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APPARATUS AND METHOD FOR PROVIDING A FREQUENCY RESPONSE
FOR AUDIO SIGNALS

CLAIM OF PRIORITY

[0001] The present application claims priority from U.S. Provisional Application No.
61/843,276, filed July 5, 2013, which is entitled “APPARATUS AND METHOD FOR
PROVIDING A FREQUENCY RESPONSE FOR AUDIO SIGNALS” and from U.S.
Non-Provisional Application No. 14/132,928, filed December 18, 2013, which is
entitled “APPARATUS AND METHOD FOR PROVIDING A FREQUENCY
RESPONSE FOR AUDIO SIGNALS,” the contents of which are incorporated by

reference in their entirety.
FIELD

[0002] The present disclosure is generally related to providing a frequency response for

audio signals.

DESCRIPTION OF RELATED ART

[0003] Advances in technology have resulted in smaller and more powerful computing
devices. For example, there currently exist a variety of portable personal computing
devices, including wireless computing devices, such as portable wireless telephones,
personal digital assistants (PDAs), and paging devices that are small, lightweight, and
casily carried by users. More specifically, portable wireless telephones, such as cellular
telephones and Internet protocol (IP) telephones, can communicate voice and data
packets over wireless networks. Further, many such wireless telephones include other
types of devices that are incorporated therein. For example, a wireless telephone can
also include a digital still camera, a digital video camera, a digital recorder, and an
audio file player. Also, such wireless telephones can process executable instructions,
including software applications, such as a web browser application, that can be used to
access the Internet. As such, these wireless telephones can include significant

computing capabilities.



WO 2015/002731 PCT/US2014/042678

_2_

[0004] Sound reproduction capabilities for portable computing devices may be limited.
For example, wireless telephones may support audio signal reproduction for audio
signals within a narrow acoustic frequency range. However, there is increasing demand
to support audio signal reproduction for a wider range of acoustic frequencies. To
illustrate, there is demand for wireless telephones to support audio signals within a
Super Wideband frequency range (e.g., from approximately 50 hertz (Hz) to
approximately 14 kilohertz (kHz)) and/or Ultrasound signals (e.g., signals ranging from
approximately 20 kHz to above 60 kHz). Conventional earpieces of wireless telephones
are not able to provide high fidelity frequency response for each audio signal within the
Super Wideband frequency range or for Ultrasound signals. For example, transducers
designed for low frequency response may require a large radiation surface (e.g.,
diaphragm) to provide air pumping capacity at low frequencies. However, high
frequency signals may cause the diaphragm to vibrate, resulting in an irregular
frequency response. Further, the response of elements in a conventional transducer may
change due to environmental factors which may limit a range of detection for
applications using higher frequency signals (e.g., Ultrasound signals). For example,
changes in temperature may cause the diaphragm of a traditional transducer to stiffen,

limiting the transducer response to high frequency signals.
SUMMARY

[0005] A method and an apparatus are disclosed for providing a frequency response for
audio signals within a Super Wideband frequency range, a frequency response for
Ultrasound signals, or both. An audio signal may include high frequency components
within an upper frequency band of the Super Wideband frequency range and low
frequency components within a lower frequency band of the Super Wideband frequency
range. Filters (e.g., high-pass filters and low-pass filters) may separate the high
frequency components and the low frequency components. The low frequency
components may be amplified and provided to a coil of a moving mass transducer, and
the high frequency components of the audio signals may be amplified and provided to a
surface (e.g., a piezoelectric element) of the moving mass transducer. For example, the
high frequency components of the audio signals may separately drive the piezoelectric

element. In response to an interaction of a magnetic field of the coil with a magnetic
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field of a magnet, the surface may move in a first manner (e.g., a moving mass that
includes the piezoelectric element may translate or displace) to provide a frequency
response for low frequency signals. Further, separately driving the piezoelectric
element with amplified high frequency components of the audio signal may cause the
piezoelectric element to move in a second manner (e.g., vibrate or fluctuate in shape) to

provide a frequency response for high frequency signals.

[0006] In a particular embodiment, an apparatus includes a moving mass transducer.
The moving mass transducer generates sound by displacement of a surface defined by a
piezoelectric element. The piezoelectric element is displaced in response to an
interaction of a first signal with a magnetic field. The piezoelectric element is

configured to be separately driven by a second signal.

[0007] In another particular embodiment, a method includes driving a coil of a moving
mass transducer with a first signal. The moving mass transducer generates sound by
displacement of a surface defined by a piezoelectric element. The piezoelectric element
is displaced in response to an interaction of the first signal with a magnetic field. The

method further includes driving the piezoelectric element with a second signal.

