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DRIVE PIN FORMING METHOD AND
ASSEMBLY FOR A TRANSDUCER

TECHNICAL FIELD

The disclosure herein relates to the field of sound reproduction, more specificaly to the
field of sound reproduction using an earphone. Aspects of the disclosure relate to earphone
drivers and methods of their manufacture for in-ear listening devices ranging from hearing aids
to high quality audio listening devices to consumer listening devices. In particular, aspects of
this disclosure relate to the assembly of a drive pin to apaddle. Additionally, however, aspects

of this disclosure can be implemented forjoining two or more components.

BACKGROUND

Personal "in-ear" monitoring systems are utilized by musicians, recording studio
engineers, and live sound engineers to monitor performances on stage and in the recording
studio. In-ear systems deliver amusic mix directly to the musician's or engineer's ears without
competing with other stage or studio sounds. These systems provide the musician or engineer
with increased control over the balance and volume of instruments and tracks, and serve to
protect the musician's or engineer's hearing through better sound quality a a lower volume
setting. In-ear monitoring systems offer an improved aternative to conventional floor wedges
or speakers, and in turn, have significantly changed the way musicians and sound engineers

work on stage and in the studio.

Moreover, many consumers desire high quality audio sound, whether they are listening
to music, DVD soundtracks, podcasts, or mobile telephone conversations. Users may desire
small earphones that effectively block background ambient sounds from the user's outside

environment.

Hearing aids, in-ear systems, and consumer listening devices typically utilize earphones
that are engaged a least partially inside of the ear of the listener. Typical earphones have one or
more drivers mounted within a housing, which may be of various types including dynamic
drivers and balanced armature drivers. Typically, sound is conveyed from the output of the

driver(s) through acylindrical sound port or anozzle.
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BRIEF SUMMARY

The present disclosure contemplates earphone driver assemblies, specifically balanced
armature driver assemblies. The earphone driver assemblies can be used in any hearing aid,
high quality listening device, or consumer listening device. For example, the present disclosure
could be implemented in or in conjunction with the earphone assemblies, drivers, and methods
disclosed in attorney docket no. 010886.01320, titled "Earphone Assembly" and attorney
docket no. 010886.01321, titled "Earphone Driver and Method of Manufacture,” which are

herein incorporated fully by reference.

The following presents a simplified summary of the disclosure in order to provide a
basic understanding of some aspects. It is not intended to identify key or critical elements of
the invention or to delineate the scope of the invention. The following summary merely
presents some concepts of the disclosure in a simplified form as a prelude to the more detailed

description provided below.

In one exemplary embodiment a method of forming a balanced armature transducer
assembly is disclosed. The method comprises locating a feed wire for forming a drive pin on a
reed surface at awire contact point, welding a first end of the feed wire to the reed, cutting the
feed wire to form a drive pin, and securing the drive pin to apaddle. The first end of the feed
wire can be welded to the reed by a laser welding operation with a first laser. Before the
welding operation, the feed wire is compressed by or against a first reed surface to form a
buckled portion in the feed wire. The first laser is directed a a second surface of the reed
opposite the wire contact point. The first laser then melts aportion of the reed to form amolten
reed material, and the feed wire is pushed through the molten reed material to form a weld
between the feed wire and the reed once the molten reed material solidifies. The feed wire is
then cut with a second laser to form the drive pin, and the second laser forms abulbous end on
the drive pin. The drive pin is then adhered to a paddle with an adhesive a the bulbous end,

and the adhesive forms a socket for receiving the bulbous end portion.

In another exemplary embodiment a balanced armature transducer is disclosed. The
transducer has an armature having areed, a drive pin, and apaddle. The paddle is configured
to vibrate to produce sound. The drive pin can be welded to the reed and connects the reed to
the paddle. The reed has afirst surface and a second surface, and the drive pin passes through
the reed and protrudes through the first surface and does not protrude through the second

surface; however, aternatively the pin may also dightly protrude through the second surface of
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the reed. A bulbous or ball-shaped end portion of the pin is glued to the paddle, and the glue
forms a socket for receiving the ball-shaped end portion. The ball-shaped end portion of the

drive pin has agreater diameter than an average diameter of the drive pin.

