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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to moving armature receiver assemblies wherein a first
U-shaped armature and a second U-shaped armature are configured for suppression of
vibration of a housing structure along a longitudinal housing plane.

BACKGROUND OF THE INVENTION

[0002] Moving armature receivers are widely used to convert electrical audio signals into
sound in portable communication applications such as hearing instruments, headsets, in-ear-
monitors, earphones etc. Moving armature receivers convert the electrical audio signal to
sound pressure or acoustic energy through a motor assembly having a movable armature. The
armature typically has a displaceable leg or segment that is free to move while another portion
is fixed to a housing or magnet support of the moving armature receiver. The motor assembly
includes a drive coil and one or more permanent magnets, both capable of magnetically
interacting with the armature. The movable armature is typically connected to a diaphragm
through a drive rod or pin placed at a deflectable end of the armature. The drive coil is
electrically connected to a pair of externally accessible drive terminals positioned on a housing
of the miniature moving armature receiver. When the electrical audio or drive signal is applied
to the drive coil the armature is magnetized in accordance with the audio signal. Interaction of
the magnetized armature and a magnetic field created by the permanent magnets causes the
displaceable leg of the armature to vibrate. This vibration is converted into corresponding
vibration of the diaphragm due to the coupling between the deflectable leg of the armature and
the diaphragm so as to produce the sound pressure. The generated sound pressure is
typically transmitted to the surrounding environment through an appropriately shaped and
sized sound port or spout attached to the housing or casing of the moving armature receiver.

[0003] However, the vibration of the deflectable leg of the armature and corresponding
vibration of the diaphragm causes a housing structure of the moving armature receiver to
vibrate in a complex manner with vibration components generally extending in all spatial
dimensions e.g. along a longitudinal housing plane (e.g. chosen as x-axis direction) and
housing planes perpendicular thereto (e.g. chosen as y-axis and z-axis directions).

[0004] These vibration components are undesirable in numerous applications such as hearing
instruments or other personal communication devices where these vibrations may cause
feedback oscillation due to the coupling of mechanical vibration from the housing of the moving
armature receiver to a vibration sensitive microphone of the personal communication device.
Moving armature receivers or loudspeakers have therefore conventionally been mounted in
resilient suspensions in many types of personal communication device such as Behind-The-
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Ear and In-The-Ear hearing aids to suppress or attenuate mechanical vibrations to prevent
these from being transmitted to a microphone of the hearing aid. Conventional or prior art
resilient suspensions include elastomeric rubber boots and elastomeric strips or ribbons
mounted to partly or fully enclose the receiver housing. However, these resilient suspensions
exhibit relatively small compliance or large stiffness along a longitudinal housing plane of the
receiver while exhibiting a much larger compliance in the housing planes transversal to the
longitudinal housing plane.

[0005] In prior art moving armature receivers efforts have been made to reduce the level of
vibration for example by designing dual-diaphragm receivers such that a first and a second
armature have been arranged in a mirror-symmetrical fashion about a central longitudinal
housing plane extending through the dual-diaphragm receiver. US 4,109,116 discloses such a
miniature dual-diaphragm moving armature receiver for hearing aid applications. The dual-
diaphragm receiver is formed as a back-to-back mounted assembly of two conventional single
diaphragm moving armature receivers to achieve suppression of mechanical vibrations of the
receiver. The disclosed dual-diaphragm receiver comprises a pair of U-shaped armatures
mounted mirror-symmetrically around a central longitudinal plane extending in-between a pair
of abutted separate housing structures. During operation, deflectable legs of the two U-shaped
armatures, and respective diaphragms coupled thereto, move in opposite directions in a plane
perpendicular to the central longitudinal housing plane to suppress vibrations along the
perpendicular plane.

[0006] Unfortunately, this type of mirror-symmetrical dual-receiver design is not very efficient
in cancelling or attenuating mechanical vibrations along the central longitudinal plane of the
receiver housing. The linkage segments of the U-shaped armatures will move simultaneously
in the same longitudinal direction so as to reinforce vibration instead of cancelling vibration in
the longitudinal plane.

[0007] Since the U-shaped armature geometry generally possesses numerous advantageous
properties such as large armature compliance for given armature dimensions and a small
width, a moving armature receiver assembly based on two or more U-shaped armatures with a
reduced level of housing vibration, in particular along the longitudinal housing plane of the
receiver, would be an improvement in the art.

SUMMARY OF INVENTION

[0008] The invention is defined by the appended claims. A first aspect of the invention relates
to a moving armature receiver assembly comprising a housing structure having a longitudinal
housing plane; the housing structure enclosing:

a first U-shaped armature comprising a fixed leg and a deflectable leg both extending parallelly
to a first longitudinal armature plane and mechanically and magnetically interconnected
through a first curved linkage portion,
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-a second U-shaped armature comprising a fixed leg and a deflectable leg both extending
parallelly to a second longitudinal armature plane and mechanically and magnetically
interconnected through a second curved linkage portion. In accordance with the invention, the
first and second

first U-shaped armatures are configured for suppression of vibration of the housing structure in
direction of the longitudinal housing plane. The suppression of mechanical vibration is
achieved in several different ways in accordance with the various embodiments of the invention
as described below in further detail. The simultaneous displacement in the same direction of
the first and second curved linkage portions, or necks, of the U-shaped armatures in prior art
dual-receivers makes a large contribution to mechanical vibration along the longitudinal
housing plane as explained above. Therefore, one group of advantageous embodiments of the
present invention suppresses mechanical vibration along the longitudinal housing plane by
configuring the first and second curved linkage portions for oppositely directed displacement or
movement along the longitudinal housing plane.

[0009] Another embodiment of the present moving armature receiver assembly suppresses
mechanical vibration in direction of the longitudinal housing plane by rotating the first and
second U-shaped armatures in opposite directions about the longitudinal housing plane. If the
U-shaped armatures are rotated in such a way that the resulting force components acting on
the vibrating deflectable legs of both U-shaped armatures lie on the same axis, but project in
opposite direction, considerable suppression of the resulting force components is achieved.

[0010] The skilled person will understand that the term "fixed leg" as applied in the present
specification does not rule out that a portion of the fixed leg is able to vibrate or be deflected to
some extent albeit with a smaller vibration amplitude than the corresponding deflectable leg.
Only a limited portion of the fixed leg may be rigidly fastened to a magnet housing of the
moving armature receiver assembly or fastened to another stationary structure thereof. The
magnet housing may be magnetically and mechanically coupled to a pair of permanents
magnets between which a magnet gap is formed. A deflectable leg of the first or second U-
shaped armature preferably extends through the magnet gap.

[0011] The moving armature receiver assembly preferably comprises one or more drive coils
forming one or more coil tunnels or apertures surrounding at least a section of the first or the
second deflectable leg of the respective U-shaped armature. By application of an audio or AC
signal to the drive coil or coils, a magnetic flux through the first and second deflectable legs
alternates in a corresponding manner such that the first and second deflectable legs are
displaced or vibrates in a direction perpendicular to the first and second longitudinal armature
planes.

[0012] The first and second curved linkage portions, or necks, of the first and second U-
shaped armatures preferably comprise respective curved segments such as semi-circular
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segments or arc-shaped segments. The skilled person will, however, understand that "U-
Shaped" as applied in the present specification covers all types of curved or similarly shaped
curved linkage portions with different radii of curvature. Likewise, the curved linkage portion
may comprise an intermediate straight section joined to a pair of curved linkage portions.

[0013] In one embodiment of the invention, the deflectable leg of the first U-shaped armature
and the deflectable leg of the second U-shaped armature project into a common magnet gap.
The magnet gap may be formed between outer surfaces of a pair of oppositely positioned
permanent magnets. The use of a common or shared magnet gap is advantageous for several
reasons such as to minimize overall dimensions of the moving armature receiver assembly.
Smaller dimensions are a significant advantage in hearing instrument applications and other
size constrained applications. Furthermore, the common or shared magnet gap is also
beneficial in reducing the number of separate components of a motor assembly or system of
the moving armature receiver assembly. In addition, the number of manufacturing steps
required to produce the moving armature receiver assembly may be reduced. Both of these
latter factors are effective in reducing the total manufacturing costs of the moving armature
receiver.