[0008] In another particular embodiment, an apparatus includes means for driving a coil
of a moving mass transducer with a first signal. The moving mass transducer generates
sound by displacement of a surface defined by a piezoelectric element. The
piezoelectric element is displaced in response to an interaction of the first signal with a
magnetic field. The apparatus further includes means for driving the piezoelectric

element with a second signal.

[0009] In another particular embodiment, a non-transitory computer readable medium
includes instructions that, when executed by a processor, cause the processor to generate
a first signal that drives a coil of a moving mass transducer. The moving mass
transducer generates sound by displacement of a surface defined by a piezoelectric
element. The piezoelectric element is displaced in response to an interaction of the first
signal with a magnetic field. The instructions are also executable to cause the processor

to generate a second signal that drives the piezoelectric element.
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One particular advantage provided by at least one of the disclosed embodiments
is an ability to provide a frequency response for audio signals within a Super Wideband
frequency range (e.g., from approximately 50 hertz (Hz) to approximately 14 kilohertz
(kHz)) using a relatively small audio reproduction system. Other aspects, advantages,
and features of the present disclosure will become apparent after review of the entire
application, including the following sections: Brief Description of the Drawings,

Detailed Description, and the Claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a particular illustrative embodiment of a system that
is operable to provide a frequency response for audio signals within a particular

frequency range;

FIG. 2 is a diagram of a particular embodiment of a moving mass transducer of

the system of FIG. 1;

FIG. 3 is a flowchart of a particular embodiment of a method of providing a

frequency response for audio signals within a particular frequency range; and

FIG. 4 is a block diagram of a wireless device including components that are
operable to provide a frequency response for audio signals within a particular frequency

range.

DETAILED DESCRIPTION

Referring to FIG. 1, a particular illustrative embodiment of a system 100 that is
operable to provide a frequency response for audio signals within a particular frequency
range is shown. For example, the system 100 may be configurable to provide a
frequency response for audio signals within a Super Wideband frequency range (e.g.,
from approximately 50 hertz (Hz) to approximately 14 kilohertz (kHz)) and/or an
Ultrasound frequency range (e.g., over 20 kHz). The system 100 may include an audio
encoder/decoder (CODEC) 102, a low pass filter 104, a high pass filter 106, a first
amplifier 108, a second amplifier 110, and a moving mass transducer 112. The moving
mass transducer 112 may include a coil 114 and a piezoelectric element 116 coupled to

the coil 114 as part of a moving mass of the moving mass transducer 112.
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[0016] The audio CODEC 102 may be configured to output an audio signal 120. For
example, the audio CODEC 102 may include a digital-to-analog converter and may
decode a digital audio signal to generate the audio signal 120 (e.g., an analog audio
signal). In a particular embodiment, the audio signal 120 may have frequency
components within the Super Wideband frequency range. For example, the audio signal
120 may have high frequency components ranging approximately from 1 kHz to 14
kHz, and the audio signal 120 may have low frequency components ranging
approximately from 50 Hz to 1 kHz. The audio signal 120 may be provided to the low
pass filter 104 and to the high pass filter 106.

[0017] The low pass filter 104 may be configured to receive the audio signal 120 and to
generate a first driving signal 122 (e.g., a low frequency driving signal) by removing
high frequency components of the audio signal 120. For example, the low pass filter
104 may provide low frequency components (¢.g., components having a frequency
below 1 kHz) of the audio signal 120 to the first amplifier 108, and the low pass filter
104 may block high frequency components of the audio signal 120 (e.g., reduce an
amount of high frequency components of the audio signal 120 that are provided to the
first amplifier 108). The high pass filter 106 may also be configured to receive the
audio signal 120. The high pass filter 106 may be configured to generate a second
driving signal 124 (e.g., a high frequency driving signal) by removing the low frequency
components of the audio signal 120. For example, the high pass filter 106 may provide
high frequency components (e.g., components having a frequency above 1 kHz) of the
audio signal 120 to the second amplifier 110, and the high pass filter 106 may block low
frequency components of the audio signal 120 (e.g., reduce an amount of low frequency
components of the audio signal 120 that are provided to the second amplifier 110).
Although, the “cut-off” frequencies of the low pass filter 104 and the high pass filter
106 are described with respect to a frequency of approximately 1 kHz, different
frequencies may be used to improve the performance of the system 100. In a particular
embodiment, the low pass filter 104 and the high pass filter 106 may have different
“cut-off” frequencies. As a non-limiting example, the low pass filter 104 may block
components of the audio signal 120 having a frequency above 1.3 kHz, and the high
pass filter 106 may block components of the audio signal 120 having a frequency below

1.4 kHz.
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The first amplifier 108 may be configured to receive the first driving signal 122
(e.g., the low frequency components of the audio signal 120) and to amplify the first
driving signal 122 to generate a first signal 132 (e.g., an amplified first driving signal).
The first amplifier 108 may provide the first signal 132 to the coil 114 of the moving
mass transducer 112. In a particular embodiment, the first signal 132 may have a
frequency within a first frequency band. The first frequency band may range from

approximately 50 Hz to 1 kHz.

