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FIG.1

(57) Abstract: An acoustic receiver includes a first receiver sub-
assembly having bottom housing plate with at least a portion of a
motor fastened thereto, and a second receiver subassembly hav-
ing a closed-ended housing wall with at least one open end that
is fastened to the bottom housing plate. A method of making and
assembling the components is also described.
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ACOUSTIC RECEIVER AND METHOD OF MAKING SAME

RELATED APPLICATIONS

[0001] This application relates to U.S. Provisional Patent Application Serial
No. 62/532,887 filed on July 14, 2017, and entitled “ACOUSTIC RECEIVER AND
METHOD OF MAKING SAME,” the entire content of which is hereby incorporated
by reference.

TECHNICAL FIELD

[0002] The disclosure relates to acoustic receivers such as, but not limited, to
balanced armature receivers, and methods therefor.

BACKGROUND

[0003] Acoustic receivers are used in hearing instruments such as hearing
aids, headphones, and earbuds among other devices. Acoustic receivers typically
include a motor having a coil, a yoke that retains magnets, and a reed (or armature)
having a portion that extends through the coil and between the magnets. An
electrical signal applied to the coil creates a magnetic field within the motor causing
the reed to move between the magnets. Movement of the reed in turn causes
movement of a diaphragm within a receiver housing, from which sound is emitted
from an acoustic port.

[0004] Known acoustic receiver assemblies employ a multi-sided cup into
which the motor and diaphragm are placed during manufacture before an open end
of the cup is covered with a plate. The cup is an unassembled unitary member
typically formed in a deep drawing process. However, manufacturing operations to
assemble the receiver are slow and costly due to the laborious manual assembly of
the various components. Operators typically have to spend a lot of time loading and
unloading the acoustic receiver into different fixtures during the assembly process.
[0005] Accordingly, a need exists for an improved acoustic receiver and
manufacturing methods.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 illustrates a partial assembly view of an acoustic receiver in

accordance with one example set forth in the disclosure;
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[0007] FIG. 2 is an exploded view of an acoustic receiver in accordance with
one example set forth in the disclosure;

[0008] FIG. 3 is a diagram illustrating one example of an assembly sequence to
assemble the acoustic receiver shown in FIG. 2;

[0009] FIG. 4 is a flowchart illustrating a method for manufacturing an
acoustic receiver in accordance with one example set forth in the disclosure;

[0010] FIG. 5 is a flowchart illustrating a method of making an acoustic
receiver component in accordance with one example set forth in the disclosure; and
[0011] FIGs. 6-10 illustrate a strip of sheet material folded to form a closed-
ended housing wall in accordance with one example set forth in the disclosure.

[0012] Those of ordinary skill in the art will appreciate that elements in the
figures are illustrated for simplicity and clarity. It will be further appreciated that
certain actions or steps may be described or depicted in a particular order of
occurrence while those of ordinary skill in the art will understand that such
specificity with respect to sequence is not actually required unless a particular order
is specifically indicated. It will also be understood that the terms and expressions
used herein have the ordinary meaning as is accorded to such terms and expressions
with respect to their corresponding respective fields of inquiry and study except
where specific meanings have otherwise been set forth herein.

DETAILED DESCRIPTION

[0013] The disclosure is drawn generally to acoustic receivers comprising
separate receiver subassemblies. In one embodiment, a first receiver subassembly
comprises a motor disposed on a bottom housing plate, wherein the motor includes
a coil having a passage, a yoke retaining first and second magnets, and a reed having
a portion extending through the passage and between the magnets. A second
receiver subassembly comprises a closed-ended housing sidewall having a first open
end, wherein the bottom housing plate is disposed over and fastened to the first
open end of the closed-ended housing sidewall to form at least a portion of a
receiver housing such that the closed-ended housing sidewall is disposed about the
motor. A diaphragm located in the housing separates the housing into a front

volume and a back volume, wherein the motor is disposed in the back volume. The
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reed is linked to the diaphragm and is movable between the first and second
magnets in response to an excitation signal applied to the coil.

[0014] The closed-ended housing sidewall includes an acoustical port through
a portion of the sidewall forming the front volume and a lead pass-through opening
through a portion of the sidewall forming the back volume. In one embodiment, the
closed-ended housing sidewall is a folded sheet material having a first end and a
second end coupled at a butt joint, wherein the folded sheet material has multiple
sidewall portions and wherein the acoustical port is disposed through the first
sidewall portion and the lead pass-through opening is disposed through the second
sidewall portion opposite the first sidewall portion. In one implementation, an
inside surface of the closed-ended housing sidewall includes projections on which
the diaphragm is disposed.