[0014] In one such embodiment, the first and second U-shaped armatures are positioned
mirror symmetrically about the longitudinal housing plane extending in-between the first and
second U-shaped armatures so as to orient the first and second U-shaped armatures in same
direction along the longitudinal housing plane. This mirror symmetrical orientation of the U-
shaped armatures means that the deflectable leg of the first U-shaped armature and the
deflectable leg of the second U-shaped armature extend parallelly to each other in close
proximity along the longitudinal housing plane for example separated by an air gap with a
height between 2 and 20 ym, more preferably between 5 and 10 ym. Furthermore, the first
and second curved linkage portions are similarly oriented along the longitudinal housing plane,
i.e. the curved linkage portions "points" in the same direction. The mirror symmetrical
orientation of the U-shaped armatures in connection with the shared magnet gap means that
both deflectable legs are displaced simultaneously in the same direction perpendicular to the
longitudinal housing plane, i.e. in a z-axis direction. Consequently, the first and second curved
linkage portions are displaced in opposite directions along the longitudinal housing plane so as
to suppress or attenuate mechanical vibration in the latter plane. One or both of the
displaceable legs may be coupled to a diaphragm through a suitable drive pin or pins so that
vibratory motion of the displaceable leg(s) are conveyed to the diaphragm for sound pressure
generation. This embodiment can provide a moving armature receiver assembly with small
height and small length due to a close proximity of the U-shaped armatures and their
alignment below each other. While the vibration suppression in the z-axis direction may be less
than the suppression obtainable in other embodiments of the present invention due to the
simultaneous displacement of the deflectable legs in the same z-axis direction, an overall
length of the first and second U-shaped armatures can be made very small. In addition,
suppression of vibrational torque or rotational force components can also be effective because
drive pins or rods, coupling the deflectable legs to a shared compliant diaphragm, can be
placed in close proximity on the respective deflectable legs of the first and second U-shaped
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armatures.

[0015] In yet another embodiment of the invention where deflectable legs are projecting into
the common magnet gap, the deflectable legs of the first and second U-shaped armatures are
both positioned in the longitudinal housing plane and without overlap in the z-axis plane. Since
the deflectable legs are aligned along the longitudinal housing plane each of the deflectable
legs projects into a partial portion of the common magnet gap such that end surfaces of the
deflectable legs are separated by a small gap. The deflectable leg of the first U-shaped
armature preferably project the same distance into the common magnet gap as the deflectable
leg of the second U-shaped armature to match the magnetic forces acting on the deflectable
legs to displace these. In this embodiment, the deflectable leg of the first U-shaped armature
may for example occupy about 50 % of a width of the common magnet gap and the deflectable
leg of the second U-shaped armature also occupy about 50 % of the width of the common
magnet gap.

[0016] In yet another embodiment of the present moving armature receiver assembly where
the deflectable legs are arranged in the common magnet gap, dimensions of first and second
U-shaped armatures are substantially identical. Furthermore, the deflectable leg of the first U-
shaped armature is preferably coupled to a first compliant diaphragm and the deflectable leg of
the second U-shaped armature coupled to a second compliant diaphragm. Effective vibration
suppression of the housing structure along the longitudinal housing plane can be achieved by
situating identically sized portions of the deflectable legs in the common magnet gap and use
essentially identical mechanical and acoustical characteristics of the first and second compliant
diaphragms. Furthermore, good vibration suppression of the housing structure is also achieved
along the plane perpendicular to the longitudinal housing plane due to the substantially
identical and oppositely directed vibration forces created by the oppositely directed
displacement of the deflectable legs along the latter plane.

[0017] The deflectable legs may have an inconvenient orientation in some of the previously
described embodiments that utilize the common magnet gap for coupling to these to the
respective compliant diaphragms. This problem is solved in accordance with a preferred
embodiment of the invention where the fixed leg of the first U-shaped armature or the fixed leg
of the second U-shaped armature comprises a thoroughgoing hole providing a passage for a
drive rod mechanically coupling the deflectable leg of the first U-shaped armature or the
deflectable leg of the second U-shaped armature to the first or second compliant diaphragms,
respectively.

[0018] In several embodiments of the invention, the first and second curved linkage portions
are oppositely oriented along the longitudinal housing plane. This means that the first and
second curved linkage portions "point" in opposite horizontal directions as illustrated in the
vertical (i.e. along the z-axis) cross-sectional views of Figs. 5 and 6. In one such embodiment
of the invention, the deflectable leg of the first U-shaped armature project into a first magnet
gap and the deflectable leg of the second U-shaped armature projects into a second magnet
gap. In this embodiment the deflectable legs accordingly project into separate magnet gaps. In
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one such embodiment, the second U-shaped armature is arranged below the first U-shaped
armature in the z-axis direction and, optionally, substantially aligned with the first U-shaped
armature along the longitudinal housing plane. The first and second U-shaped armatures are
preferably arranged in separate motor assemblies either placed inside separate receiver
housings or inside a common housing structure. The first option, allows the moving armature
assembly to be manufactured by rigidly fastening the separate receiver housings to each other
at appropriate housing walls. In this embodiment, the orientation of the second U-shaped
armature relative to the first U-shaped armature may be achieved by mirroring the first U-
shaped armature about the longitudinal housing plane and thereafter rotating the second U-
shaped armature 180 degrees about the z-axis plane. The first U-shaped armature may
additionally be displaced with a predetermined distance along the longitudinal housing plane
relative to the second U-shaped armature such that the first and second U-shaped armatures
are vertically aligned below each other or displaced horizontally with a certain distance.

[0019] In another embodiment where the respective deflectable legs of the first and second U-
shaped armatures are arranged in separate magnet gaps, the first magnet gap and the
second magnet gap are aligned to each other along the longitudinal housing plane. In addition,
the deflectable legs of the first and second U-shaped armatures are both positioned in the
longitudinal housing plane, preferably centrally through a middle of each of the first and second
magnet gaps. In this embodiment, motor assemblies of the moving armature receiver
assembly, including the first and second U-shaped armatures, may be aligned along the
longitudinal housing plane. The motor assemblies are preferably arranged within a common
receiver housing to provide a compact receiver assembly with low height despite the use of
separate magnet gaps for the first and second U-shaped armatures. An advantageous variant
of this embodiment comprises a first drive rod coupling a distal end of the deflectable leg of the
first U-shaped armature to a first diaphragm. A second drive rod is used for coupling a distal
end of the deflectable leg of the second U-shaped armature to a second diaphragm. In this
manner, the first and second drive rods may be located in close proximity horizontally (i.e.
along the longitudinal housing plane) to provide good suppression of rotational vibration
components.

[0020] Generally, in embodiments where the deflectable legs of the first and second U-shaped
armatures are arranged in separate magnet gaps it may be advantageous to select a relative
position between the U-shaped armatures, and their associated motor assemblies, along the
longitudinal housing plane such that rotational vibration components or torque components
generated by force components acting on the deflectable legs in the perpendicular direction or
z-axis direction are minimized or suppressed. This may be achieved by moving a center of
gravity of the moving armature receiver assembly into a pointwhere the torque component of
each motor assembly is substantially zero. This may for example be achieved by shifting each
of the motor assemblies along the longitudinal housing plane.

[0021] In a number of useful embodiments of the invention, the housing structure encloses a
shared acoustic front chamber arranged in-between the first diaphragm which is mechanically
coupled to the deflectable leg of the first U-shaped armature and a second compliant
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diaphragm which is mechanically coupled to the deflectable leg of the second U-shaped
armature.

[0022] As previously mentioned, suppression of mechanical vibration along the longitudinal
housing plane is according to one set of embodiments of the present moving armature receiver
assembly achieved by rotating the first and second U-shaped armatures in opposite directions
about the longitudinal housing plane. Consequently, in a preferred embodiment, the first U-
shaped armature is positioned such that the first longitudinal armature plane is rotated by a
first predetermined angle, or rotational angle, about the longitudinal housing plane and the
second U-shaped armature positioned such that the second longitudinal armature plane is
rotated by a second predetermined angle, or rotational angle, in opposite direction about the
longitudinal housing plane. The first and second predetermined angles are preferably
substantially identical and may lie between 2 and 15 degrees, such as between 5 and 10
degrees. The first longitudinal armature plane may for example be rotated by 8 degrees in
clockwise direction and the second longitudinal armature plane rotated by 8 degrees in counter
clockwise direction (equal to minus 8 degrees) about the longitudinal housing plane. The
skilled person will understand these embodiments will provide beneficial vibration suppression
of the receiver assembly along the longitudinal housing plane even with minor deviations
between the first and second predetermined angles.

[0023] In the above-mentioned embodiments, the deflectable legs of the first and second U-
shaped armature are preferably configured for oppositely directed displacement along the z-
axis plane so as to also suppress vibration of the receiver housing along the z-axis plane. This
property may be achieved by selecting appropriate spatial orientation of the first and second U-
shaped armatures and/or appropriate directions of the magnetic fields in the separate magnet

gaps.