The second amplifier 110 may be configured to receive the second driving signal
124 (e.g., the high frequency components of the audio signal 120) and to amplify the
second driving signal 124 to generate a second signal 134 (e.g., an amplified second
driving signal). The second amplifier 110 may provide second signal 134 to the
piezoelectric element 116 of the moving mass transducer 112. In a particular
embodiment, the second signals 134 may have a frequency within a second frequency
band. In a particular embodiment, the second frequency band may range from
approximately 1 kHz to 15 kHz. In another particular embodiment, the second
frequency band may range from approximately 1 kHz to 60 kHz to cover Ultrasound

signals.

The coil 114 may be coupled to the first amplifier 108 to receive the first signal
132. In response to receiving the first signal 132, the coil 114 may produce a magnetic
field which may interact with a magnetic field of a magnet (not shown) of the moving
mass transducer 112, as described in further detail with respect to FIG. 2. The
interaction of the magnetic fields may cause a moving mass of the moving mass
transducer 112 to be translated. The moving mass of the moving mass transducer 112
may include a surface and the coil 114. For example, the moving mass transducer 112
may generate sound by displacement of the surface. The displacement of the surface
may be partially associated with the translation of the moving mass. The surface may
be defined by the piezoelectric element 116. In a particular embodiment, the surface of
the moving mass, and thus the surface of the moving mass transducer 112, may be
exclusively consist of the piezoelectric element 116. As described herein, the “surface”

and the “piezoelectric element 116” may be used interchangeably.



WO 2015/002731 PCT/US2014/042678
7

[0021] The piezoelectric element 116 may be displaced in response to an interaction of
the first signal 132 with a magnetic field. For example, the coil 114 may generate a
magnetic field in response to the first signal 132 and a magnet within the moving mass
transducer may generate another magnetic field. The interaction of the magnetic field
generated by the coil 114 and the magnetic field generated by the magnet may cause the
piezoelectric element 116 to translate. Thus, the piezoelectric element 116 may move in
a first manner in response to the first signal 132. The translations of the piezoelectric
element 116 may produce low frequency sounds waves (e.g., a low frequency response

to the first signal 132).

[0022] The piezoelectric element 116 may be configured to be separately driven by the
second signal 134. The piezoelectric element 116 may include, or be formed of, a
piezoelectric material that exhibits the piezoelectric effect. That is, in response to an
electric field, the piezoelectric material may change shape or external dimensions. In a
particular embodiment, the piezoelectric material may include Berlinite, Quartz, Topaz,
Barium Titanate, or any combination thereof. The second signal 134 may cause the
piezoelectric material to exhibit the piezoelectric effect, causing the piezoelectric
element 116 to move in a second manner. For example, separately driving the
piezoelectric element 116 with the second signal 134 may cause a fluctuation in shape
of the piezoelectric element 116. The displacement of the surface may be partially
associated with the fluctuation in shape of the piezoelectric element 116. As the shape
of the piezoelectric element 116 fluctuates, high frequency sound waves (e.g., a high

frequency response to the second signal 134) may be produced.

[0023] The system 100 may generate sound waves over a Super Wideband frequency
range by using a two-amplifier configuration to drive frequency components within an
upper frequency band with the piezoelectric element 116 and to drive frequency
components within a lower frequency band with the coil 114. For example, the system
100 may convert the high frequency components of the audio signal 120 into high
frequency sound waves by changing the shape of the piezoelectric element 116. The
system 100 may also covert the low frequency components of the audio signal 120 into
low frequency sound waves by causing the piezoelectric element 116 operate as a

moving mass (€.g., translate) in response to interactions of magnetic fields generated by
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the magnet and the coil 114. The sound waves produced by the piezoelectric element
116 may propagate through an acoustic port. For example, in a particular embodiment,
the moving mass transducer 112 may be integrated into a handheld audio device (e.g., a
portable telephone) having a glass housing with an acoustic port. For example, the
acoustic port may be positioned over the moving mass transducer 112, and the audio
CODEC 102 may be coupled to a processor of the handheld audio device as described
with respect to FIG. 4. The sound waves produced by the moving mass transducer 112

may provide a frequency response for the audio signal 120.