[0015] According to another aspect, an acoustic receiver subassembly
comprises a yoke fastened to a housing cover plate, wherein the yoke retaining first
and second magnets in spaced apart relation, an electrical coil fastened to the
housing cover plate, and a reed having a portion extending through the coil and
between the first and second magnets, wherein the acoustic receiver subassembly
may be assembled with a separate subassembly to form at least a portion of a
receiver housing. The yoke may be fastened to the housing cover plate with a weld
or other mechanism, and the coil may be disposed about a bobbin, wherein the coil
is fastened to the housing cover plate with adhesive.

[0016] The receiver subassembly may be combined with a separate
subassembly comprising a closed-ended housing sidewall having a first open end,
wherein the housing cover plate is fastened to the first open end of the closed-ended
housing sidewall so that the closed-ended housing sidewall is circumferentially
disposed about the yoke and the coil. The closed-ended housing sidewall generally
includes a coil lead opening and an acoustic port. In one embodiment, the closed-
ended housing sidewall is a folded sheet material with end portions fastened at a
joint, for example a butt joint or press fit joint or some other joint. Alternatively, the

closed-ended sidewall may be a molded or extruded or drawn element.
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[0017] A diaphragm is located in the closed-ended housing sidewall either
before or after the subassembly with the housing cover plate. The diaphragm may
be located by protrusions on an inner side of the closed-ended housing sidewall.
[0018] In one embodiment, the closed-ended housing sidewall has a second
open end opposite the first open end, and a second housing cover plate is fastened to
the second open end of the closed-ended housing sidewall after the diaphragm is
located in the receiver housing. In this embodiment, the diaphragm separates an
interior of the receiver housing formed by the housing cover plate, the second
housing cover plate and the closed-ended housing sidewall into a front volume and
a back volume, wherein the coil and yoke are disposed in the back volume.

[0019] In another embodiment, the closed-ended housing sidewall is a single-
piece five sided cup. In this embodiment, the diaphragm is located in the cup before
the housing cover plate is fastened to the closed-ended housing side wall, wherein
the diaphragm separates an interior of the receiver housing formed by the five-sided
cup and the housing cover plate into a front volume and a back volume.

[0020] According to another aspect, an acoustic receiver housing sidewall
subassembly comprises a single strip of metal including first and second ends
coupled by a joint to form a closed-ended receiver housing sidewall, an acoustical
port disposed through a first portion of the closed-ended receiver housing sidewall,
a lead pass-through opening disposed through a second portion of the closed-ended
receiver housing sidewall, and a plurality of diaphragm-support projections
protruding from an inside surface of the closed-ended receiver housing sidewall,
wherein the acoustical port is disposed on one side of the diaphragm-support
projections and the lead pass-through opening is disposed on an opposite side of the
diaphragm-support projections.

[0021] The closed-ended receiver housing sidewall joint may be a butt joint, or
a press fit joint comprising a tab on the first end and a complementary recess on the
second end, wherein the tab is disposed (e.g., press fit) in the complementary recess.
The joint may also be a combination of these or other types of joints.

[0022] According approach, a receiver subassembly may be made by

fastening a yoke with spaced apart magnets to a first housing cover, fastening an
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electrical coil to a common side of the first housing cover, and disposing a reed
through a passage of the coil so that a movable portion of the reed is disposed
between the first and second magnets of the yoke, and then assembling the first
receiver subassembly with a second receiver subassembly.

[0023] The second receiver subassembly may be a closed-ended receiver
housing sidewall having an open end, wherein at least a portion of a receiver
housing is formed by fastening the first housing cover to the open end of the closed-
ended receiver housing sidewall so that the closed-ended receiver housing sidewall
is circumferentially disposed about the yoke and the electrical coil.

[0024] As suggested, a diaphragm is located in the closed-ended receiver
housing sidewall and a movable portion of the reed is coupled to a movable portion
of the diaphragm, for example by a drive rod or other linking element.

