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CROSS-REFERENCE TO RELATED APPLICATIONS

The present invention Is related to United States patent application Seriaf No.,
13/832,719, filed March 15, 2013, entitled "Configuring Wireless Devices for a Wireless
Infrastructure Network," which is incorporated herein by reference in their entirety.

. The present invention Is also related to United States patent application Serial No.
14/031,938, filed Septembar 19,2013, now U.S. Patent 8,655,420, entitled *Wireless Earphone
Set," which appﬁcatio;i is a continuation of United States patent application Sedal Number
13/609,409 filed September 11, 2012, which is a continuation of United Stales patent
application Serial Number 13/459,291 filed April30, 2012, now U.S..Patent 8,571,544, whichis a
confinuation of Unlted States patent application Serdal Number 12/936,488, filed December 20,
2010, now LS. Patent 8,190,203, which is a national stage entry of 16 PCT/US09/39754, filed

_April 7, 2008, which claims prierity to United States provisional patent application Serial Number
61/123,265, filed ‘April 7, 2008, all of which are Incorporated hereln by refarence in their entiraty.

BACKGROUND

A typleal capacitive louchscreen pane! conslists of an insulator such as glass, coatad
with a transparent conductor such as indium tin oxide (ITO). When a human finger touches the
surface of the screen, a distortion of the screen's elecirostatic field restuite, measurable as a
change in eapacitance, because the human body is also an electrical conductor, Different
technologies may be used to determine the location of the touch. The location Is then sentto a
controller for processing. Capacillve touchscreens are often used for user intarfaces, such as in
smartphones, tablet computers, etc. :

SUMMARY

In one general aspect, the present inventian is directed to wireless-enabled loudspeaker
with a wooden ar other dielectric capacitive touch user interface. The loudspeaker may
comprize at least one elettroacoustic transducer for producing audible sound, a processorin
communication with the at least ons electroacoustic fransducer, and a woaden (or other

-1-

Slion 05012016 21:50.43 - O5.01 5016 21:58:19, This page 5 of IAMENDED SHEET 6215237
Raceived at the EPO on Jan 05, 2016 21:58:19. Page 5 of 18

1/3 05-01-2016




Printed; 14-01-2016

DESCPAMD PCT/US 2014/063 847

K & L GAIES Fax 412-358-6501 dJan & 2016 03:32pm PBOE/D1B

EXHIBIT A -REPLACEMENT SPECPCT /US 2014/063 847 — 05~-01-2016
Int'! Appl Mo, PCT/US2014/063847
Docket No. 130392PCT

" wireless transceiver circuit may receive wiralessly audio content for playing by the loudspeaker

. server to recelving streaming audié frem & second streaming audio content server, Addresses

die!éc;fric) extarior surface comprising a capacitive touch uear interfooe that allows & user to
control operation of the loudspeaker. The capacitiva touch user interface may comprise at least
one capacitive sense electrode in communication with the processor, and the wooden exierior
surface acts z dielectric for the capacitive touch user interface. In various implementations, the

-{oudspeaker further i:'ompﬁses a wireless transcelver circuit in communication with the

processor, whe reln the wireless transceliver circuit is for recelving and transmitting wireless
communication signals via a wireless network (e.g., & WiFi wireless network). As such, the

via the wireless network; the processor may process the sudio content; and the
electroacoustic(s) transducer may audibly output the audio content. The wireless transceiver

circuit may racoivo audio content from streaming audio content servets il are cunneuied ©

the internet.

It various implementations, the capacitive touch user interface comprises a plurality of
user control icons etched or otherwise fixed into the wooden (or other dielectric) exterior
surface, and a plurality of capacitive sense eleclrodes located under the wooden extarior
surface. There may be at least one capacitive sense alectrode for each one of the plurality of
user control icons, The plurality of user control icons may comprise, for example, a volume

cantrol to control the waltimo vl s seunnl sulpul By he jougspeaker and an ofvorT contrel ror
the loudspeaker. There may be a plurality of sld&by-side capacitive sense electrodes
associated with the volume control Icon, forming a slider capacilive sensor. The loudspaaker
may also include a next stream control that, when activated by the user, causes the wireless
tranaceiver circult to awitch from recelving streaming audiu rom & st sreaming audio content

for the first and second streaming audio contant servers may be stored in a mamory unit of the
loudspeaker. In addition, the loudspeaker may glso include a control that. when activatend hv tha
user, causes the wireless fransceiver circuit to transmit an Indication for a track being played by
the loudspeaker to be tréansmitted to-a remote server system that ls connected {o the Internat.
The indication for the track may be an indication of approval by the user for ihe track andfor the
remete setver system may comprise a social media website server system.