[0024] In a number of advantageous embodiments of the invention, the first and second U-
shaped armatures have substantially identical dimensions and are made of identical materials.
The identical dimension and materials are helpful in providing optimal vibration suppression of
the housing structure in the longitudinal housing plane as well as in the orthogonal direction
thereto due to the oppositely oriented vibratory motion or displacement of the deflectable legs
and the oppositely oriented vibratory motion of the first and second curved linkage portions of
the U-shaped armatures. Naturally, further improvement of the vibration suppression may be
achieved by matching additional features of the moving armature receiver assembly such as
mechanical and acoustical characteristics of the first and second compliant diaphragms,
magnetic field strengths in the separate air gaps (if applicable), electrical characteristics of the
drive coils, acoustical loads etc.

[0025] The moving armature receiver assembly may comprise a first drive coil forming a first
coil tunnel and a second drive coil forming a second coil tunnel such that the deflectable leg of
the first U-shaped armature extends through the first coil tunnel and the deflectable leg of the
second U-shaped armature extends through the second coil tunnel. In other embodiments, the
deflectable legs are arranged in a shared coil tunnel of a single drive coil of the receiver
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assembly.

[0026] A third aspect of the invention relates to a moving armature receiver assembly
comprising a receiver housing having a longitudinal housing plane; the receiver housing
enclosing:

« a U-shaped armature comprising a fixed leg and a deflectable leg both extending
parallelly to a first longitudinal armature plane and mechanically and magnetically
interconnected through a first curved linkage portion and

¢ an E-shaped armature comprising fixed legs and a deflectable leg extending parallelly to
a second longitudinal armature plane. The first longitudinal armature plane and the
second longitudinal armature plane are rotated with respect to each other by a
predetermined rotational angle such as between 6 degrees and 14 degrees.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] A preferred embodiment of the invention will be described in more detail in connection
with the appended drawings, in which:

Fig. 1 is a schematic cross-sectional view of a prior art dual-receiver based on two U-shaped
armatures,

Fig. 2 is a schematic cross-sectional view of a moving armature receiver assembly based on
two U-shaped armatures in accordance with a first embodiment of the invention,

Fig. 2A is a schematic cross-sectional view of a moving armature receiver assembly based on
two U-shaped armatures in accordance with a variant of the first embodiment of the invention,

Fig. 2B is a schematic cross-sectional view of a moving armature receiver assembly based on

two U-shaped armatures in accordance with a 7 embodiment of the invention,

Fig. 3 is a schematic cross-sectional view of a moving armature receiver assembly based on
two U-shaped armatures sharing a common magnet gap in accordance with an example not
falling under the scope of the claims,

Fig. 4 is a graph of experimentally measured vibration amplitudes versus frequency for an
experimental version of the moving armature receiver assembly depicted on Fig. 2 in
comparison to a corresponding single armature receiver,

Fig. 5 is a schematic cross-sectional view of a moving armature receiver assembly based on
two U-shaped armatures sharing a common magnet gap in accordance with a third
embodiment of the invention,

Fig. 6 is a schematic cross-sectional view of a moving armature receiver assembly based on



DK/EP 2503792 T3

two U-shaped armatures arranged in separate magnet gaps in accordance with a fourth
embodiment of the invention,

Fig. 7A is conceptual illustration of a moving armature receiver assembly that comprises a pair
of receiver housings rotated in opposite directions about a central longitudinal housing plane to
illustrate vibration suppression concepts exploited in a fifth embodiment of the invention,

Fig. 7B is a simplified schematic view of a practical moving armature receiver assembly in
accordance with the fifth embodiment of the invention,

Fig. 8A is simplified schematic illustration of respective forces acting on two U-shaped
armatures rotated in opposite directions about a central longitudinal housing plane according

to the 5" embodiment of the invention; and

Fig. 8B is simplified schematic illustration of respective forces acting on two U-shaped
armatures rotated in opposite directions about a central longitudinal housing plane according

to a 61" embodiment of the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0028] The moving armature receiver assemblies that are described in detail below are
specifically adapted for use as miniature receivers or speakers for hearing instruments.
However, the novel and inventive vibration suppression features of the disclosed miniature
moving armature receiver assemblies may be applied to moving armature receivers tailored for
other applications such as portable communication devices and personal audio devices.

[0029] Fig. 1 is a schematic cross-sectional view of a prior art dual-receiver 100 based on two
U-shaped armatures 102, 122 enclosed within respective abutted housings 101a and 101b
forming an overall housing structure of the assembly. The housings 101a and 101b are
preferably rigidly coupled to each other through a pair of abutted housing walls for example by
welding, soldering, gluing or bonding etc. to form a unitary cohesive housing structure. The
cross-sectional view is taken centrally and vertically through the U-shaped armatures 102, 122
relative to a central horizontal housing plane 103 extending through the abutted housing walls
of housings 101a, 101b. The upper and lower portions of the dual-receiver 100 are identical.
The upper portion inside housing 101a comprises the U-shaped armature 102 which
comprises a fixed leg 105 attached to a magnet housing 104. A pair of permanent magnets
106 is magnetically coupled to different sections of the magnet housing 104 and defines a
magnet gap through which a deflectable leg 110 of the U-shaped armature 102 extends. The
deflectable leg 110 extends substantially parallel to the fixed leg 105. The fixed leg 105 and the
deflectable leg 110 are mechanically and magnetically coupled to each other through a curved
linkage portion or segment 108 of the U-shaped armature 102. A distant end portion (at or
proximate to the depicted force vector F1z) of the deflectable leg 110 is configured for
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attachment of a drive pin or rod (not shown) for transmission of vibratory motion of the
deflectable leg 110 to a compliant receiver diaphragm (not shown) located above the magnet
housing 104. The transmitted vibration generates a corresponding sound pressure above the
compliant diaphragm and this sound pressure can propagate to a surrounding environment
through a suitable sound port or opening (not shown) in the receiver housing structure 101a,
101b. As illustrated the prior art dual receiver 100 comprises a second or lower portion that is
positioned mirror symmetrically about the central horizontal plane 103 extending through the
abutted housing walls. The lower portion inside housing 101b comprises the U-shaped
armature 122 which comprises a fixed leg 125 attached to a magnet housing 124. A pair of
permanent magnets 126 is magnetically coupled to different sections of the magnet housing
124 and defines a magnet gap through which a deflectable leg 130 of the U-shaped armature
122 extends. The deflectable leg 130 extends substantially parallel to the fixed leg 125. The
fixed leg 125 and the deflectable leg 130 are mechanically and magnetically coupled to each
other through a curved linkage portion or segment 128 of the U-shaped armature 122. A
distant end portion (at or proximate to the depicted force vector F2z) of the deflectable leg 130
is configured for attachment of a drive pin or rod (not shown) for transmission of vibratory
motion of the deflectable leg 130 to a compliant receiver diaphragm (not shown) located above
the magnet housing 124.

[0030] The identical orientations and dimensions of the upper and lower portions of the dual-
receiver 101, including respective U-shaped armatures 102 and 122, means that z-axis
displacement and vibration, i.e. vibration along a plane perpendicular to the central longitudinal
housing plane103, of the deflectable legs 110, 130 is oppositely directed as indicated by the
oppositely pointing force vectors F1z and F2z. The oppositely directed force vectors created by
vibration of the deflectable legs 110, 130 (and compliant diaphragms coupled thereto) lead to
suppression or cancellation of a total z-axis vibration of the housing structure formed by the
separate receiver housings 101a, 101b.

[0031] However, the curved linkage portions or segments 108, 128 of the U-shaped
armatures 102, 122, respectively, are displaced simultaneously, or in phase, in the same
direction as indicated by force vector F1x and F2x along the central longitudinal housing plane
103. The in-phase displacement and vibratory motion of the curved linkage segments 108, 128
leads essentially to a doubling of the vibration amplitude of the housing structure along the
central longitudinal housing plane 103 compared to a corresponding single receiver, i.e. either
the separate receiver within upper receiver housing 101a or lower receiver within lower
receiver housing 101b. Hence, while the depicted prior art mirror symmetrical arrangement or
configuration of the upper and lower portions of the dual-receiver 100 may lead to suppression
of z-axis vibration, the vibration amplitude is increased instead of suppressed in the
perpendicular plane, i.e. along the central horizontal plane 103, or x-axis plane.