[0025] In processes where the diaphragm is located in the closed-ended
receiver housing sidewall before assembling the first receiver subassembly with the
second receiver subassembly, the diaphragm is part of the second receiver
subassembly. In other processes, the closed-ended sidewall includes a second open
end and the diaphragm is located in the closed-ended receiver housing sidewall after
assembling the first receiver subassembly with the second receiver subassembly.
Thereafter, a second housing cover is fastened to the second open end of the closed-
ended receiver housing sidewall, wherein the first housing cover, the second
housing cover and the closed-ended receiver housing sidewall form the receiver
housing.

[0026] FIG. 1 illustrates one example of an acoustic receiver 100 without a
diaphragm and top cover plate. The acoustic receiver 100 may be a single armature
receiver, a multiple armature receiver or any other suitable acoustic receiver. In this
example, the acoustic receiver 100 includes a bottom housing plate 102, a motor 104
disposed on the bottom housing plate 102. The motor 104 includes a coil 106.
Referring also to FIG. 2, the coil 106 in this example is wound around a coil bobbin
108. However, in other embodiments, the coil does not include the bobbin. In FIG.

2, the coil includes a coil passage 110 and the yoke retains a first magnet 114 and a
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second magnet 116 in spaced apart relation. A reed (or armature) 118 has a portion
120 extending through the coil 106 and between the magnets 114 and 116.

[0027] In this example, the yoke is an assembly including a strap portion 122
retaining magnet 114 and a magnetic plate 124 retaining the magnet 116. In FIGS. 1
and 2, the magnet plate 124 is fastened to the housing cover 102 by a weld, or
adhesive, or crimped flanges or by some other fastening mechanism. In some
embodiments, the magnet plate 124 may also be located by protrusions formed or
disposed on the bottom plate 102. The strap portion 122 may be welded to the
magnet plate 124 before or after the magnet 114 is fastened thereto. In other
embodiments, the yoke is a stamped or laser cut and folded structure with butt
joined ends, or a stacked closed-ended plates welded together, or a section of
extruded tube stock, or any other suitable structure. The first and second magnets
may be fastened to the yoke by a weld, adhesive or crimped flange or by some other
fastening mechanism. In FIGs. 1-2, the reed 118 is a U reed with an end portion
fastened to the yoke. In other embodiments, however, the reed may be configured
differently, for example it may be coupled to a portion of the housing. The motor
and the bottom cover plate or housing cover form a first receiver subassembly.

[0028] In FIGs. 1-2, a closed-ended housing wall or sidewall 130 is disposed
about the motor 104 after the motor is disposed on the bottom plate 102. The
housing wall 130 includes at least a first open end 132 and in some embodiments a
second open end 134. The closed-ended housing sidewall forms a second receiver
subassembly. The first and second subassemblies are assembled by fastening the
housing cover or plate 102 with the motor to the first open end 132 of the closed-
ended housing sidewall. In FIGs. 1-2, the closed-ended housing sidewall also has a
second open end 134 coupled to a top housing plate 136. The closed-ended housing
wall 130, the bottom housing plate 102 and the top housing plate 136 are discrete
elements that when assembled, form a receiver housing. In other embodiments
however, the closed-ended housing sidewall may be embodied as five-sided cup
with only a single open end to which the housing cover is fastened. Such cups may

be formed in a drawing process. Thus assembled, the closed-ended housing
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sidewall and housing cover form at least a portion of a receiver housing, wherein the
sidewall is circumferentially disposed about the motor.

[0029] In FIG. 2, a diaphragm 138 is disposed and retained in the receiver
housing when assembled. The diaphragm 138 separates an interior of the receiver
housing into a front volume and a back volume. The motor 104 is disposed in the
back volume. The diaphragm 138 includes a paddle 140 which when moved causes
sound to emanate from an acoustical notch opening or port 142 located in the closed-
ended housing wall 130. In some embodiments, the receiver housing is formed by
fastening the top housing plate 136 to the second open end portion 134 of the closed-
ended housing wall 130. The one or more housing covers can be fastened to the
closed-ended housing sidewall by a weld, or adhesive, or crimped flanges, or by
some other fastening mechanism. Depending on the configuration of the closed-
ended housing sidewall, the diaphragm may be assembled with the closed-ended
housing side wall before or after the closed-ended housing sidewall is assembled
with the first receiver subassembly. If the closed-ended housing sidewall is a cup
having only one open end, the diaphragm must be disposed and retained in the cup
before the cup is assembled with the first receiver subassembly.