Another exemplary method comprises placing a feed wire in contact with areed a a
wire contact point, directing a heat source, such as alaser or other high energy source, a the
reed adjacent to wire contact point on the reed, melting a portion of the reed under energy from
the heat source to form molten material, and pushing the feed wire into the molten material on
the reed so as to form a weld between the reed and the feed wire. The method further
comprises cutting the feed wire with a second laser to form a drive pin and securing the drive

pin to apaddle to form aconnection between the reed and the paddle via the drive pin.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure is illustrated by way of example and not limited in the

accompanying figures:

FIG. 1A shows an exploded view of a motor assembly according to an exemplary

embodiment.
FIG. 1B shows afront view of the motor assembly of FIG. 1A.

FIG. 1C shows an exemplary nozzle assembly that can be used in conjunction with the

motor assembly of FIG. 1A.
FIG. 1D shows aclose-up portion of FIG. 1C.

FIGS. 2A-2C show perspective views of a drive pin secured to a reed according to an

exemplary embodiment.

FIG. 3 shows a perspective view of a drive pin welding machine according to an

exemplary embodiment.

FIG. 4 shows another perspective view of the drive pin welding machine shown in FIG.

FIG. 5A shows yet another perspective view of the drive pin welding machine shown in
FIG. 3.

FIG. 5B shows across-section of the wire guide shown in FIG. 5A.



10

15

20

25

30

WO 2012/006213 PCT/US2011/042593

4
FIGS. 6A-6F show perspective views of an exemplary drive pin forming process.

FIGS. 6A1-6D1, and 6F1 show close-up cross-sectional views of FIGS. 6A-6D, and 6F.

DETAILED DESCRIPTION OF THE INVENTION

An exploded view of abalanced armature transducer or motor assembly 150 is shown in
FIG. 1A and an assembled view of the motor assembly is shown in FIG. IB. The balanced
armature motor assembly 150 can be used with any earphone ranging from hearing aids to high
guality audio listening devices to consumer listening devices. In FIGS. 1C and ID, the
balanced armature motor assembly 150 is shown connected to an exemplary paddle 152 and

housing having anozzle 212.

As shown in FIG. 1A, the motor assembly 150 generally consists of an armature 156,
upper and lower magnets 158A, 158B, a pole piece 160, a bobbin 162, a coil 164, a drive pin
174, and aflex board 167. The magnets 158A, 158B can be secured to the pole piece 160 by
one or more welds made while the magnets 158A, 158B are held into place by one or more
glue dots 182. The flex board 167 is aflexible printed circuit board that mounts to the bobbin

162 and the free ends of the wire forming the coil 164 are secured to the flex board 167.

The armature 156 is generally E-shaped from a top view. In other embodiments,
however, the armature 156 may have a U-shape or any other known, suitable shape. The
armature has a flexible metal reed 166 which extends through the bobbin 162 and coil 164
between the upper and lower magnets 158A, 158B. The armature 156 also has two outer legs
168A, 168B, lying generally paraldl with each other and interconnected a one end by a
connecting part 170. Asillustrated in FIG. 1B, the reed 166 is positioned within an air gap 172
formed by the magnets 158A, 158B. The two outer armature legs 168A and 168B extend along
the outer side along the bobbin 162, coil 164, and pole piece 160. The two outer armature legs
168A and 168B are affixed to the pole piece 160. The reed 166 can be connected to a paddle
152 with the drive pin 174 at the bulbous or ball-shaped end portion 284 by an adhesive 285.
The adhesive 285 forms a socket, as depicted in FIG. ID, around the ball-shaped end portion
284 of the drive pin 174. The drive pin 174 can be formed of stainless steel wire or any other

known suitable material.