These and other benefits of the present invention will be apparent from the description
that follows.
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UoRU 19/ 20904k fe1ates o loudspeaker enclosures and systems having one or more

speakers mounted on them. The speaker system is constructed from an enclosure havina a
planar rear wall, first and second planar side walls, first and second planar front walls, and a top

end and a bottomn end. Such loudspeaker enclosures may ba made of wood, wood composite or
plastic. In one technigue. the walfs and ends of tho cpesker tower ara made of mediun der ity
fiberboard (MDF). In one technique, the speaker system includes three speaker drivers, at least
one of the speaker drivers being mountéd to each of the rear wall, the first and second front

walls Wiring' is provided to connoct the speaker diivers {o curinectors that provide connection in
a gignal source. One technique includes a volume control for adjusting the volume of the

speakers. The volume control can be a rofatable knob that can use a digital encoder or analog
' potentiometer, ar any of a piurality of different types of adjusters, such as a sliding adjuster, or
up and down volume buttons. In some techniques, the volume can be controlled through an
inpl}t touchscreen. The speaker tower has a screen that displays inforination, such as volume
fevel, song information, battery level, clock, etc. The screen can be positioned on the top end,
ffonf walls, or side walls, In one technique, the screen is a louch-screen that allows the user te
select songs, change volume or otherwise Input information to the speaker tower. The speaker
tower can Include buttons used for inputting information in addition to, or Instead, of the touch-

screen.
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FIGURES

Various embodiments of the present invention arc described herein by example with
reference to the following figures, wherein:

Figure 1 is a front perspective view of a loudspeaker according to various
embodiments of the present invention;

Figure 2 is a diagram of a network system in which the loudspeaker may be used
according to various embodiments of the present invention;

Figure 3 is a diagram of a capacitive user touch interface on a top, wooden surface of
the loudspeaker according to various embodiments of the present invention;

Figure 4 is a block diagram of components of the loudspeaker according to various
embodiments of the present invention;

Figures 5-6 are diagrams of capacitive touch electrodes according to various
embodiments of the present invention;

Figure 7 is a flowchart of a process for configuring the loudspeaker for
communicating on a wireless network according to various embodiments of the present
invention; and

Figures 8 and 9 are diagrams of the electroacoustic transducers of the loudspeaker

according to various embodiments of the present invention.

DESCRIPTION

In one general aspect, the present invention is directed to wireless-enabled
loudspeaker with a wooden or other dielectric capacitive touch user interface, and preferably
a projected capacitance user interface. Figure 1 is a view of the loudspeaker 100 and Figure 2
is a diagram of a wireless communication network 200 that includes the loudspeaker 100
according 1o various embodiments of the present invention. The loudspeaker may 100 may
receive content wirelessly for playing (i.e., audio), for example, via a wireless
communication link 201, such as a Wi-Fi network or other suitable wireless network. With a
Wi-Fi network, for example, the loudspeaker 100 may connect to the Internet 202 via an
access point 2006 so that the loudspeaker 100 can access and receive wirelessly audio streams
from streaming audio content scrver systems 204 that arc on (or connccted to) the Internct
202. Two such streaming audio content server systems 204 are show in Figure 2 for
simplicity, although there could be many more. As described in more detail below, a user of

the loudspeaker 100 may use a computer 208 to help configure or set-up the loudspeaker 100
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for use. The computer 208 may be any computer device that is suitable for configuring the
loudspeaker 100, such as a PC, laptop, tablet computer, smartphone, ctc., and that is
connectable to the Internet 202 (as most computers are). The user may use the computer 208
to access a web site hosted by a remote server 210 in configuring the loudspeaker 100. The
remote server 210 may also store configuration parameters for the loudspeaker 100, as
described further below.