[0030] In FIG. 1, a link 144, also referred to as a drive rod, interconnects a
moveable portion 120 of the reed with a moveable portion of the diaphragm 138, in
this case the paddle 140 shown in FIG. 2. The reed is moveable between the first and
second magnets 114 and 116 in response to an excitation signal applied to the coil
106. FIG. 2 also illustrates a termination cover 200 which may include one or more a
connectors or contacts coupled to the electrical leads of the coil. The termination
cover is disposed on an outer side of the receiver housing where the coil and any
other electrical leads emanate from the interior of the housing. The termination
cover may be fastened to the housing with adhesive and any openings around the
electrical leads may be sealed with adhesive or other material.

[0031] In FIGS. 1-2, the closed-ended housing wall 130 in this example is
shown to be a folded sheet material, such as a strip of folded metal, having a first
edge 146 and a second edge 148 an inside surface 150, an outside surface 152, a first

end 154 and a second end 156. The first edge 146 includes an acoustical notch
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opening or port 142 located in the front volume whereas the second edge 148
includes a lead pass-through opening or port 158 located in the back volume. In
other embodiments, these ports may be located inwardly of the sidewall edge. The
lead pass-through opening allows the passage of electrical leads for the coil and any
other electronic components through the housing sidewall for termination at cover
200.

[0032] The inside surface 150 includes projections also referred to semi-
perforations 160, 162 as well as corresponding projections on the opposing sidewall
(not shown). The projections 160 and 162 locate the diaphragm 138. In some
embodiments, the diaphragm is positioned on the perforations and fastened with an
adhesive. Alternatively, the diaphragm may be located and retained between an
array of oppositely positioned perforations. In some embodiments, closed-ended
housing sidewall 130 includes four sidewalls such that the acoustical notch opening
142 is in a sidewall that is opposed to the sidewall that includes the lead pass
through opening 158. However it will be recognized that any suitable location of the
lead pass through opening and acoustic notch opening may be employed. Opposing
sidewalls 164 and 168 each include the projections that are adapted to locate the
diaphragm 138. In this example, sidewall 164 is formed also by butt joining of the
first end 154 and second end 156. However, the joint may be placed at any suitable
sidewall.

[0033] In this example, the first end and second end 154 and 156 are pressed
together so that the first and second connecting portions engage with each other.
However, it will be recognized that any suitable securing mechanism may be
employed including braising, blooming, or any other suitable mechanism for
providing the first end and second end to be suitably connected with each other.
[0034] Unlike prior designs, the acoustic receiver employs a separate bottom
housing plate with a motor or portion of a motor, wherein the subassembly may be
assembled with another subassembly like a closed-ended housing sidewall that has
at least one open end.

[0035] Referring to FIGs. 3 and 4, an example of an assembly method will be

described to make an acoustic receiver 100. In this example, nine steps are shown in
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FIG. 3, however any suitable number may be employed. The front volume 300 is
shown in step 8. The operations described herein may be carried out manually or
using automated assembly machines and fixtures. As shown in FIG. 4, assembly of
the acoustic receiver is shown starting in block 400. In block 402, the a motor 104
having a coil, a reed, and a yoke retaining first and second magnets is mounted on
the bottom housing plate 102 to form a first receiver subassembly. This is shown for
example, in step 5. For example, the motor assembly may be at least partially
preassembled and then placed on the bottom housing plate.

[0036] Referring back to FIG. 3, a first operation 1 may include placing the
magnetic plate 124 on a top surface of the bottom housing plate 102. This may be
done at a spot welding operation or any other suitable attachment operation. The
magnet 116 is affixed on a magnetic plate. It will also be recognized that the
operations described herein may combined or reordered as desired and may include
preassembly operations or other operations as desired. For example, the magnets
may be fastened to the yoke before or after the yoke is fastened to the housing cover,
depending on the type or configuration of the yoke, various examples of which were
discussed above. As shown in operation 2, the coil 106 and bobbin 108 are secured
to the bottom housing plate 102 via a suitable adhesive. The coil may be located by
the yoke of by other structure on the housing cover. In operation 3 the yolk strap
122 with the magnet 114 is placed on the magnetic plate and secured by a weld or
retaining structure. The reed 118 is positioned through the coil passage and between
the magnets 114 and 116 as shown and fastened in operation 4. Whether the reed is
fastened to the yoke or other structure depends on the configuration of the reed. As
shown in operation 5, link 144 (drive rod) that interconnects a moveable portion of
the reed 118 with a moveable portion of the diaphragm 138 is placed in the reed.
Mounting all or some portions of the motor on the bottom housing plate 102 before
assembly of the closed-ended housing wall 130 provides ready access to the motor or
portions thereof during the subassembly process as discussed further below.