The electrical input signal is routed tothe flex board 167 via asignal cable comprised of

two conductors. Each conductor is terminated via a soldered connection to its respective pad
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on the flex board 167. Each of these pads is electrically connected to a corresponding lead on
each end of the coil 164. When signal current flows through the signal cable and into the coil's
164 windings, magnetic flux is induced into the soft magnetic reed 166 around which the cail
164 iswound. The signal current polarity determines the polarity of the magnetic flux induced
inthe reed 166. The free end of the reed 166 is suspended between the two permanent magnets
158A, 158B. The magnetic axes of these two permanent magnets 158A, 158B are both aligned
perpendicular to the lengthwise axis of the reed 166. The lower face of the upper magnet 158A
acts as amagnetic south pole while the upper face of the lower magnet 158B acts as a magnetic

north pole.

As the input signal current oscillates between positive and negative polarity, the free
end of the reed 166 oscillates its behavior between that of a magnetic north pole and south pole,
respectively. When acting as a magnetic north pole, the free end of the reed 166 repels from
the north-pole face of the lower magnet 158B and attracts to the south-pole face of the upper
magnet 158A. As the free end of the reed 166 oscillates between north and south pole
behavior, its physical location inthe air gap 172 oscillates in kind, thus mirroring the waveform
of the electrical input signal. The mation of the reed 166 by itself functions as an extremely
inefficient acoustic radiator dueto its minimal surface area and lack of an acoustic seal between
its front and rear surfaces. In order to improve the acoustic efficiency of the motor, the drive
pin 174 is utilized to couple the mechanica motion of the free end of the reed 166 to an
acoustically sealed, lightweight paddle 152 of significantly larger surface area. The resulting
acoustic volume velocity is then transmitted through the earphone nozzle 212 and ultimately
into the user's ear canal, thus completing the transduction of the eectrical input signal into the

acoustical energy detected by the user.

FIGS. 2A-2C depict aclose-up view of the drive pin 174 secured to the reed 166. The
drive pin 174 can be secured to the reed 166 by aweld 169 using a drive pin welding machine
200, which is described herein. The reed 166 has a first surface 171 and an opposing second
surface 173. The drive pin 174 generally extends from the first reed surface 171. However, a
first end 179 of the drive pin 174 extends generally through the entirety of the reed 166 passing
through the first surface 171 and the body of the reed 166 to the second surface 173. Thus
occurs because during the welding operation (described in greater detail herein) aportion of the
reed 166 is melted to form a molten material while the feed wire 278 forming the drive pin 174

is pushed into the molten material. In an embodiment, the drive pin 174 may scarcely protrude
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through the second surface 173 of the reed 166. In aternative embodiments, the first end 179
of the drive pin 174 may be flush with the second surface 173 of the reed 166, or may pass
through only aportion of the body of the reed 166 without passing through the second surface
173. The drive pin 174 may be formed with a slight bulbous or ball-shaped end portion 284 on
the free end of the drive pin 174 (away from the reed 166). The ball-shaped end portion 284 of
the drive pin 174 has a greater diameter than the middle portion of the drive pin 174. In an
embodiment, the ball shaped end portion 284 is formed when the drive pin 174 is cut to length
by a second laser 264B, the cutting process liquefying a portion of the metal end of the drive
pin 174 which thereafter cools and solidifies to form the bulbous ball shaped end portion 284,

as described herein.

FIGS. 3-5A depict a drive pin welding machine 200. The drive pin welding machine

200 generally comprises avideo monitor 210, a control pand 220, and awelding unit 250.

The welding unit 250 has a first laser 264A for welding the drive pin 174 to the reed
166 and second laser 264B for cutting the feed wire 278 to form the drive pin 174. As shown
in FIG. 4, the welding unit 250 has a wire spool 254 having a supply of feed wire 278, which
when affixed and cut to length, forms the drive pin 174. The welding unit 250 also comprises a
parts transfer dlide 256, which dlides in track 255, for moving the armatures into the welding
zone and a parts holding fixture 258 having aplurality of nests 259. The welding unit 250 also
includes optical viewing equipment, in particular, an optical microscope 260 for determining
whether areed 166 is present in the parts holding fixture 258 and a video camera 262 to create
a live image of the reed 166 and drive pin 174 in the welding position and to focus the lasers
264A, 264B. Asshown in FIG. 3, the welding unit 250 can aso be outfitted with a door 252,

which includes aviewing window 253 for outside observation and viewing purposes.