The loudspeaker 100 may be made primarily of a dielectric material, such as wood.
For example, ash or any other suitable wood could be used. In such an embodiment, the
loudspeaker 100 may comprisc wooden top 102, bottom 104, side 106, 108, and back 110
surfaces. A front surface may comprise, for example, an acoustical grate 112 (e.g., a
perforated steel acoustical grate) through which sound emanates. As shown in the example
of Figure 8, one or more speakers, e.g., a mid-range speaker 802 and a tweeter 804, may sit
behind the grate 112 and output audio through the grate 112 for listening. The speakers 802,
804 may be swrrounded by, and be fastened to, a front wood surface 806. The loudspeaker
100 may have sharp edges/corners as shown in Figures 1 and 8, or in other embodiments, it
could have rounded corners and edges. The size of the loudspeaker 100 may depend on in
part the size and number of electroacoustic transducers that are employed (a bigger
loudspeaker is obviously needed for more and bigger transducers). The loudspeaker 100 may
be, for example, 6” to 24” tall, 6 to 18" wide, and 6” to 18” deep, according te various
embodiments, or even larger. In the illustrated embodiments, the loudspeaker 100 is taller
than it is wide; in other embodiments, it could be wider than it is tall.

In various embodiments, the top surface 102 may comprise a wooden capacitive touch
uscr interface through which a uscr may control the loudspeaker 100. Figure 3 is a top view
of the top surface 102 of the loudspeaker 100 showing the capacitive touch user interface
according to one embodiment of the present invention. The interface may include several
controls, whose corresponding icons may be laser-etched in the wood of the top surface 102.
The controls may include, for example: a volume control 302; a next track control 304; a
previous track control 306; a next stream control 308; a positive feedback control 310; a
negative feedback control 312; an auxiliary control 314; and a power (on/off) control 316.
These controls may usc the wood of the wooden top surface 102 as the dielectric between the
user’s finger and the corresponding electrode for the control. The user can contact the
capacitive controls or come in close proximity to them in order for the user’s commands to be
sensed. In addition, each of the controls 302-316 may have associated LED pipes 321-338
that emit when their corresponding control is activated. The LED pipes may be made from
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an optically translucent material, such as acrylic, and may pipe light energy from
corresponding LEDs (not shown) to the top surface 102 of the loudspeaker 100.

In various embodiments, the volume control 302 may be implemented with a
capacitive slider sensor. The user can increase the playback volume by sliding their finger
from left to right, and decrease the playback volume by sliding their finger from right to left.
The other controls may be implemented, for example, with capacitive buttons. There may be
multiple LED pipes associated with the volume control 302, such as the five (LEDs 321-325)
shown in Figure 2 or a different quantity. The LED 321-325 may illuminate in
correspondence to the position of the user’s finger as the user slides his/her finger across the
volume control 302, For example, when the user slides his/her finger from left to right on the
volume control 302 to increase the volume, first LED 321 may activate, and then the other
LEDs 322 up to 325 may activate in sequence as the user slides his/her finger from left to
right on the volume control 302 depending on where the user stops. Conversely, when the
user slides his/hrer when the user slides his/her finger from right to left on the volume control
302 to decrease the volume, first all of the LEDs 321-325 may activate, and then the other
LEDs 325 down to 322 may turn off in sequence as the user slides his/her finger from right to
left on the volume control 302 depending on where the user stops. LEDs 321-325 may stay
on for a short period of time, such as until the user removes his/her finger from the volume
control 302, or a short time thereafter.

The next stream button 308 allows the user to advance to the next stream. The
streams may be, for example, audio streams from different sources received wirelessly by the
loudspeaker 100 via the wireless network. For example, the streams could be from the
streaming audio content server systems 204 connected to the Internet 202 (see Figure 2),
where the loudspeaker 100 receives the streams via the wireless network 201. There may be
a pre-established order associated with the streaming audio content server systems 204 (¢.g.,
stored by the remote server 210 and established by the user through computer 208), and
clicking the next stream button 308 causes the loudspeaker 100 to connect to the next
streaming audio content server 204 in the pre-established order. Clicking the next stream
button 308 may cause its corresponding LED 330 to illuminate for a brief period of time.
The next and previous track controls 304, 306 allow the uscr to advance to the next or prior
audio tracks in a stream, respectively. Clicking the next and previous track controls 304, 306
may cause their corresponding LEDs 326, 328 to illuminate for a brief period of time,
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By touching (or coming within sufficiently close proximity) to the positive feedback
control 310 or negative feedback control 312, the user may indicate positive or negative
feedback respectively for a song or other track being played by the loudspeaker 100. For
example, when the user activates the positive (or negative) feedback control 310 (312), an
indication of the user’s approval (or disapproval) of the track currently being played by the
loudspeaker 100 may be scnt via the wircless network 201 and the Internet 202 to the remote
server 210. The remote server 210 may store data related to the tracks that the user of the
loudspeaker 100 approves and disapproves. Clicking the positive feedback control 310
and/or negative feedback control 312 may cause their corresponding LEDs 332, 334 to
illuminate for a brief period of time, respectively.