[0032] Fig. 2 is a simplified schematic cross-sectional view of a moving armature receiver
assembly 200 or dual-receiver 200 based on two U-shaped armatures 202, 222 in accordance
with a first embodiment of the invention. The dual-receiver 200 comprises two U-shaped
armatures 202, 222 enclosed within a shared housing structure 201 separated by a rigid
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dividing wall 215. These U-shaped armatures202, 222 may be conventionally fabricated by
machining and bending of a single flat piece of ferromagnetic material. In the alternative, the
housing structure may be formed by a pair of rigidly fastened separate housings as discussed
above in connection with Fig. 1. The cross-sectional view is taken centrally and vertically, i.e.
along a z-axis plane of the housing structure 201. While the upper and lower portions of the
dual-receiver 100 are substantially identical in terms of dimensions and materials, the lower
portion is rotated 180 degree about the z-axis plane compared to the mirror-symmetrical
arrangement depicted on the prior art receiver depicted on Fig. 1.

[0033] The upper portion comprises the upper U-shaped armature 202 which comprises a
fixed leg 205 rigidly attached to a magnet housing 204. A deflectable leg 210 is extending
substantially parallel to the fixed leg 205 and both extend parallelly to an upper longitudinal
armature plane 219. The fixed leg 205 and the deflectable leg 210 are mechanically and
magnetically coupled to each other through a neck 208 or curved linkage portion/segment 208
of the upper U-shaped armature 202. A pair of permanent magnets 206 is magnetically
coupled to different sections of the magnet housing 204 and defines a magnet gap through
which the deflectable leg 210 of the U-shaped armature 202 projects.

[0034] The skilled person will understand that the term "fixed leg" as applied in the present
specification does not rule out that a portion of the fixed leg is able to vibrate or be deflected to
some extent albeit with a smaller vibration amplitude than the corresponding deflectable leg.
Only a limited portion of the fixed leg may be rigidly fastened to the magnet housing as
illustrated in Figs. 2, 3, 5 and 6 or rigidly fastened to another stationary portion of the housing
structure.

[0035] A distant end portion (located at the depicted force vector F1z) of the deflectable leg
210 is configured for attachment of a drive pin or rod (not shown) for transmission of vibratory
motion of the deflectable leg 210 to a compliant receiver diaphragm (not shown) located above
the magnet housing 204. The transmitted vibration generates a corresponding sound pressure
above the compliant diaphragm and this sound pressure can propagate to a surrounding
environment through a suitable sound port or opening (not shown) in the housing structure
201. The distal or distant end portion of the deflectable leg 210 vibrates in accordance with the
AC variations of magnetic flux flowing through the U-shaped armature 202. These AC
variations of magnetic flux are induced by a substantially corresponding AC drive current in a
drive coil (not shown) surrounding at least a portion of the deflectable leg 210. A pair of
electrical terminals may be placed on a rear side of the housing structure 201 and electrically
connected to the first and second drive coils (not shown). Sound pressure is generated by the
dual-receiver 200 by applying an electrical audio signal to the pair of electrical terminals either
as an un-modulated (i.e. frequency components primarily situated between 20 Hz and 20 kHz)
audio signal or, in the alternative, a modulated audio signal such as a PWM or PDM modulated
audio signal that is demodulated by mechanical, acoustical and/or electrical lowpass filtering
performed by the dual-receiver 200.

[0036] As illustrated, the dual receiver 200 comprises a second or lower half section
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positioned below a central longitudinal housing plane 203 extending along the horizontal
housing wall 215 separating the upper and lower housing portions. The lower section
comprises the lower U-shaped armature 222 which comprises a fixed leg 225 attached to a
lower magnet housing 224. A deflectable leg 230 is extending substantially parallel to the fixed
leg 225 and both extend parallelly to a lower longitudinal armature plane 239. The fixed leg
225 and the deflectable leg 230 are mechanically and magnetically coupled to each other
through a neck 228 or curved linkage portion/segment 228 of the lower U-shaped armature
222. A pair of permanent magnets 226 is magnetically coupled to different sections of the
magnet housing 224 and defines a second magnet gap through which the deflectable leg 230
of the lower U-shaped armature 222 extends.

[0037] The upper and lower longitudinal armature planes 219, 239, respectively, are
substantially parallel to each other and parallel to the central longitudinal housing plane 203.
The lower half portion of the dual-receiver 200 is arranged in a manner that could be achieved
by firstly mirroring the upper half portion about the central longitudinal housing plane 203 and
secondly apply a 180 degree rotation of the lower half portion about the z-axis of the housing
structure 201. The relative positioning of the upper and lower half portions is such that the first
and second curved linkage portions, 208, 228, respectively, are oppositely oriented, or
"pointing", in opposite directions along the central longitudinal housing plane 203 as illustrated.
This arrangement has the beneficial effect that the curved linkage portions or segments 208,
228 of the U-shaped armatures 202, 222, respectively, are displaced simultaneously in
opposite directions along the central longitudinal housing plane 203 or x-axis of the housing
structure 201. This means that the curved linkage portions or segments 208, 228 are displaced
and vibrate out-of-phase as indicated by force vectors F1x and F2x. Hence, the first and
second first U-shaped armatures 202, 222 are configured for suppression of vibration of the
housing structure 201 in direction of the central longitudinal housing plane 203. In comparison
to the in-phase displacement or motion of the prior art receiver 100 depicted on Fig. 1, the out-
of-phase displacement and vibratory motion of the curved linkage segments 208, 228 along
the central longitudinal housing plane 203 of the present receiver embodiment 200 lead to a
significant suppression of vibration of the housing structure 201 along the central longitudinal
housing plane 203. Furthermore, z-axis plane vibration of the housing structure 201, i.e.
vibration along a plane perpendicular to the central longitudinal housing plane 203, is
suppressed as well by the oppositely directed z-axis motion or vibration of the deflectable legs
210, 230 as indicated by the oppositely pointing force vectors F1z and F2z. The suppression of
both x-axis vibration and z-axis vibration is most effective if all relevant dimensions, materials
and magnetic properties of the upper and lower portions of the dual-receiver 200, including
respective U-shaped armatures 202 and 222, are substantially identical.

[0038] Fig. 2A is a simplified schematic cross-sectional view of a moving armature receiver
assembly 200a or dual-receiver based on two U-shaped armatures 202, 222 in accordance
with a variant of the above-described first embodiment of the invention. Corresponding
features have been supplied with the same reference numerals to ease comparison. The dual-
receiver 200a comprises two U-shaped armatures 202, 222 enclosed within a shared housing
structure 201. The upper and lower half portion of the dual-receiver 200a is arranged in a
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manner similar to the arrangement described above in connection with Fig. 2. However, the
rigid dividing wall 215 which separates the upper and lower U-shaped armatures 202, 222 and
their associated motor systems in the first embodiment has in the present embodiment been
eliminated and a shared front volume or chamber 250 is arranged in-between the upper and
lower half-potions of the moving armature receiver assembly 200a. A sound spout or port 243
is mounted around an opening in the shared housing structure 201 aligned to the front volume
or chamber 250 such that sound pressure is transmitted from the front chamber to the outside
of the dual-receiver 200a. A distant end portion (located proximate to the depicted force vector
F1z) of the deflectable leg 210 of the upper U-shaped armature 202 is attached to a drive pin
or rod 207 for transmission of vibratory motion of the deflectable leg 210 to an upper or first
compliant diaphragm 209 coupled to the front volume or chamber 250 located below the
magnet housing 204. The upper compliant diaphragm 209 may be attached to the interior of
the shared housing structure 201 by a suitable compliant suspension. The vibration transmitted
through the drive pin or rod 207 vibrates the upper compliant diaphragm 209 and generates a
corresponding sound pressure in the front volume or chamber 250. In a similar manner, a
distant end portion (located proximate to the depicted force vector F2z) of the deflectable leg
230 of the lower U-shaped armature 222 is attached to a lower or second drive pin or rod 227
for transmission of vibratory motion of the deflectable leg 230 to an lower or second compliant
diaphragm 229 coupled to the front volume or chamber 250 located above the magnet housing
224 of the lower portion of the dual receiver. The lower compliant diaphragm 229 may also be
attached to the interior of the shared housing structure 201 by a suitable compliant
suspension. The curved linkage portions or segments 208, 228 of the upper and lower U-
shaped armatures 202, 222, respectively, are displaced simultaneously in opposite directions
along the central longitudinal housing plane 203, or x-axis, of the housing structure 201. The
out-of-phase displacement and vibratory motion of the curved linkage segments 208, 228
along the central longitudinal housing plane 203 lead to a significant suppression of vibration of
the housing structure 201 along the central longitudinal housing plane 203. The present
embodiment provides a compact dual-receiver structure by the central arrangement of the
front-volute 250 inside the shared housing structure 201.