[0037] Referring also to FIG. 4, as shown in block 404 and as illustrated in
operation 6 of FIG. 3, the closed-ended housing wall 130 subassembly is disposed
about the motor 104 mounted on the bottom housing plate 102 subassembly and the
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edge 148 of the closed-ended housing wall 130 is fastened to the bottom housing
plate 102. This is secured using a weld, or crimped flange, or adhesive or other
suitable means In this example, the closed-ended housing wall 130 is formed
(folded) from a strip of stamped or laser cut metal (as further described below) and
the base plate is made of steel. However, any suitable materials may be employed.
For example, the closed-ended housing wall may be formed of metal in a drawing
process. Alternatively, the closed-ended housing wall may be made from plastic,
carbon fiber, metal, or any other suitable material in a folding, drawing, extruding,
molding or other suitable process.

[0038] Referring back to FIG. 3, as shown in operation 7, the terminal cover
200 is affixed to the exterior sidewall of the receiver housing that includes the lead
pass through opening 158. The cover may be retained with adhesive or some other
retaining mechanism and any the lead opening may be sealed with adhesive or other
suitable material. The terminal cover includes an electrical interface, e.g., contacts,
electrically coupled to the leads of the coil and other electrical components within
the receiver housing. Referring to block 406 and operation 8, the diaphragm 138 is
located within the closed-ended housing wall 130 by the protrusions 160, 162, 608
and 610 (see FIG. 6) as discussed herein. The link 144 interconnects with the reed
and the diaphragm. For example, the link 144 is attached to the reed 118 and passed
through an opening within the diaphragm 138and secured thereto using
conventional techniques known in the art. The diaphragm 138 separates an interior
of the receiver housing into a front volume and a back volume as noted. The motor
104 is disposed in the back volume of the receiver housing. Referring to operation 9
and as shown in block 408, the receiver housing is closed by fastening the top
housing plate 136 to the second open end 134 of the closed-ended housing wall 130.
[0039] FIG. 5 illustrates a process flow for making an acoustic receiver
component, namely the closed-ended housing wall subassembly. In this example, as
shown in FIG. 6, a stamping machine stamps from a metal sheet material, a strip of
metal 620 that includes the first end 154 and second end 156. Alternatively the strip
may be cut with a laser or other cutting tool. The first end having a first connecting

portion 622, in this example shown as a protruding tab. The strip is stamped to
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include the second end 156 that includes a second connecting portion 624 shown to
be a notch adapted to frictionally engage the protruding portion 622 in a pressed fit
manner. As such, the first and second connecting portions are configured to engage
with each other to form a pressed fit connection. In another example, the ends may
be flat if desired and suitably braised, glued or otherwise attached at a butt joint,
alone or in combination with the press fit described above. Any other suitable
interconnecting mechanism may also be employed. The strip of metal 620 includes
the first edge 146, the second opposing edge 148, the inside surface 150 and the
outside surface 152. As shown and previously described with respect to FIGs. 1 and
2, the first edge 146 includes the acoustical notch opening 142. The inside surfaces
include the stamped projections or semi-perforations 160, 162, 608 and 610 adapted
to locate the diaphragm 138. A corresponding indentation 800 (see FIG. 8) on the
outside surface 152 for projection 608 (see FIG 6) is shown for illustration purposes.
However it will be recognized that the protrusions need not be stamped and may be
added to the inner surface. This may be done in any suitable manner such as by
adding epoxy material, metal or other material. Scored folding lines 630, 632, 634
and 636 are used to ease and guide the corner folding operation to form the various
sidewall portions as shown. As shown in block 502 of FIG. 5, the method includes
folding the metal strip, as also shown in FIGs. 7-10 to from the closed-ended housing
sidewall.