In yet other embodiments, additionally or alternatively, the capacitive user interface
could include a control (not shown) that causes data about the track currently being listened
to on the loudspeaker to be sent to a social media server system(s) 212, such as Twitter,
Facebook, Googlet, etc. Upon receipt of such data, the social media site may indicate that
the user is listening to or enjoying or playing the track.

With the auxiliary control 314, the user can switch the input source for the
loudspeaker 100. For example, in various embodiments, the loudspeaker 100 comprises, on
the back surface 110, an audio input jack (not shown). For example, the loudspeaker 100
may comprise a female audio receptacie sized to accommodate a TRS, TS, TRRS or any
other suitable audio connector. That way (with for example an audio cable with two male
audio connectors), the user could connect a digital personal audio player (e.g., an iPod or
other similar device) to the loudspeaker 100 such that the loudspeaker 100 can output audio
from the digital personal audio playcr. Alternatively or additionally, the loudspeaker 100
may comprise other input means for connecting to other audio sources, such as a USB input,
an optical audio connector input, etc. The user may cycle between these different sources
(including the wireless source) by activating the auxiliary control 314. Clicking the auxiliary
control 314 may cause its corresponding LED 336 to illuminate for a short period of time.

The power control 316 may be used to turn on and off the loudspeaker 100. The LED
338 for the power control 316 may illuminate when the loudspeaker 100 is turned on.

Figure 4 is a simplificd block diagram of the loudspeaker 100 according to various
embodiments. As shown in Figure 4, the loudspeaker 100 may comprise a central processing
unit (CPU) 402 and one or more external memory units 404. The external memory unit(s)
404 may comprise non-volatile memory, such as NAND flash memory. In addition, the CPU
402 may include internal volatile (e.g., RAM) and/or non-volatile (e.g., ROM) memory.
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Collectively, the internal and external memory may store software and/or firmware
instructions or code that are executed by the CPU 402 to control the operation of the
loudspeaker 100. Preferably, the CPU 402 comprises digital audio processing capabilities,
such as an AMS model AS3531 digital audio processor or other suitable digital audio
processor.

Also as shown in Figure 4, the loudspeaker 100 may comprise a RF transceiver circuit
408 connected to the CPU 402 that handles radio/wireless communications by the
loudspeaker 100. In various embodiments, the RF transceiver circuit 408 may be a separate
chip from the CPU 402 (as shown in Figure 4) or it could be integrated with the CPU 402.
The wireless communication may use any suitable wireless communication protocol, and
preferably a protocol that is capable of communicating with the Internet 202 through the
access point 206 (see Figure 2), such as the Wi-Fi protocols (such as IEEE 802.11 a, b, g,
and/or 1), or WiMAX (IEEE 802.16), or any other suitable protocol. In operation, therefore,
streaming audio from one of the streaming audio content server systems 204 (or other
wireless audio source) may be received by the RF transceiver circuit 408 via the Internet 202
(or other data communications network) and processed by the CPU 402. In an embodiment
where the RF transceiver circuit 408 is a separate chip from the CPU 402, the RF transceiver
circuit 408 may be implemented with, for example, a NanoRadio NRG731 chip. The
received audio may be output by one or more speakers (e.g., electroacoustic transducers) 412
after being converted from digital to analog by a digital-to-analog converter (DAC) 414 and
amplified by an audio power amplifier 416. Although only one speaker 412 is shown in
Figure 4, it should be recognized that the multiple speakers could be used, such as mid-range,
tweeter, bass, and woofer and/or sub-woofer speakers. In one cmbodiment, the loudspeaker
100 may be a mono (one channel} speaker system and could be paired with another (or
additional) loudspeakers on different channels to create a stereo (or surround) speaker
Systern.

Also, as shown in Figure 4, the loudspeaker 100 may comprise the capacitive touch
sensors 302-316 and LEDs 415 for the corresponding LED pipes 321-338 that are part of the
capacitive user interface 420. More details about the capacitive touch sensors 302-316 and
the LED pipes 321-338 are shown in connection with Figures 5-6. Also, the loudspeaker 100
may comprise a capacitive sense controller 422 for controlling the capacitive touch sensors
302-316 and interfacing with the CPU 402. Any suitable capacitive sense controller 422 may
be used, such as for example, a C805S1F996 capacitive sensing MCU from Silicon Labs. In
addition, cne or more LED drivers 424 may be used as needed to drive the LEDs 321-338;
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any suitable LED driver may be used, such as for example, a SX1509QB LED driver from
Scemtech.

