204),
where, when the first and second housing por-
tions (202, 204) are attached to each other, the
second magnet (26") is positioned so as to gen-
erate a magnet gap (27),

- providing a membrane assembly (25) compris-
ing a membrane (28) and a coil (24), the mem-
brane (28) having afirst membrane portion (283)
extending inside the coil (24), the firstmembrane
portion (283) configured to rotate in relation to
the coil (24),

characterised in that the method further com-
prising

- assembling the receiver (10) by providing the
membrane assembly (25) in a volume defined
between the first and second housing portions
(202, 204) so as to divide the space into a front
and a back chamber (14), a first portion of the
coil (24) being provided in the front chamber (12)
and a second portion of the coil (24) being pro-
vided in the back chamber (14).

9. A method according to claim 8, characterised in
that the step of providing the membrane assembly
(25) comprises providing a membrane assembly
comprising a frame (284), the membrane (28) being
rotatable in relation to the frame (284), a resilient
seal (30) being provided between the membrane
(28) and the frame (284).

10. A method according to claim 8 or 9, characterised
in that the method further comprising the step of
providing the resilient seal (30) between an inner sur-
face of the coil (24) and a first membrane portion
(283).

11. A method according to any of claims 8-10, charac-
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terised in that the step of providing the membrane
assembly (25) comprises attaching the coil (24) in
relation to the membrane (28).

A method according to claim 11, characterised in
that the method further comprising fastening the coil
(24) to the one or more elements (288) of the mem-
brane (28), the membrane assembly (25) comprising
a deflecting portion (286), the membrane (28) being
rotatable in relation to the deflecting portion (286)
and the one or more elements (288) being attached
to the deflecting portion (286).

A method according to any of claims 8-12, charac-
terised in that the step of providing the first housing
portion (202) comprises providing the first housing
portion (202) comprising the first magnet (26’) and
the step of providing the second housing portion
(204) comprises providing the second housing por-
tion (204) comprising a second magnet (26").
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