As shown in FIG. 5A, the welding unit 250 also has a wire guide 266 for properly
placing the feed wire 278 on the reed 166, front and back grippers 268, 270 for gripping and
selectively advancing the feed wire 278, amain slide 272 and atop dide 274 for advancing the
feed wire 278. The rear gripper 270 moves with the main dide 272. The top slide 274 moves
with the main slide 272 and also can move relative to main slide 272 in tracks 279 located on
the main dlide 272 as depicted in FIG. 6B. The wire guide 266 and the front gripper 268 move
with the top dlide 274. The main dide 272 moves in tracks 281 as shown in FIG. 6B. A front
stop 276, which can be formed of a stop screw, limits the movement of the top dlide 274, and a

stop bracket 273 limits the movement of the main slide 272. Additionally, as shown in FIGS.
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6A-6F, the main dlide 272 can be provided with a block 277 and spring 275 for limiting

backward movement of the top slide 274 on the main dide 272.

The main dide 272 has multiple functions including feeding the drive pin material or
feed wire 278, determining the overall travel length of the wire guide 266, and moving the wire

guide 266 out of the way from the beam from the second laser 264B during the cutting process.

The wire guide 266 is integrally formed with a gas distribution fixture 269, which is fed
gas from a gas line 267. FIG. 5B depicts a cross-sectional view of the gas distribution fixture
269. Gas distribution fixture 269 has a port 271 for feeding gas to the wire guide 266, which

aids in cooling the weld surfaces.

The welding unit 250 is configured to attach the first end 179 of the feed wire 278 to the
reed 166 using a laser welding process and then cut the feed wire 278 with a laser to form a
drive pin 174, as shown in FIG. 1. In aternative embodiments, this process can be

accomplished either manually or automatically.

The welding process performed by the machine 200 is depicted in a series of steps
shown in FIGS. 6A through 6F and FIGS. 6A1-6D1, and 6F1. As shown in FIG. 6A, to start
the welding process, the main slide 272 and the top slide 274 move forward toward the parts
holding fixture 258 with the front gripper 268 in aclosed position and the back gripper 270 in
an open position. The feed wire 278 is thus pulled from the spool 254, which is depicted in
FIG. 4, and guided through the wire guide 266. As shown in FIG. 6B, when the top slide 274
comes in contact with the front stop 276, the wire guide 266 motion is stopped. The main slide
272 with the rear gripper 270 in the closed position and the front gripper 268 in the open
position will continue to move forward causing the feed wire 278 to be forced up against the
reed 166 as shown in FIG. 6B1. The distance between the wire guide 266 and the first reed
surface 171 is determined by the position of the front stop screw 276, which can be adjusted.
In one embodiment, the stop screw 276 can adjust the distance between the wire guide 266 and
the reed surface between 0.026 to 0.028 in. depending on the feed wire 278 material. A s shown
in FIGS. 6B and 6C, the main slide 272 continues to move forward with the rear gripper 270 in
the closed position and the front gripper 268 in the open position causing the reed 166 to put
pressure on the feed wire 278, thereby causing it to deflect, resulting in a buckled portion 280
of the feed wire 278. For accurate positioning of the feed wire 278 relative to the reed 166, the

wire guide 266 needs to be as close as possible to the first reed surface 171.
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The feed wire 278 is forced up against the reed 166 producing an axial force on the feed
wire 278 causing the wire to bend, which forms the buckled portion 280. During this step, the
feed wire 278 will exert a compression force against the first reed surface 171. The
compression force is caused by the deflection in the buckled portion 280 of the feed wire 278,

which, being resilient, has atendency to reflex or "snap back" to its straight position.