Figures 5 and 6 show more details about the wooden capacitive touch user interface
according to various embodiments of the present invention. Figure 5 is a simplified side-
view of the wooden capacitive touch user interface. This figure shows the wooden top
surface 102 of the loudspeaker adjacent to an clectrode 502 that is mounted on a top side of a
printed circuit board 504, The electrode 502 may be connected to other components, such as
the capacitive sense controller 422, by a conductive via 506 through the printed circuit board
504 and a conductive trace 508 on the underside of the printed circuit board. The capacitive
sense controller 422 may be mounted, for example, to the underside of the printed circuit
board 504 or to another printed circuit board (not shown). The printed circuit board 504 may
be constructed of a dielectric material such as FR4. Also, the wooden top surface 102 acts as
dielectric. Consequently, when a user brings their finger 510 proximate to the electrode 502,
the capacitive fields of the electrode 502 are altered since the user’s finger acts an electrode
of a capacitor, with the wooden top surface 102 acting as dielectric therebetween. This
change in capacitance can be detected, such as by the capacitive sense controller 422, to
determine whether the user has activated the control associated with the electrode 502.

Figure 6 is a top view of the printed circuit board 504 that may be underneath the
wooden top surface 102. As shown in Figure 6, each of the controls 302-316 (see Figure 3)
has at least one associated electrode 502. The ¢lectrodes 502 shown in Figure 6 are
interdigitated electrodes, although in other embodiments one or more of the electrodes 502
could have other structures, such as disc electrodes, etc. As shown in Figure 6, the volume
control 302 may comprise multiple electrodes 502 in a row to form a slider sensor to detect
movement of the user’s finger across the volume control 302. Figure 6 also shows the LED
pipes 321-338. The LEDs 415 (shown in Figure 4) may be below the printed circuit board
504, and their light energy is carried by the light pipes 321-338 through the printed circuit
board 504 to the top wooden surface 102.

The loudspeaker 100 may be powered by an external AC-DC in-line power supply
and/or internal batteries.

Figure 9 is a diagram of the back of the loudspeaker 100 with the back wooden panel
removed. Asshown in Figure 9, the interior of the loudspeaker may include, for example, a
wooden shelf 901 toward the top of the loudspeaker 100. The printed circuit boards for
various electrical components and chips (e.g., the CPU 402, the RF transceiver circuit 408,
the external memory 404, etc.) may be mounted to or otherwise attached to a top of the shelf
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901. Caulk may be used to secure the shelf 901 to the interior sides of the wooden side
surfaces 106, 106,