[0040] Referring to FIGs. 6-10, an example of a closed-ended housing wall is
shown in various stages being formed by folding a single sheet material. In other
embodiments, the closed-ended housing wall may be formed from two or more
sheets fastened end-to-end by butt joints or press fit tabs and notches. Projections
608 and 610 are shown which are positioned such that when the closed-ended
housing wall 130 is completely folded, they are of the same height from the top edge
146 and serve to locate the diaphragm 138.

[0041] FIG. 7 shows a first fold along fold score line 636, FIG. 8 shows a
second fold along fold score line 634 (shown in FIG. 7), FIG. 9 illustrates a fold line
along 632 (shown in FIG. 7) and FIG. 10 illustrates a closed-ended housing wall 130
formed by connecting the first end and second end 154 and 156. For clarity, FIG 9

11
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does not illustrate the indent 800 on the outer surface 152 that would correspond to
protrusion 608. The folding process may be done in any suitable manner and may
be readily performed using automated equipment after the cutting process.

[0042] Among other advantages, employing a discrete bottom housing plate,
top housing plate and closed-ended housing wall with open top and bottom
portions allows for improved camera inspection during the manufacturing process
compared to other systems that required the placing of components within a five
sided cup. In addition, other welding angles can be employed to attach various
components as well as other ease of operation such as attaching the link 144. An
acoustic device as disclosed herein can be manufactured using automated
equipment in a more cost effective and faster manner as compared to existing
manual assembly processes. It will be recognized that any suitable materials may be
employed and other variations are contemplated. For example, the bottom plate
instead of being steel can be ferromagnetic depending upon the application. In
addition, the base plate may have varying thicknesses to avoid, for example, using
the yoke plate 124. Differing reed designs and coil designs may also be employed as
well as different diaphragm designs if desired.

[0043] While the present disclosure and what is presently considered to be the
best mode thereof has been described in a manner that establishes possession by the
inventors and that enables those of ordinary skill in the art to make and use the
same, it will be understood and appreciated that there are many equivalents to the
exemplary embodiments disclosed herein and that myriad modifications and
variations may be made thereto without departing from the scope and spirit of the
disclosure, which is to be limited not by the exemplary embodiments but by the

appended claims.
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CLAIMS

1. An acoustic receiver comprising:
a first receiver subassembly comprising:

a bottom housing plate; and

a motor disposed on the bottom housing plate, the motor including a
coil having a passage, a yoke retaining first and second magnets, and a reed
having a portion extending through the passage and between the magnets;

a second receiver subassembly comprising a closed-ended housing sidewall
having a first open end, the first receiver subassembly and the second receiver
subassembly are separate components,

the bottom housing plate disposed over and fastened to the first open end of
the closed-ended housing sidewall to form at least a portion of a receiver housing,
wherein the closed-ended housing sidewall is disposed about the motor;

a diaphragm located in the receiver housing, the diaphragm separating an
interior of the receiver housing into a front volume and a back volume, wherein the
motor is disposed in the back volume;

a link interconnecting a movable portion of the reed with a movable portion
of the diaphragm,

wherein the reed is movable between the first and second magnets in

response to an excitation signal applied to the coil.

2. The receiver of Claim 1, wherein the closed-ended housing sidewall
includes an acoustical port through a portion of the sidewall forming the front
volume and a lead pass-through opening through a portion of the sidewall forming

the back volume.
3. The receiver of Claim 2, wherein the closed-ended housing sidewall is a

folded sheet material having a first end and a second end coupled at a butt joint,

wherein the folded sheet material has multiple sidewall portions.

13
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4. The receiver of Claim 3, wherein an inside surface of the closed-ended

housing sidewall comprises projections on which the diaphragm is disposed.

5. The receiver of Claim 4 wherein the closed-ended housing sidewall is
comprised of first, second, third and fourth sidewall portions and wherein the
acoustical port is disposed through the first sidewall portion and the lead pass-
through opening is disposed through the second sidewall portion opposite the first

sidewall portion.

6. An acoustic receiver housing sidewall subassembly comprising:

a single strip of metal that includes a first end and a second end coupled by a
joint to form a closed-ended receiver housing sidewall;

an acoustical port disposed through a first portion of the closed-ended
receiver housing sidewall;

a lead pass-through opening disposed through a second portion of the closed-
ended receiver housing sidewall;

a plurality of diaphragm-support projections protruding from an inside
surface of the closed-ended receiver housing sidewall,

wherein the acoustical port is disposed on one side of the diaphragm-support
projections and the lead pass-through opening is disposed on an opposite side of the

diaphragm-support projections.