Also shown in FIGS. 6C and 6C1, the first laser 264A produces a laser beam that is
applied to the second reed surface 173 a awelding spot and the laser energy melts and partially
liquefies the reed 166 material. The center of the feed wire 278 is located in the center of the
welding spot. By applying the first laser 264A beam on the second reed surface 173 or on the
opposite side of the feed wire 278, the reed 166 itself creates a protective shield for the feed
wire 278 to prevent it from melting. Additionally, the laser parameters can be optimized in

such away that only the reed 166 material is melted.

As shown in FIGS. 6D and 6D1, the feed wire 278 is directed in the same spot where
the reed 166 melting occurs and the axial compression force on the wire causes the feed wire
278 to be fed into molten areato form the weld 169. Stated differently, the reflex action of the
buckled portion 280 of the feed wire 278 causes the first end 179 of the feed wire 278 to pass
through the first surface 171 of the reed 166, and into the temporarily liquefied portion of the
body of the reed 166. Asthe feed wire 278 is pushed into the molten area, the buckled portion
280 in the feed wire 278 is relieved to form a straight wire as shown in FIG. 6D. After
solidification of the molten area, the feed wire 278 is captured in the reed material, and the
result is arobust weld 169 between the reed 166 and the feed wire 278. After the feed wire 278
is captured in the reed 166, the first end 179 of the feed wire 278 will extend through the first
surface 171 of the reed, and may protrude slightly from the second surface 173 of the reed 166.
The pulse duration of the first laser 264A parameters can be set very short to cause the molten

reed 166 to become solidified after a short period of time.

To cut the feed wire 278 as shown in FIG. 6E, the main slide 272 retracts, with the front
gripper 268 in the open position and the back gripper 270 in the open position, causing the top
slide 274 and the wire guide 266 to retract. This process ensures that the wire guide 266 is

moved out of the way of the second laser 264B beam before firing the second laser 264B beam.

Next, as depicted in FIGS. 6F and 6F1, the second laser 264B emits a laser pulse to cut
the feed wire 278 to form the drive pin 174. The feed wire 278 isthen cut a a predetermined
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location adjacent to the second laser 264B to form the drive pin 174 by cutting it to a desired
length.

As shown in FIG. 6F1, as the second laser 164B cuts the feed wire 278, a bulbous or
ball-shaped end portion 284 is formed on the second end of the drive pin 174, and a bulbous or
ball-shaped portion is also formed on the end of the next portion of the feed wire 278 which
forms the first end 179 of the next drive pin 174. The ball-shaped end portion 284 is somewhat
larger in diameter than the average overal drive pin diameter, on both ends of the drive pin
174. Compared to a mechanically sheared drive pin, which has no protuberance, the ball-
shaped end portion 284 has a larger surface area for contacting adhesive, thus creating a better
gluejoint connection between the paddle 152 and the drive pin 174. Because the glue forms a
socket 285, as depicted in FIG. ID, around the ball-shaped end portion 284 of the drive pin
174, a stronger "ball and socket" glue joint is formed, that is less susceptible to mechanical

hysteresis.

After cutting the feed wire 278 to form the drive pin 174, the parts holding fixture 258
then moves back so that the optical microscope 260 can provide images of the reed 166
position in the parts holding fixture 258 for the next part. If areed is "found" by the optical
microscope 260, the welding sequence discussed above will start over again. If no part is
loaded in a particular nest 259, the slide will move to the next part. This operation will
continue until parts from all loaded nests 259 have drive pins 174 cut and welded to the reeds
166. After completing welds 169 and cuts for all of the motor assemblies located in nests 259,
the parts holding fixture 258 automatically moves to re-loading position, and the door 252 is
manually opened. The motor assemblies 150 can then be removed and each of the
corresponding ball shaped end portions 284 of the drive pins 174 can be glued to a
corresponding paddle 152.

Alternatively, the drive pin welding machine 200 can be operated in manual mode. The
operator can move the parts holding fixture 258 by moving the parts transfer dlide 256
manually. The user moves the parts transfer slide 256 and the parts holding fixture 258 in front
of the optical microscope 260. Once the reed 166 position is sensed by the optical microscope
260, the parts transfer dlide 256 is stopped and the drive pin welding machine 250 can
commence welding the feed wire 278 to the reed 166 and cutting the feed wire 278 to form the
pin 174, as described previously herein.
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The optical microscope 260 provides a live picture of the welding operation, which is
displayed on the video monitor 210. The correct reed position is monitored by the video

monitor 210 and may be compared to a coordinate system generated by across hair generator.