[0039] Fig. 2B is a simplified schematic cross-sectional view of a moving armature receiver
assembly 200b or dual-receiver based on two U-shaped armatures 202, 222 in accordance

with a 7! embodiment of the invention. Corresponding features of the second embodiment and
the present embodiment have been provided with the same reference numerals to ease
comparison. The dual-receiver 200b comprises two U-shaped armatures 202, 222 enclosed
within a shared housing structure 201. The upper and lower half portion of the dual-receiver
200b is arranged such that the lower U-shaped armature and its associated motor systems,
comprising a pair of permanent magnets 226 magnetically coupled to a magnet housing 224,
has been turned upside down, i.e. rotated 180 degrees about the lower longitudinal armature
plane 239 compared to the embodiment depicted on Fig. 2A. In this manner, the deflectable
leg 230 of the lower U-shaped armature 222 faces a lower compliant diaphragm 229. The
deflectable leg 210 of the upper U-shaped armature 202 faces away from the upper compliant
diaphragm 209 in a manner similar to the embodiment depicted on Fig. 2A.
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[0040] A shared front volume or chamber 250 is arranged in-between the upper and lower
half-potions of the moving armature receiver assembly 200b. A sound spout or port 243 is
mounted around an opening in the shared housing structure 201 aligned to the front volume or
chamber 250 such that sound pressure is transmitted from the front chamber to the outside of
the receiver 200b. A distant end portion (located proximate to at the depicted force vector F1z)
of the deflectable leg 210 of the upper U-shaped armature 202 is attached to a drive pin or rod
207 for transmission of vibratory motion of the deflectable leg 210 to an upper or first compliant
diaphragm 209 coupled to the front volume or chamber 250 located below the magnet housing
204. To provide passage for the drive rod 207 coupled to the deflectable leg 210, a small
through going aperture or hole may be provided at suitable location of the fixed leg 205 in case
the latter leg protrudes further backward than illustrated. The upper compliant diaphragm 209
may be attached to the interior of the shared housing structure 201 through a suitable
compliant suspension. The vibration transmitted through the drive pin or rod 207 vibrates the
upper compliant diaphragm 209 and generates a corresponding sound pressure in the front
chamber 250. In a corresponding manner, a distant end portion (located proximate to at the
depicted force vector F2z) of the deflectable leg 230 of the lower U-shaped armature 222 is
attached to a lower or second drive pin or rod 227 for transmission of vibratory motion of the
deflectable leg 230 to the lower or second compliant diaphragm 229 acoustically coupled to the
front chamber 250 located above the magnet housing 224 of the lower portion of the dual
receiver 200b. The lower compliant diaphragm 229 may also be attached to the interior of the
shared housing structure 201 by a suitable compliant suspension. A small spacer 241 is
arranged intermediately between the lower most portion of the magnet housing 224 and the
bottom surface of the shared housing structure 201 to avoid rubbing or coupling the lower
armature 222 against the bottom surface. The present embodiment provides a compact dual-
receiver structure by the central arrangement of the front-volute 250 inside the shared housing
structure 201. Furthermore, the drive rod 207 of the upper U-shaped armature and the drive
rod 227 of the lower U-shaped armature are substantially aligned vertically, i.e. along the z-
axis, to provide enhanced suppression of rotational vibration components induced by z-axis
forces from the z-axis vibratory motion of the deflectable legs 210, 230.

[0041] Fig. 3 is a simplified schematic cross-sectional view of a moving armature receiver
assembly or dual-receiver 300 based on two U-shaped armatures 320, 322 sharing a common
magnet gap 312 in accordance with an example not falling under the scope of the claims. The
cross-sectional view is taken centrally and vertically, i.e. along a z-axis plane indicated by
dotted arrow "z" of a housing structure in form of a shared receiver housing (not shown). The
dual-receiver 300 comprises an upper U-shaped armature 302 and a lower U-shaped
armature 322 enclosed within the shared receiver housing (not shown). A magnet housing 304
is operatively fastened to the shared receiver housing. The upper and lower U-shaped
armatures302, 322 may be conventionally fabricated by machining and bending of a single flat
piece of ferromagnetic material. The upper and lower U-shaped armatures 302, 322 are
arranged mirror symmetrically about a central longitudinal housing plane 303. The upper and
lower U-shaped armatures 302, 322, respectively, are preferably substantially identical in terms
of dimensions and materials. The upper U-shaped armature 302 comprises a fixed leg 305
attached to the magnet housing 304. A deflectable leg 310 is extending substantially parallel to



DK/EP 2503792 T3

the fixed leg 305. The fixed leg 305 and the deflectable leg 310 are mechanically and
magnetically coupled to each other through a neck 308 or curved linkage portion/segment 308
of the U-shaped armature 302. A distant end portion of the deflectable leg 310 is located within
a common magnet gap 312. The common magnet gap 312 is formed between opposing
surfaces of a pair of permanent magnets 306 which creates a magnetic field of suitable
strength within the common magnet gap 312.The lower U-shaped armature 322 likewise
comprises a fixed leg 325 attached to the magnet housing 304. A deflectable leg 330 is
extending substantially parallel to the fixed leg 325. The fixed leg 305 and the deflectable leg
310 are mechanically and magnetically coupled to each other through a neck 328 or curved
linkage portion/segment 328 of the lower U-shaped armature 322.A distant end portion of the
deflectable leg 330 is located within the common magnet gap 312. As illustrated, the
deflectable legs 310, 330 of the upper and lower U-shaped armatures 302, 322, respectively,
are arranged substantially parallelly to each other and parallelly to the central longitudinal
housing plane 303 only separated by a small air gap. The mirrored arrangement of the upper
and lower U-shaped armatures 302, 322, respectively, in combination with the common
magnet gap 312 mean the deflectable legs 310 and 330 are displaced simultaneously in the
same z-axis direction. Therefore, both of the deflectable legs 310, 330 are preferably coupled
to a compliant diaphragm (not shown) for sound generation. Both of the deflectable legs 310,
330 preferably extend through a common coil tunnel of a shared drive coil.

[0042] The curved linkage portions 308, 328 of the upper and lower U-shaped armatures 302,
322, respectively, are displaced simultaneously in opposite directions, or out-of-phase, along
the central longitudinal housing plane 303 as indicated by force vectors F1x and F2x. Hence,
while the upper U-shaped armature 302"closes" and hence displaces the curved linkage
portions308 in the direction indicated by force vectors F1x the lower U-shaped armature 322
"opens" and displaces the curved linkage portions328 in the opposite direction indicated by
force vectors F2x. Consequently, similarly to the previously described first embodiment of the
invention, the first and second first U-shaped armatures 302, 322, respectively, are configured
for suppression of vibration of the receiver housing along the central longitudinal housing plane
303 or along the x-axis plane.

[0043] Because of the in-phase displacement of the deflectable legs 310, 330 along the z-axis
plane these legs are preferably mechanically coupled to a single shared compliant receiver
diaphragm (not shown) by respective drive pins or rods (not shown) for transmission of
vibratory motion to the compliant receiver diaphragm as mentioned above. Each of the drive
pins or rods may for example be arranged in a middle section of respective ones of the
displaceable legs 310, 330 since the distal end portions are located within the common magnet
gap 312. One advantage of the present dual-receiver design 300, in comparison to the dual-
receiver embodiment described above in connection with Fig. 2, is the possibility to position the
drive pin or rods close to each other along the central housing plane 303 and thereby reduce
any rotational vibration components induced by z-axis forces caused by the vibratory motion of
the deflectable legs 310, 330.

[0044] Fig. 4 is a graph 400 of experimentally measured vibration forces versus frequency for
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an experimental version of the moving armature receiver assembly 200 depicted on Fig. 2 in
comparison to a conventional or prior art moving armature receiver 100 as depicted on Fig. 1.
The measured vibration force depicted on curve 407 is for the novel moving armature receiver
assembly 200 when measured on the housing structure 201 in direction of the longitudinal
housing plane 203 or x-axis plane in the audio frequency range between 100 Hz and 10 kHz.
The corresponding measured vibration amplitude measured on the housing 101 of the
conventional moving armature receiver 100 is depicted on curve 401. Finally, the measured
vibration amplitude on each of the separate receiver housings that forms the conventional
dual-receiver is depicted on curves 403 and 405. As illustrated, the vibration force or
acceleration on the housing of the moving armature receiver assembly 200 in accordance with
the present invention is overall about 12-20 dB lower than the corresponding vibration force on
the housing 101 of the conventional moving armature receiver 100.