7. The subassembly of Claim 6 further comprising a tab on the first end of the
closed-ended receiver housing sidewall and a complementary recess on the second
end of the closed-ended receiver housing sidewall, wherein the tab is disposed in the

complementary recess at the butt joint.

8. An acoustic receiver subassembly comprising:
a housing cover plate;
a yoke fastened to the housing cover plate, the yoke retaining first and second

magnets in spaced apart relation;
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an electrical coil fastened to the housing cover plate; and

a reed having a portion extending through the coil and between the first and
second magnets,

wherein the acoustic receiver subassembly may be assembled with a separate

subassembly to form at least a portion of a receiver housing.

9. The subassembly of Claim 8 in combination with a separate subassembly
comprising a closed-ended housing sidewall, the closed-ended housing sidewall
having a first open end, the housing cover plate fastened to the first open end of the
closed-ended housing sidewall, wherein the closed-ended housing sidewall is

circumferentially disposed about the yoke and the coil.

10. The subassembly of Claim 9 in combination with a diaphragm disposed
in the receiver housing and located by protrusions on the closed-ended housing

sidewall.

11. The subassembly of Claim 10, wherein the closed-ended housing sidewall

is a folded sheet material with end portions fastened at a butt joint.

12. The subassembly of Claim 10 in combination with a second housing cover
plate, the closed-ended housing sidewall having a second open end opposite the first
open end, the second housing cover plate fastened to the second open end of the
closed-ended housing sidewall, wherein the diaphragm separates an interior of the
receiver housing formed by the housing cover plate, the second housing cover plate

and the closed-ended housing sidewall into a front volume and a back volume.

13. The subassembly of Claim 10, wherein the closed-ended housing sidewall
is a single-piece five sided cup and wherein the diaphragm separates an interior of
the receiver housing formed by the five-sided cup and the housing cover plate into a

front volume and a back volume.
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14. The subassembly of Claim 10, wherein the closed-ended housing sidewall
includes a coil lead opening on one side of the diaphragm and an acoustic port on

another side of the diaphragm.

15. The subassembly of Claim 8, the yoke fastened to the housing cover plate
with a weld, the coil disposed about a bobbin, and the coil fastened to the housing

cover plate with adhesive.

16. A method of making an acoustic receiver, the method comprising:
making a first receiver subassembly by:
fastening a yoke to a first housing cover, the yoke retaining first and
second magnets in spaced apart relation;
fastening an electrical coil to the first housing cover, wherein the yoke
and coil are fastened to a common side of the first housing cover; and
disposing a reed through a passage of the coil so that a movable
portion of the reed is disposed between the first and second magnets of the
yoke; and
assembling the first receiver subassembly with a second receiver

subassembly.

17. The method of Claim 16, the second receiver subassembly is a closed-
ended receiver housing sidewall having an open end, forming at least a portion of a
receiver housing by fastening the first housing cover to the open end of the closed-
ended receiver housing sidewall, wherein the closed-ended receiver housing

sidewall is circumferentially disposed about the yoke and the electrical coil.
18. The method of Claim 17, locating a diaphragm in the closed-ended

receiver housing sidewall and coupling the movable portion of the reed to a movable

portion of the diaphragm with a drive rod.
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19. The method of Claim 18, locating the diaphragm in the closed-ended
receiver housing sidewall before assembling the first receiver subassembly with the
second receiver subassembly, wherein the second receiver subassembly includes the

diaphragm.

20. The method of Claim 18, locating the diaphragm in the closed-ended
receiver housing sidewall after assembling the first receiver subassembly with the
second receiver subassembly, wherein the closed-ended receiver housing sidewall
includes a second open end, the method further comprising fastening a second
housing cover to the second open end of the closed-ended receiver housing sidewall,
wherein the first housing cover, the second housing cover and the closed-ended

receiver housing sidewall form the receiver housing.

21. The method of Claim 17 further comprising making the closed-ended
receiver housing sidewall by:

forming a single strip of metal having a first end and a second end opposite
the first end, an acoustical port through a first portion of the single strip of metal, a
stamped lead pass-through opening through a second portion of the single strip of
metal, and diaphragm-support projections protruding from an inside surface of the
single strip of metal; and

butt joining the first end and the second end of the single strip of metal.
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