In an embodiment, inert gas "Argon" can be projected onto the welding surfaces during
the welding process. Projecting the inert gas onto the surfaces aids in preventing oxidation,
minimizing drive pin 174 heating, and reducing the size of the heat-affected zone on the reed.

The gas distribution fixture 269 directs the inert gas flow to the welding surfaces.

To create durable weld joints, the welding parameters must be set properly. The laser
parameters are defined in away that only the reed surface in contact with the feed wire 278 is
melted and the feed wire 278 is fed into the molten material. To accomplish this: (1) the laser
parameters, such as the spot size, peak power, and pulsing width need to be determined as a
function of the reed and wire/drive pin materials, (2) the drive pin and the reed material must
be protected from large amounts of heat, which can be accomplished through inert gas flow,

and (3) the laser pulse must be set short, preferably 1to 2 milliseconds.

In an embodiment, a LaSag laser power supply is used for generating the welding
energy used in the described welding and cutting processes. The laser beams can be delivered
through fiber optics cables to processing heads. The processing head can have a lens with a
100mm focal distance. The reed 166 welding surface must be placed in the focal point of the
lens. A lens with a longer focal length has two advantages: (1) it allows for a greater distance
for positioning of the reed and (2) it is easier to protect the lens from welding material
splattering from the reed. In addition, easy-to-change glass plates can be used to provide lens
protection. As discussed above, the laser parameters are selected as a function of the material
and the weld joint properties. The laser's parameters have a direct effect over the weld joint
quality, laser spot size, and laser penetration depth. In an embodiment, welding laser
parameters are: frequency level = 2Hz, laser power = 1410W, and laser pulse duration = 1.2
milliseconds. In another embodiment, the feed wire 278 is made from stainless steel 302 alloy,
with adiameter of 0.004 inch and drive pin cutting laser parameters are: frequency level = 2Hz,

laser power level = 400W, and pulse duration = 3 milliseconds.

The welding machine sequence can be controlled by a programmable logic controller
("PLC"). The PLC can be interfaced with the lasers 264A, 264B, with a suitable connector,
such as an X51 connector. Additionally, the lasers 264A and 264B can be any type of suitable
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laser such as a LaSag laser. For welding and cutting the drive pin two different welding

programs or "recipes’ can be used.

For the welding and cutting process atime sharing dua fiber laser system can be used,
where the PLC can switch the laser power supply from the first laser 264A to the second laser
264B. Time sharing between the two fibers allows the lasers to fire separately and
independently. The PLC is connected to the fibers and according to the desired function
instructs the fibers to fire the lasers to cause the welding or cutting operation. In conjunction
with selecting the correct fiber, the PLC performs a program change or "recipe change” to ater
the laser parameters such as from welding to cutting. For example, the welding function and
the cutting function may differ from each other by pulse duration and power intensity. It isaso
contemplated that the above could be accomplished using separate power sources for the lasers
264A and 264B.

Aspects of the invention have been described in terms of illustrative embodiments
thereof. Numerous other embodiments, modifications and variations within the scope and spirit
of the disclosed invention will occur to persons of ordinary skill in the art from areview of this
entire disclosure. For example, one of ordinary skill in the art will appreciate that the steps
illustrated in the illustrative figures may be performed in other than the recited order, and that

one or more steps illustrated may be optional in accordance with aspects of the disclosure.
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What is claimed is:

1. A method of forming abalanced armature transducer assembly comprising:
locating afeed wire for forming a drive pin on areed a awire contact point;
welding afirst end of the feed wire to the reed;
cutting the feed wire to form a drive pin; and
securing the drive pin to apaddle.

2. The method of claim 1wherein the first end of the feed wire iswelded to the reed by a

laser welding operation with afirst laser.