To configure the loudspeaker 100 for wireless operation, two things preferably must
happen. First, the loudspeaker 100 should be associated with a user’s account; second, it
should be provisioned to work on 2 WiFi (or other wireless) network. The user may have an
account with an Internet service that manages the wireless loudspeaker 100 and/or other
wirgless audio and/or video devices that the user may have. The Internet service for
managing the wireless device, including the loudspeaker 100, may be hosted by the remote
server system 210 (see Figure 2), for example. The user may access the remote server system
210 via the Internet 202 from the user’s computer 208. Figure 7 is a flowchart depicting a
process to configure or set up the loudspeaker 100 for use, and in particular to connect to the
WiFi (or other wireless) network, according to various embodiments of the present invention.
At step 701, if the user does not already have an account with the service, the user sets up an
account with the remote server system 210 and logs into their account. The user may set up
the account by logging onto a web site hosted by the remote server system 210 that is
accessible through the Internet 202 by the user’s computer 208. Once logged in, the user
opens a device set up application (e.g., an applet) from the website at step 702 and at step 703
plugs the loudspeaker 100 into the computer 208, such as via a USB cable (the back of the
loudspeaker 100 may have a USB port). The set up application may have a “search” button
that, when activated by the user at step 704 at the user’s computer 208, searches for the
loudspeaker 100. Once the loudspeaker 100 is found, its device ID is displayed in the set up
application and the user may, at step 705, again through the set up application, elect to add
the loudspeaker 100 to the user’s account. Once the loudspeaker 100 is added to the uscr’s
account, it may now be provisioned for the WiFi network. At stép 706, a WiFi set up
application may be opened from the web site. Then, at step 707 the loudspeaker is
disconnected from the computer 208 and, according to various embodiments, a content access
point (CAP) is connected to the computer 208, again through a USB port, for example. The
CAP may be a device that scans for local WiFi networks. More details about a suitable CAP
can be found in United States patent application Serial No. 13/832,719, filed March 15, 2013,
entitled “Configuring Wireless Devices for a Wireless Infrastructure Network,” and in 11.S.
Patent 8,190,203, issued November 29, 2012, entitled “Wireless Earphone That Transitions
Between Wireless Networks,” both of which are hereby incorporated herein by reference in
their entirety. At step 708, the CAP scans for local wireiess networks. Assuming one or
more are found, identifiers (e.g., names) for the found networks will appear in the WiFi set up
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application. Then, at step 709 the CAP is disconnected from the computer 208 and the
loudspeaker 100 is reconnected. Next, at step 710 the desired WiFi network can be selected
n the WiFi setup application by the user, at which point then user is prompted to input the
password for the WiFi network (and poessible encryption type) at step 711. The application
may then, at step 712, create a file (¢.g., a .bin file) with the network credentials (identifier,
password, ctc.) and write the file to the loudspeaker 100 (e.g., stored in onc of the memory
units thereof), which completes the process such that the foudspeaker 100 is assigned to the
user’s account and configured to work on a local WiFi network., The network credentials are
stored in the memory of the loudspeaker 100 so that the loudspeaker 100 can use them to
access the WiFi network. Other WiFi networks could be added in a similar manner.

As mentioned above, the loudspeaker 100 (via the RF transceiver circuit 408) may
receive streaming audio from streaming audio content server systems 204 connected to the
Internet 202. Using the computer 208, the user may log onto, for example, a web site hosted
by the remote server system 210 to configure the streaming audio sources 204 for the
loudspeaker 100. For example, in one embodiment, through the web site the user can specify
a number of streaming audio content server systems 204 to which the user desired to listen at
various times in the future. The user may also specify a cycling sequence or queue for the
streaming audio content server systems 204. The IP addresses and the desired sequence for
those streaming audio content server systems 204 may be downloaded to the Ioudspeaker
from the remote server 210 wirelessly or from the computer 208, for example, and stored in a
memory unit of the loudspeaker 100, e.g., external memory unit 404 and/or memory units
internal to the CPU 402. When the loudspeaker is in use, and the user activates the next
stream control 308, the RF transceiver circuit 408 can retrieve (or be sent by the CPU 402)
the address for the next streaming audio content server system 204 in the queue and connect
to the streaming audio content server system 204 via the wireless link 201 and the Internet
202 so that audio from the next streaming audio content server system 204 can be played by
the loudspeaker 100.

The above embodiments are generally described in the context of a wooden capacitive
touch user interface. In other embodiments, however, other dielectrics could be used. For
example, in such embodiments, the exterior surface of the loudspeaker 100 that has the user
interface could comprise other dielectric materials besides wood, such as thermoplastic or
other resins {e.g., Teflon, phenolic, epoxy, acetal), fiberglass, MDF {medium density
fiberboard), solid surface materials such as Corian®, glass, stone, etc. In such embodiments,
substantially of the exterior surfaces (e.g., top surface 102) could be made of the dielectrie, or
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just the exterior surface(s) with the capacitive touch user interface. According to such
embodiments, the control icons 302-316 may be etched, printed on, or otherwise fixed to the
exterior surface (¢.g., top surface 102). And the LED pipes 321-338 may be used with any of
the dielectric overlay materials. Further, for all dielectric overlay materials, the thickness of
the dielectric overlay may be selected based on mechanical/ESD robustness (the thicker the
better), power consumption (the thinner the better), and the diclectric propertics of the
material. The thickness may be about 1/8” for a wooden (ash) overlay, for example.