[0045] Fig. 5 is a simplified schematic cross-sectional view of a dual-receiver based on two U-
shaped armatures 502, 522 sharing a common magnet gap 512 in accordance with a third
embodiment of the invention. The depicted cross-sectional view is taken centrally and
vertically, i.e. along a z-axis plane extending as indicated by dotted arrow "z", of a shared
receiver housing (not shown)through the U-shaped armatures 502, 522. The dual-receiver 500
comprises an upper U-shaped armature 502 and a lower U-shaped armature 522 enclosed
within the shared receiver housing (not shown). The upper and lower U-shaped armatures502,
522 may be conventionally fabricated by machining and bending of a single flat piece of
ferromagnetic material. The common magnet gap 512 is formed between a pair of permanent
magnets 506, 526 which creates a magnetic field within the common magnet gap 512. The
upper U-shaped armature 502 comprises a fixed leg 505 attached, and magnetically coupled,
to a magnet housing 504 which in turn may be rigidly fastened to a stationary portion of shared
receiver housing (not shown). A deflectable leg 510 extends substantially parallel to the fixed
leg 505. The fixed leg 505 and the deflectable leg 510 are mechanically and magnetically
coupled to each other through a neck 508 or curved linkage portion/segment 508 of the U-
shaped armature. The lower U-shaped armature 522 likewise comprises a fixed leg 525
attached, and magnetically coupled, to the magnet housing 504. A deflectable leg 530 extends
substantially parallel to the fixed leg 525. The fixed leg 505 and the deflectable leg 510 are
mechanically and magnetically coupled to each other through a neck 528 or curved linkage
portion/segment 528 of the lower U-shaped armature. The upper U-shaped armature 502 is
coupled to a first compliant diaphragm 514 arranged above the magnet housing 504 through a
drive pin or rod (not shown) mechanically coupled to the deflectable leg 510 for example at the
position indicated by the depicted force vector F1z. Likewise, the deflectable leg 530 of the
lower armature 522 is mechanically coupled to a second compliant diaphragm 534 arranged
below the magnet housing 524 through a drive pin or rod (not shown). The drive rod may for
example be positioned at the position indicated by the depicted force vector F2z. To provide
passage for the drive rods, small through going apertures or holes may be provided at suitable
locations of the fixed leg 505 and the fixed leg 525.

[0046] In the present embodiment, the upper and lower U-shaped armatures502, 522 have
substantially identical dimensions. The respective deflectable legs 510, 530 of the upper and
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lower U-shaped armatures502, 522 project into the common magnet gap 512 and are aligned
with each other in a central longitudinal housing plane 503. The deflectable legs 510, 530 are
accordingly placed in non-overlapping manner in the z-axis direction extending perpendicularly
to a central longitudinal housing plane 503 as indicated by dotted arrow "z". Furthermore, the
deflectable legs 510, 530 preferably project or extend a similar distance into the common
magnet gap 512. Consequently, the magnetic forces acting on the deflectable legs510, 530 of
the upper and lower U-shaped armatures, respectively, are largely identical and create
substantially identical but oppositely directed simultaneous displacement of the deflectable legs
510, 530 along the z-axis plane as indicated by the oppositely pointing force vectors F1z and
F2z. The suppression of z-axis vibratory motion of the housing structure can be improved if the
first and second compliant diaphragms 514, 534 are matched so as to possess substantially
identical mechanical and acoustical characteristic as well.

[0047] The arrangement of the upper and lower U-shaped armatures 502, 522 in combination
with the common magnet gap 512 mean that the displaceable legs 510 and 530 move
simultaneously in opposite z-axis directions as mentioned above. Thereby, the curved linkage
portions508, 528 of the U-shaped armatures 502, 522, respectively, are displaced
simultaneously in opposite directions, or out-of-phase, along the central longitudinal housing
plane 503 as indicated by force vectors F1x and F2x. Consequently, similarly to the previously
described embodiments of the invention, the upper and lower U-shaped armatures 502, 522,
respectively, are configured for suppression of vibration of the receiver housing along the
central longitudinal plane 503.

[0048] Fig. 6 is a schematic cross-sectional view of a moving armature receiver assembly 600
or dual-receiver 600 based on two U-shaped armatures 602, 622 arranged in separate magnet
gaps in accordance with a fifth embodiment of the invention. The dual-receiver 600 comprises
an upper and a lower U-shaped armature 602, 622, respectively, enclosed within a common
receiver housing (not shown). These U-shaped armatures602, 622 may be conventionally
fabricated by machining and bending of a single flat piece of ferromagnetic material. The
cross-sectional view is taken centrally and vertically, i.e. along a z-axis plane (indicated by the
vertical dotted arrow) of the receiver housing through the upper and lower U-shaped
armatures 602, 622. As illustrated, the present dual-receiver 600 uses two separate magnet
houses 604, 624enclosing respective pairs of permanent magnets that are magnetized in
opposite direction (as schematically indicated by magnetic flux vectors 609 and 629) to
suppress AC magnetic flux generated by the upper and lower U-shaped armatures 602, 622 in
a far field of the common receiver housing. Each of the permanent magnets and its associated
magnet house is depicted as a single magnet unit 604, 624 in the schematic drawing for
simplicity. The upper U-shaped armature 602 comprises a fixed leg 605 attached to the upper
magnet housing 604. A deflectable leg 610 extends substantially parallelly to the fixed leg 605.
The fixed leg 605 and the deflectable leg 610 are mechanically and magnetically coupled to
each other through a neck 608 or curved linkage portion/segment 608 of the U-shaped
armature. The lower U-shaped armature 622 likewise comprises a fixed leg 625 attached to a
housing of the lower magnet unit 624. A deflectable leg 630 extends substantially parallel to
the fixed leg 625. The fixed leg 605 and the deflectable leg 610 are mechanically and
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magnetically coupled to each other through a neck 628 or curved linkage portion/segment 628
of the lower U-shaped armature 622. Furthermore, the deflectable and fixed legs610, 605 of
the upper U-shaped armature and the deflectable and fixed legs 630, 655 of the lower U-
shaped armature 622 all extend substantially parallelly to a central longitudinal housing plane
603.

[0049] A gap portion of the deflectable leg 610 is situated in the upper magnet gap
612extending between opposing surfaces of the magnet unit 604. The deflectable leg 610 of
the upper armature 602 is mechanically coupled to a first compliant diaphragm (not shown)
arranged above the upper half of the permanent magnet/magnet housing 604 through a drive
pin or rod (not shown) for example positioned as indicated by the depicted force vector F1z.
Likewise, the deflectable leg 630 of the lower armature 622 is mechanically coupled to a
second compliant diaphragm (not shown) arranged below the permanent magnet/magnet
housing 624through another drive pin or rod (not shown). This drive rod may for example be
fastened to a distal end portion of the deflectable leg 630 as indicated by the depicted force
vector F2z.

[0050] The deflectable leg 610 of the upper armature 602 extends centrally through a coil
tunnel formed by an upper drive coil 616 and the deflectable leg 630 of the lower armature 622
extends centrally through another coil tunnel formed by a lower drive coil 636. A pair of
electrical terminals may be placed on a suitable location of the receiver housing and electrically
connected to the upper and lower drive coils (not shown) to supply audio or AC drive current to
the drive coils 616, 636 as previously mentioned. The AC drive current creates a
correspondingly alternating or AC magnetic flux through the upper and lower U-shaped
armatures 602, 622.

[0051] Compared to the previous dual-receiver construction 500 described above, the present
embodiment of the dual-receiver 600 allows the drive pins or rods to be situated substantially
below each other, i.e. at the same position along the central longitudinal housing plane 603.
The aligned arrangement of the drive rods in vertical direction suppress z-axis vibration of the
receiver housing and also suppress rotational vibration components or torquedue to a very
small offset along the x-axis plane between the drive rod positions. The placement of the
magnet units 604, 624 creates a maximum flux potential at a middle section of the two magnet
houses but this can be shielded by extra magnetic shielding and/or coupling of the two magnet
houses by holes for the drive pins.

[0052] The oppositely directed magnetic fluxes in the upper and lower permanent
magnets/magnet houses 604, 624, respectively, has the beneficial effect that the curved
linkage portions or segments 608, 628 of the U-shaped armatures 602, 622, respectively, are
displaced simultaneously in opposite directions along the central longitudinal housing plane
603. This means that the curved linkage portions or segments 608, 628 are displaced and
vibrate out-of-phase as indicated by force vectors F1x and F2x. Hence, the first and second
first U-shaped armatures 602, 622 are configured for suppression of vibration of the receiver
housing along the central longitudinal housing plane 603. The suppression of both x-axis
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vibration and z-axis vibration is most effective if all relevant dimensions, materials and
magnetic properties of the upper and lower portions of the dual-receiver 600, including
respective U-shaped armatures 602 and 622, are substantially identical or matched.