[0024] Referring to FIG. 2, a diagram of a particular embodiment of the moving mass
transducer 112 is shown. The moving mass transducer 112 may be coupled to a housing

of a portable computing device (not shown) having an acoustic port.

[0025] The moving mass transducer 112 may include a magnet 202, the coil 114, and
the piezoelectric element 116 (e.g., the surface). The coil 114 may be configured to
receive the first signal 132 of FIG. 1. In response to receiving the first signal 132, the
coil 114 may produce a magnetic field that interacts with a magnetic field of the magnet
202. In a particular embodiment, the magnet 202 may be a stationary magnet (e.g.,
substantially restricted from movement) and the force generated by the interaction of the
magnetic fields may cause the piezoelectric element 116 and the coil 114 to operate as a
moving mass and move in a first manner. For example, the interaction of the magnetic
fields may cause the piezoelectric element 116 and the coil 114 to translate or displace
(as illustrated by translation direction 210 in FIG. 2). The translations of the
piezoelectric element 116 and the coil 114 may produce low frequency sounds waves
(e.g., a low frequency response to the first signal 132). The piezoelectric element 116
may be coupled to the coil 114 and suspended from sides of the moving mass transducer
112. Suspending the piezoelectric element 116 from sides of the moving mass
transducer 112 may allow the piezoelectric element 116 to move (e.g., translate) in
response to the first signal 132. For example, the piczoelectric element 116 may operate
as a moving mass (¢.g., translate in the translation direction 210) in response to the force

generated by the interaction of the magnetic fields.

[0026] The piezoelectric element 116 may also be configured to be separately driven by
the second signal 134 of FIG. 1 to produce vibrations 220. For example, separately
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driving the piezoelectric element with the second signal 134 may cause a fluctuation in
shape of the piezoelectric element 116. As the shape of the piezoelectric element 116
fluctuates, high frequency sound waves (e.g., a high frequency response to the second

signal 134) may be produced.

Thus, the moving mass transducer 112 is able to generate sound waves (e.g.,
generate a frequency response) for low frequency signals and high frequency signals.
For example, the piezoelectric element 116 may operate as a moving mass to produce
low frequency sound waves by translating 210 in response to interactions of the
magnetic fields generated by the magnet 202 and the coil 114. The low frequency
sound waves may provide a frequency response to signals within a lower frequency
band of the Super Wideband frequency range. In addition, by separately driving the
piezoelectric element 116 with the second signal 134 of FIG. 1, the piezoelectric
element 116 may produce high frequency sound waves by vibration 220. The high
frequency sound waves may provide a frequency response to signals within a high
frequency band of the Super Wideband frequency range. In addition, the high

frequency sound waves may provide a frequency response to Ultrasound signals.

Referring to FIG. 3, a particular embodiment of a method 300 of providing a
frequency response for audio signals within an extended frequency range is shown. The

method 300 may be performed by the system 100 of FIG. 1.

The method 300 includes receiving an audio signal, at 302. For example, in
FIG. 1, the low pass filter 104 may receive the audio signal 120 from the audio CODEC
102 and the high pass filter 106 may also receive the audio signal 120 from the audio
CODEC 102.

A first signal within a first frequency band may be generated, at 304. For
example, in FIG. 1, the low pass filter 104 may pass low frequency components (e.g.,
components having a frequency below 1 kHz) of the audio signal 120 and filter (e.g.,
block or substantially reduce) high frequency components of the audio signal 120 to
generate the first driving signal 122. The first driving signal 122 may be amplified by
the first amplifier 108 to generate the first signal 132.
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A second signal within a second frequency band may be generated, at 306. For
example, in FIG. 1, the high pass filter 106 may pass high frequency components (e.g.,
components having a frequency above 1 kHz) of the audio signal 120 and filter (e.g.,
block or substantially reduce) low frequency components of the audio signal 120 to
generate the second driving signal 124. The second driving signal 124 may be
amplified by the second amplifier 110 to generate the second signal 134. The second
frequency band may be higher than the first frequency band. For example, in a
particular embodiment, the second frequency band may range from approximately from
1 kHz to 14 kHz and the first frequency band may range from approximately 50 Hz to 1
kHz.