In various embodiments, therefore, the present invention is directed generally to a
Toudspeaker 100 that comprises at least one clectroacoustic transducer 802, 804 for producing
audible sound, a processor 402 in communication with the at least one electroacoustic
transducer, and a wooden exterior surface (e.g., top surface) 102 comprising a capacitive
touch user interface 420 that allows a user to control operation of the loudspeaker. The
capacitive touch user interface 420 comprises at least one capacitive sense electrode 502 in
communication with the processor 402, and the wooden exterior surface 102 acts a dielectric
for the capacitive touch user interface. In various implementations, the loudspeaker 100
further comprises a wireless transceiver circuit 408 in communication with the processor 402,
wherein the wireless transceiver circuit 408 is for receiving and transmitting wireless
communication signals via a wireless network (e.g., a WiFi wireless network). As such, the
wireless transceiver circuit 408 may receive wirelessly audio content for playing by the
loudspeaker 100 via the wireless network; the processor 402 may process the audio content;
and the at least one electroacoustic transducer 8§02, 804 may audibly output the audio content.
The wireless transceiver circuit 408 may receive audio content from one or more streaming
audio content servers 204 that are connected to the Internet 202.

In various implementations, the capacitive touch user interface 420 comprises a
plurality of user control icons 302-316 etched in the wooden exterior surface 102, and a
plurality of capacitive sense electrodes 502 located under the wooden exterior surface 102,
There may be at least one capacitive sense electrade 502 for each one of the plurality of user
control icons 302-316. The plurality of user control icons may comprise, for example, a
volume control 302 to control the volume of the sound output by the loudspeaker 100 and an
on/off control 316 for the Toudspeaker 100. There may be a plurality of side-by-side
capacitive sense electrodes associated with the volume control icon, forming a slider
capacitive sensor. The loudspeaker 100 may also include a next stream control 308 that,
when activated by the user, causes the wireless transceiver circuit 408 to switch from
receiving streaming audio from a first streaming audio content server to receiving streaming
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andio from a second streaming audio content serer. Addresses for the first and second
streaming audio content scrvers may be stored in a memory unit 404 of the loudspeaker 100.
In addition, the loudspeaker 100 may also include a control that, when activated by the user,
causes the wireless transceiver circuit 408 to transmit an indication for a track being played
by the loudspeaker to be transmitted to a remote server system 210, 212 that is connected to
the Internet 202. The indication for the track may be an indication of approval by the user for
the track and/or the remote server system may comprise a social media website server system
212,

In another general embodiment, the loudspeaker 100 comprises the electroacoustic
transducer(s) 802, 804, for producing audible sound; the processor 402; and the capacitive
touch user interface 420 on an exterior surface 102 of the loudspeaker 100 that allows a user
to control operation of the loudspeaker 100. The capacitive touch user interface 420
comprises at least one capacitive sense electrode 520 in communication with the processor
402; the exterior surface 102 is a dielectric for the capacitive touch user interface 420; and a
plurality of user control icons 302-316 for the capacitive touch user interface 420 are fixed
(e.g., etched) on the exterior surface 102. In various implementations, the loudspeaker 100
may further comprise a plurality of light emitting diodes (LEDs) 415 located below the
exterior surface 102; and a plurality of LED pipes 321-338 for carrying light energy from the
LEDs 4135 to the exterior surface 102.

In various embodiments disclosed herein, a single component may be replaced by
multiple components and multiple components may be replaced by a single component to
perform a given function or functions. Except where such substitution would not be
operative, such substitution is within the intended scopc of the embodiments.

While various embodiments have been described herein, it should be apparent that
various modifications, alterations, and adaptations to those embodiments may occur to
persons skilled in the art with attainment of at least some of the advantages. For example, in
some instances different materials or components may be used. The disclosed embodiments
are therefore intended to include all such modifications, alterations, and adaptations without

departing from the scope of the embodiments as set forth herein.
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CLAIMS
What is claimed is;

1. A loudspeaker (100) comprising:

at least one electroacoustic transducer (412) for producing audible sound:

a processor (402} in communication with the af least one elecimacous;ic transducer (412);
a wooden' exterior surféce (102);

a circult board {504) having an upper surface adjacent 1o and facing a [ower surface of the
wooden exterlor surface (102); and

atleast one capacitive sense electrode {502) on the uppar surface of the circuit board (504}
such that the at least one capacitive sense electrode (502) Is between the gircuit board
(504) and the wooden exterior surface (102}, wherein:

the at least one capsgitivé sense eleclrode (502) forms part of a capacitive touch user
interface (420) for the loudspeaker (100) that is adapted to allow a user of the loudspeaker
(100) to control operation of the loudspeaker (100);

the at least one capaclitive sense elsclrode (502) is in communlcation with the processor
(402); and

the wooden extearior surface (102) Is a dislectric for said capacilive toudh user interfaca
(420).