[0053] Fig. 7Ais conceptual illustration of a moving armature receiver assembly 700 that
comprises a housing structure comprising a pair of receiver housings 701a and 701b rotated in
opposite directions about a central longitudinal housing plane 703 to illustrate vibration
suppression concepts exploited in a fifth embodiment of the invention.

[0054] Generally, the use of a U-shaped armature in moving armature receiver causes
vibration force components to be created in a longitudinal armature plane along the fixed and
deflectable legs and a vibration force component in the perpendicular plane (e.g. z-axis plane).
These two force components (longitudinal and perpendicular) can be considered as
proportional in a wide range of the audio frequency range. In this wide range the ratio between
perpendicular and longitudinal vibration force components is mainly determined by a height to
length ratio of the U-shaped armature. A constant ratio between the perpendicular (z-axis)
force component and the longitudinal force component at the armature leads to a resulting
force component, which has a certain angle to the U-shaped armature. This analysis leads to
the insight that a "vibration cancelled" or vibration suppressed moving armature receiver
assembly can be constructed by using 2 separate U-shaped armatures if the U-shaped
armatures are rotated about the longitudinal housing plane in such a way the resulting force
components of both U-shaped armatures lie on the same axis but are opposite in direction.
This can be achieved by adapting respective angles of rotation of the U-shaped armatures
(and thereby their respective longitudinal armature planes extending in parallel to the fixed and
deflectable legs) relative to a longitudinal housing plane to dimensions of the U-shaped
armatures in question.

[0055] Dependent on design characteristics of motor assemblies surrounding each of the U-
shaped armatures, at least two different types of armature rotation is possible to create
different embodiments of the invention: In a first embodiment, each of the deflectable legs of
the U-shaped armatures projects towards a compliant diaphragm or speaker diaphragm as
illustrated on Fig. 8A. In a second embodiment, the deflectable legs of the U-shaped armatures
projects away from the compliant diaphragm or speaker diaphragm as illustrated on Fig. 8B.

[0056] In the conceptual illustration of Fig. 7A, an upper U-shaped armature is arranged within
the upper receiver housing 701a in a manner where a fixed leg and a deflectable leg of the
upper U-shaped armature extend parellelly to each other, along an upper longitudinal
armature plane, and parallelly to the housing walls of the upper receiver housing 701a.
Likewise, a lower U-shaped armature is arranged within the lower receiver housing 701 b in a
manner where a fixed leg and a deflectable leg of the lower U-shaped armature extend
parellelly to each other, along an lower longitudinal armature plane, and parallelly to the
housing walls of the lower receiver housing 701b. The upper receiver housing 701ais rotated
counter clock wise by a first rotational angle, a, about the central longitudinal housing plane
703. The lower receiver housing 701b is rotated oppositely, i.e. clock wise in this example, by a
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second rotational angle, B, about the central longitudinal housing plane 703. The first rotational
angle, a, is preferably set substantially equal in magnitude to the second rotational angle, B. In
a number of preferred embodiments, a is set to between 2 and 15 degrees, preferably
between 5 and 10 degrees, and [ therefore set to a value between -2 and -15 degrees,
preferably between - 5 and -10 degrees. The oppositely rotated placement of the upper and
lower U-shaped armatures about the central longitudinal housing plane 703 leads to the
beneficial creation of oppositely directed resulting force components and thereby suppression
of mechanical vibration of the receiver housings 701a, 701b as explained above with reference
to Figs. 8A and 8B. The role of the illustrated force components F¢p, F¢|, and F4r as well as

Fop, FaL, and Foris explained in detail below in connection with Fig. 8a).

[0057] Fig. 7B is a simplified schematic view of a practical moving armature receiver
assembly700 enclosed with a housing structure701 in accordance with the fifth embodiment of
the invention. The moving armature receiver assembly 700 comprises a pair of U-shaped
armatures as described above in connection with Fig. 7a). The upper and lower U-shaped
armatures are rotated in opposite directions about the central longitudinal housing plane 703
by the rotational angles described above which means that the U-shaped armatures and their
associated motor assemblies are tilted within the housing structure 701 for example in a
construction as schematically illustrated on Fig. 8a) below. A sound port or spout 743 is
acoustically coupled to a front chamber of the housing structure 703 to transmit sound
pressure therein to a surrounding environment.

[0058] Fig. 8A is simplified schematic illustration of forces acting on a pair of U-shaped
armatures 802, 822 rotated in opposite directions about a longitudinal housing plane 803,
which in this case may be a central longitudinal housing plane, and arranged inside a housing
structure comprising a common receiver housing 801. The moving armature receiver assembly
800 is a schematic cross-sectional view along a perpendicular or vertical plane (z-axis plane)
extending perpendicularly to the central longitudinal housing plane 803 (x-axis plane). The
moving armature receiver assembly 800 comprises a common receiver housing 801 enclosing
both the upper and lower upper U-shaped armatures 802,822 arranged in respective motor
assemblies (not shown in detail other than drive coils 816, 836). A fixed leg 805 and a
deflectable leg 810 of the upper U-shaped armature 802 extend substantially parellelly to each
other, along a first or upper longitudinal armature plane 819. Likewise, a fixed leg 825 and a
deflectable leg 830 of the lower U-shaped armature 822 extend substantially parellelly to each
other, along a second or lower longitudinal armature plane 839.An upper curved linkage
portion 808, or neck, interconnects the fixed leg 825 and the deflectable leg 830 mechanically
and magnetically. A lower curved linkage portion 828, or neck, likewise interconnects the fixed
leg 825 and the deflectable leg 830 mechanically and magnetically. This orientation of the
necks 808, 828 of the upper and lower U-shaped armatures 802, 822, respectively, means
these are displaced simultaneously in slightly angled directions relative the central longitudinal
housing plane 803 as indicated by the depicted movement arrows d1 and d2.

[0059] The upper U-shaped armature 802 is rotated counter clock wise by a first rotational
angle, a, about the central longitudinal housing plane 803. The lower U-shaped armature 822
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is rotated oppositely, i.e. clock wise in this example, by a second rotational angle, B, about the
central longitudinal housing plane 803. The respective motor assemblies are preferably rotated
in a corresponding manner about central longitudinal housing plane 803. Hence, in the sixth
embodiment of the invention, the upper and lower U-shaped armature 802 are rotated about
the central longitudinal housing plane 803 in contrast to the first, second, third and fourth
embodiments of the invention where the upper and lower longitudinal armature planes are
oriented substantially parallel to each other and substantially parallel to the central longitudinal
housing plane in question (203, 303. 403, 503).

[0060] The first rotational angle, a, is preferably set substantially equal in magnitude to the
second rotational angle, B. As mentioned above, both a and B may be set to a magnitude
between 2 and 15 degrees depending on the geometry of the U-shaped armatures. A first
drive pin 813 is used to mechanically couple a distal or distant end portion of the deflectable
leg 810 to a compliant diaphragm 814 for generation of sound pressure. A second drive pin
833 is used to mechanically couple a distal or distant end portion of the deflectable leg 830 to a
second compliant diaphragm 834 for generation of a sound pressure. The first and second
compliant diaphragms 814, 834 are preferably acoustically coupled to a shared front chamber
situated inside the receiver housing 810 in-between the compliant diaphragms and a
generated sound pressure may be conveyed to the surrounding environment through a
suitable sound port acoustically coupled to the front chamber as illustrated in Fig. 7B.

[0061] Force vector F4p represents a force component acting on a mass centre of the

deflectable leg 810 of the upper U-shaped armature 802 caused by vibratory motion of the
deflectable leg in a direction perpendicular to the upper longitudinal armature plane 819. The
force vector Fq| represents a force component acting on the deflectable leg 810 in a direction

parallel to the upper longitudinal armature plane 819 caused by vibratory motion of the upper
curved linkage portion 808, or neck. The resulting force component caused by addition of the
force components represented by force vectors F4p and F4 is represented by force vector

F4r. The force components acting on the displaceable leg 830 of the lower U-shaped armature

822 are similar as illustrated by force vectors acting on the lower deflectable leg 830 on Fig 8A.
Force vector Fop represents a force component acting on the deflectable leg 830 in a direction

perpendicular to the lower longitudinal armature plane 839. The force vector Fo represents a

force component acting on the deflectable leg 830 in a direction parallel to the lower
longitudinal armature plane 839 caused by vibration motion of the lower curved linkage portion
828. The resulting force component caused by addition of the force vectors Fop and Fy is

represented by the force vector For extending in opposite direction of the force vector Fir

associated with the upper U-shaped armature 802 with substantially the same magnitude.
Consequently, the rotated orientation of the upper and lower U-shaped armatures802, 822,
respectively, about the longitudinal housing plane 803has caused significant suppression of the
vibrational forces in direction of the longitudinal housing plane 803 and suppression of
mechanical vibration in the orthogonal z-axis plane as well. Thus leading to suppression of
mechanical vibration of the shared housing 801 as this is mechanically coupled to the upper
and lower U-shaped armatures 802, 822, respectively, either directly or indirectly for example
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through respective magnet housings.