3. The method of claim 2 wherein the feed wire is compressed against the reed to form a
buckled portion in the feed wire.

4. The method of claim 2 wherein the wire contact point is on afirst surface of the reed,

wherein the first laser is directed a a second surface of the reed opposite the wire contact point.

5. The method of claim 4 wherein the first laser melts aportion of the reed to form a
molten reed material and the feed wire is pushed through the molten reed material to form a
weld between the feed wire and the reed once the molten reed material solidifies.

6. The method of claim 1wherein the step of cutting the feed wire to form adrive pin
comprises cutting the feed wire with a second laser, wherein the second laser forms abulbous

end on the drive pin.

7. The method of claim 6 wherein securing the drive pin to the paddle comprises adhering
the bulbous end of the drive pin to the paddie with an adhesive, wherein the adhesive forms a

socket which receives the bulbous end.
8. A method of forming abalanced armature transducer assembly comprising:

locating afeed wire for forming adrive pin on areed by contacting the reed with the
feed wire;

laser-welding afirst end of the feed wire to the reed with afirst laser;
laser-cutting the feed wire to form adrive pin with a second laser; and

adhering the drive pin to apaddle.
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9. The method of claim 8 wherein the feed wire is compressed against the reed to form a
buckled portion in the feed wire.

10. The method of claim 8 wherein the feed wire contacts the reed on afirst reed surface

and the first laser is directed a a second reed surface opposite the first reed surface.

11. The method of claim 10 wherein the first laser melts aportion of the reed to form a
molten reed material and the feed wire is advanced through the molten reed material to form a
weld between the feed wire and the reed upon solidification of the molten reed material.

12. The method of claim 8 wherein the second laser forms abulbous end portion on the

drive pin.

13. The method of claim 12 wherein the bulbous end portion of the drive pin is adhered to

the paddle with an adhesive and the adhesive forms a socket around the bulbous end portion.
14. A balanced armature transducer comprising:

an armature having ametal reed;

apaddle configured to vibrate and produce sound; and

adrive pin having afirst end secured to the reed by alaser weld and a second end
secured to the paddle; wherein the first end of the drive pin passes into the reed, and the second
end of the drive pin is adhered to the paddle.

15. The transducer according to claim 14, wherein the reed has afirst surface and a second

surface and wherein the drive pin protrudes through the first surface.

16. The transducer according to claim 14, wherein the drive pin does not protrude through

the second surface.

17. The transducer of claim 14, wherein the second end of the drive pin has abulbous end

portion.

18. The transducer of claim 14, wherein the bulbous end portion is formed by laser-cutting

the second end of the drive pin.

19. The transducer of claim 17, wherein the bulbous end portion is glued to the paddle and

wherein the glue forms a socket connected to the bulbous end portion.

20. The transducer of claim 14, wherein the second end of the drive pin has a diameter

greater than an average diameter of the drive pin.
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21, A balanced armature transducer comprising:

an armature having areed, the reed having abody with opposing first and second

surfaces;
apaddle being configured to vibrate and produce sound;

adrive pin having afirst end and a second bulbous end, the first end passing through the
body and the first surface, the second bulbous end affixed to the paddie; and

aweld connecting the first end of the drive pin and the reed.

22. The transducer of claim 21, wherein the second bulbous end of the drive pin has a

greater diameter than amiddle portion of the drive pin.

23. The transducer of claim 21 wherein an adhesive affixes the second bulbous end of the
drive pin to the paddle and the adhesive further comprises a socket which receives the second

bulbous end.

24, A method of forming adrive pin onto areed of abalanced armature transducer

comprising:
placing afeed wire in contact with areed a awire contact point;

directing aheat source at the reed to liquefy aportion of the reed adjacent the wire

contact point;
advancing the feed wire into the molten material on the reed; and

solidifying the liquefied portion of the reed to form aweld between the reed and the
feed wire.

25. The method according to claim 24 further comprising cutting the feed wire to form a

drive pin having acut end.

26. The method according to claim 25 further comprising gluing the cut end of the drive pin

to apaddle to form aconnection between the reed and the paddle via the drive pin.
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