2. The loudspeaker {100} of claim 1, wherein the wooden exterior suface {102) that
comprises the capacitive touch user Interface (420) is a top wooden suiface of the loudspeaker

{100).

3. The loudspeakar (100) of claim 1, further comprising a wireless transceiver cirouit (408)
in communication with the processor (402}, wherein the wireless transceiver circuit (408) is for
receiving and transmitting wireless communication signals via a wireless network {201),
wherein:’
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the wireless Iransceiver circuit (408) Is for receiving wirelessly audio content for playing by the
. loudspeaker (100) via ths wireless network (201):

the pracessor (402) is for processing the audio content; and
the at least one efectroacoustic transducer (412} Is for audibly outpuiting the audio content.

4, The loudspeaker,(100) of claim 3, wherein the wireless transceiver circutt {(408) is for
receiving audio content from one of more streaming audio content servers (204) that are

- connected to the Internef (202),

5. The loudspeaker (100) of daim 4, wherein the wireless network {201) comprises a WiFi

wireless network (201)..

6. The loudspeaker (100) of claim 4, wherein the capacitive touch user interface (420)
comprises:

a plurality of user conirol icons (362-316) etched in the wooden exterlor surface {102), wherein
there is an icon for each user controk and

‘a plurdlity of capacitive sense electrodes (502) on the upper surface of the cireuit board (504)

such that the plurality of capacitive sense electrodes (502) are between the circuit board
(504) and the wooden exterior surface (102), wherein each of the plurality of capacitive
senss electrodes (502)is in communication with the processor {402}, and wherein there is
at least-one capacitive sense elecirode (502) for erch nna af the plurality of user eontrol
icons (302-316).

7 The loudspeaker {100) of claim 4, whereln the plurality of user control icons (302-316)

'comprises:

e volume control (302) to control the volume of the sound output by the loudspeaker (100); and
an onfoff control (316) for the loudspeaker (100).

a. The loudspeaker (100) of claim 4, further comprising a memory unit (404) in
communication with the processor (402). '

8, The loudspeaker (100) of claim 8, wherein the plurality of user contro! icons (302-316)
further comprises a next stream conirol {(308) that, when activated by the user, causes the -
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wireless transceiver circuit (408) to switch from receiving streaming audio from a first sireaming
audio content servar (204) to receiving streaming audlo from a égcond streaming audio content
server (204),

wherein addresses for the first and second streaming audio content servers (204) are stored in
the mermory unit (404),

0. The loudspeaker (100) of claim 8, wherein the plurality of user confrol icons (302-316)
further comprises at least one user controf (304, 306) that, when activated by the user, causes
the wireless transcelver circuit (408) to transmit an indication for a track being played by the
loudspeaker (100) to be transmitted to a remote server system (210) that is connected lo the
Internet (202).

11.  The loudspeaker (10D) of clafm 10, wharein the indication for the track transmitted to the
remaole server system (210) is an indication of approval by the user for the track,

12. The loudspeaker (100) of claim 10, whereln the remote server system {210) comprisesa .
soclal media webslte server system (212).

13.  Theloudspeaker (100) of claim 7, wherein the plurality of capaciiive sensé glectrodes
(502) comprises a plurality of side-by-side capacitive sense electrodes (502) associated with the

 voitme control (302} leon, the plurality of slte-by-side capacitive sense electrodes (502) forming
a stider capacitlve sensor (502).

4. The loudspeaker (100) of clalm &, wherein the plurality of capacmve sense electrodes
{502) comprise one or interdigitated slectrodes.

15.  Theloudspeaker (100) of claim 1, further comprising:
a plurality of light emitting dicdes (LEDs) located below the wooden exterior surface (102); and

a plurality of LED plpes (321-338) for carrying light enargy from the LEDs to the wooden exterior
surface (102).

16. The Joudspeaker (100) of claim 15, Turther compriaing & wireless transceiver circuit (408)
in cormmunication with the processor (402), wherein the wireless {ransceiver circuit (408} is for
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receiving and transmitting wireless communication signals via a wireless network (201),

wherein:

the wireless fransceiver circuit (408) is for receiving wirelessly audio content for playing by the
loudspeaker (100) via the wirsless network (201);

the processor (402) is for processing the audlo centent; and
the at least one electroacoustic transducer (412) is for audibly outputting the audio content.

17. The Ioudépeaker (100) of claim 16, wherein the wireless transceiver circuit (408) is for
recejving audio content from one or more streaming audio content servers (204) that are
connected to the Internet (202).
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