[0062] The suppression of vibration along the both x-axis plane and the z-axis plane is once
again most effective if all relevant dimensions, materials and magnetic properties of the upper
and lower motor assemblies, including respective U-shaped armatures 802 and 822, are
substantially identical.

[0063] Fig. 8B is simplified schematic illustration of forces acting on a pair of U-shaped
armatures 802, 822, respectively, rotated in opposite directions about a central longitudinal

housing plane 803 according to a 6!h embodiment of the invention. The present embodiment is

generally very similar to the above-described 5 embodiment and the same features have
been provided with the same reference numerals. As explained previously, the main difference
between these embodiments is that the deflectable legs of the U-shaped armatures 802, 822,
respectively, project away from the respective compliant diaphragms or speaker diaphragms
814, 834 in the present embodiment while projecting toward the respective compliant
diaphragms or speaker diaphragms 814, 834 in the embodiment on Fig. 8a). Stated in another
way the rotated orientations of the upper and lower U-shaped armatures have been achieved
by inflicting the rotation at different ends of the U-shaped armatures either at the curved
linkage portions or oppositely at the distal ends of the deflectable legs.
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PATENTKRAV

1. Hojtaleranordning (200) med bevageligt armatur, hvilken anordning omfatter:
- en huskonstruktion (201) med et langsgaende husplan (203), idet huskonstruktionen
omslutter:
- et forste U-formet armatur (202), som omfatter et fast ben (205) og et bgjeligt ben
(210), hvilke begge straekker sig parallelt med et forste langsgaende armaturplan og er
mekanisk og magnetisk forbundet med hinanden via en forste buet forbindelsesdel (208),
- et andet U-formet armatur (222), som omfatter et fast ben (225) og et bgjeligt ben
(230), hvilke begge straekker sig parallelt med et andet langsgaende armaturplan og er
mekanisk og magnetisk forbundet med hinanden via en anden buet forbindelsesdel
(228),
idet det forste og det andet U-formede armatur (202, 222) er orienteret i forhold til
hinanden pa en saddan méade, at der sker en undertrykkelse af vibration af
huskonstruktionen (201) i retning af det langsgaende husplan (203) som respons pa et
elektrisk drivsignal, som forérsager vibration af det forste og det andet U-formede
armaturs (202, 222) bgjelige ben (210, 230),
idet det forste og det andet U-formede armatur (202, 222) er orienteret i forhold til
hinanden pé& en s&ddan méde, at de bgjelige ben (210, 230) forskydes modsatrettet langs
et ortogonalt plan, som straekker sig vinkelret pa det langsgaende husplan (203) som
respons pa et elektrisk drivsignal, som forarsager vibration af det forste og det andet U-
formede armaturs (202, 222) bgjelige ben (210, 230) med det formal at undertrykke

vibration af huskonstruktionen (201) i det ortogonale plan.

2. Hojtaleranordning (200) med bevaegeligt armatur ifglge krav 1, idet huskonstruktionen
(201) omslutter et feelles akustisk forkammer (250), som er placeret mellem en forste
eftergivelig membran (209), som er mekanisk forbundet med det forste U-formede
armaturs bgjelige ben (210), og en anden eftergivelig membran (229), som er mekanisk

forbundet med det andet U-formede armaturs (222) bgjelige ben (230).

3. Hojtaleranordning (200) med bevaegeligt armatur ifelge krav 1 eller 2, idet det forste og
det andet langsgaende armaturplan (219, 239) er orienteret i det vaesentlige parallelt
med det langsgaende husplan (203), idet
- den forste og den anden buede forbindelsesdel (208, 228) er konfigureret til
modsatrettet bevagelse langs det langsgaende husplan (203) som respons pa et
elektrisk drivsignal, som forérsager vibration af det forste og det andet U-formede

armaturs (202, 222) bgjelige ben.
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Hojtaleranordning (200) med bevaegeligt armatur ifelge krav 1 eller 2, idet det forste U-
formede armaturs bgjelige ben (210) og det andet U-formede armaturs bgjelige ben

(230) straekker sig ind i et feelles magnetgab.

Hojtaleranordning (200) med bevaegeligt armatur ifolge krav 1, idet det forste og det
andet U-formede armaturs bgjelige ben (202, 222) begge er placeret i det langsgaende
husplan (203) og uden overlap i en retning, som er vinkelret pa det langsgaende husplan

(203).

Hojtaleranordning (200) med bevaegeligt armatur ifelge krav 5, idet den forste og den
anden buede forbindelsesdel (208, 228) er modsat orienteret langs det langsgaende

husplan (203).

Hojtaleranordning (200) med bevaegeligt armatur ifelge krav 5 eller 6, idet det andet U-
formede armaturs bojelige ben (230) er kortere end det forste U-formede armaturs
bojelige ben (210), og

- idet kun det forste U-formede armaturs (202) bgjelige ben (210) er forbundet med

en eftergivelig membran til generering af lyd.

Hojtaleranordning (200) med bevaegeligt armatur ifelge krav 5 eller 6, idet det forste og
det andet U-formede armaturs (202, 222) dimensioner er i det vasentlige ens,

- idet det forste U-formede armaturs (202) bgjelige ben er forbundet med en farste
eftergivelig membran (209), og det andet U-formede armaturs (222) bgjelige ben (230)

er forbundet med en anden eftergivelig membran (229).

Hojtaleranordning (200) med bevaegeligt armatur ifelge krav 7, idet det fgrste U-formede
armaturs faste ben (205) eller det andet U-formede armaturs faste ben (225) omfatter et
gennemgéende hul, som tilvejebringer en passage til en drivstang, som forbinder det

forste U-formede armaturs bgjelige ben eller det andet U-formede armaturs bgjelige ben

mekanisk med henholdsvis den forste eller den anden eftergivelige membran.

Hojtaleranordning (200) med bevaegeligt armatur ifglge krav 1 eller 2, idet det forste U-
formede armaturs bojelige ben (210) straekker sig ind i et forste magnetgab, og det

andet U-formede armaturs bgjelige ben (239) straekker sig ind i et andet magnetgab.

Hojtaleranordning (200) med bevaegeligt armatur ifelge krav 10, idet det andet

magnetgab er placeret under det forste magnetgab langs det langsgéende husplan (203).
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Hojtaleranordning (200) med bevageligt armatur ifolge krav 11, idet det forste og det
andet magnetgab flugter med hinanden langs det langsgaende husplan (203), og idet det

forste og det andet U-formede armaturs bgjelige ben (210, 230) straekker sig ind deri.

Hojtaleranordning (200) med bevageligt armatur ifglge krav 1, hvilken anordning
yderligere omfatter:

- en forste drivstang (207), som forbinder en fjern ende af det forste U-formede
armaturs bgjelige ben (210) med en fgrste membran (209), og

- en anden drivstang (227), som forbinder en fjern ende af det andet U-formede

armaturs bgjelige ben med en anden membran (229).

Hojtaleranordning (200) med bevageligt armatur ifolge krav 13, idet det forste U-
formede armaturs bgjelige ben (210) vender bort fra den fgrste membran (209), og det

andet U-formede armaturs bgjelige ben (230) vender mod den anden membran (209).

Hojtaleranordning (200) med bevaegeligt armatur ifglge krav 1, idet det fgrste U-formede
armatur (202) er orienteret séledes, at det fgrste langsgéende armaturplan er drejet i en
forste forudbestemt vinkel omkring det langsgéende husplan (203), og det andet U-
formede armatur (222) er orienteret saledes, at det andet langsgéaende armaturplan er
drejet i modsat retning omkring det langsgaende husplan i en anden forudbestemt

vinkel.

Hojtaleranordning (200) med bevaegeligt armatur ifelge et hvilket som helst af de
foregaende krav, hvilken anordning omfatter:

- en forste drivspole, som danner en forste spoletunnel,

- en anden drivspole, som danner en anden spoletunnel,

- idet det forste U-formede armaturs bojelige ben (210) straekker sig gennem den forste
spoletunnel, og det andet U-formede armaturs bgjelige ben (230) straekker sig gennem

den anden spoletunnel.
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