A coil of a moving mass transducer may be driven with the first signal, at 308.
For example, in FIG. 1, the coil 114 may be coupled to receive the first signal 132. In
response to receiving the first signal 132, the coil 114 may generate a magnetic field,
which may interact with the magnetic field of the magnet 202 of FIG. 2. The interaction
of the magnetic fields causes the piezoelectric element 116 (e.g., the surface) to displace
(c.g., translate in the translation direction 210). In a particular embodiment, the surface
may be defined by the piezoelectric element 116. For example, the surface may be
exclusively comprised of the piezoelectric element 116. The translations of the
piezoelectric element 116 may produce low frequency sounds waves (e.g., a low

frequency response to the first signal 132).

The piezoelectric element 116 may be driven with the second signal, at 310. For
example, in FIG. 1, the piezoelectric element 116 may be separately driven by the
second signal 134. Separately driving the piezoelectric element 116 with the second
signal 134 may cause a fluctuation in shape (e.g., vibration) of the piezoelectric element
116. As the shape of the piczoelectric element 116 fluctuates, high frequency sound

waves (e.g., a high frequency response to the second signal 134) may be produced.

In a particular embodiment, the method 300 includes amplifying the low
frequency components of the audio signal before driving coil. For example, the first
amplifier 108 may receive the first driving signal 122 (e.g., the low frequency
components of the audio signal 120) and amplify the first driving signal 122 to generate

the first signal 132 (e.g., an amplified first driving signal). In a particular embodiment,
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the method 300 includes amplifying the high frequency components of the audio signal
before driving the piezoelectric element. For example, the second amplifier 110 may
receive the second driving signal 124 (e.g., the high frequency components of the audio
signal 120) and amplify the second driving signal 124 to generate a second signal 134

(e.g., an amplified second driving signal).

The method 300 may generate sound waves over a Super Wideband frequency
range by using a two-amplifier configuration to drive frequency components within an
upper frequency band with the piezoelectric element 116 and to drive frequency
components within a lower frequency band with the coil 114. For example, the method
300 may convert the high frequency components of the audio signal 120 into high
frequency sound waves by changing the shape of the piezoelectric element 116. The
method 300 may covert the low frequency components of the audio signal 120 into low
frequency sound waves by causing the piezoelectric element 116 to operate as a moving
mass (e.g., translate) in response to the interaction of the magnetic fields generated by

the magnet and the coil 114.

Referring to FIG. 4, a block diagram of a wireless device 400 including
components that are operable to provide a frequency response for audio signals within a
particular frequency range is shown. The device 400 includes a processor 410, such as a

digital signal processor (DSP), coupled to a memory 432.

FIG. 4 also shows a display controller 426 that is coupled to the processor 410
and to a display 428. A camera controller 490 may be coupled to the processor 410 and
to a camera 492. The device 400 may include the system 100 of FIG. 1. For example,
the wireless device 400 includes the audio CODEC 102 of FIG. 1 coupled to the
processor 410. The wireless device 400 also includes the low pass filter 104 of FIG. 1,
the high pass filter 106 of FIG. 1, the first amplifier 108 of FIG. 1, the second amplifier
110 of FIG. 1, and the moving mass transducer 112 of FIG. 1. The moving mass
transducer 112 may include the coil 114 coupled to receive the first signal of FIG. 1 and
the piezoelectric element 116 configured to be separately driven by the second signal of
FIG. 1. Thus, the moving mass transducer 112 may generate sound waves responsive to

signals provided to the CODEC 102 by the processor 410. The signals may include
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voice call signals, streaming media signals received via an antenna 442, audio file

playback signals, etc.

[0038] The memory 432 may be a tangible non-transitory processor-readable storage
medium that includes instructions 458. The instructions 458 may be executed by a
processor, such as the processor 410 or the components thereof, to perform the method
300 of FIG. 3. FIG. 4 also indicates that a wireless controller 440 can be coupled to the
processor 410 and to the antenna 442 via a radio frequency (RF) interface 480. In a
particular embodiment, the processor 410, the display controller 426, the memory 432,
the CODEC 408, and the wireless controller 440 are included in a system-in-package or
system-on-chip device 422. In a particular embodiment, an input device 430 and a
power supply 444 are coupled to the system-on-chip device 422. Moreover, in a
particular embodiment, as illustrated in FIG. 4, the display 428, the input device 430, a
microphone 418, the antenna 442, the low pass filter 104, the high pass filter 106, the
first amplifier 108, the second amplifier 110, the moving mass transducer 112, the
piezoelectric element 116, the coil 114, the RF interface 480, and the power supply 444
are external to the system-on-chip device 422. However, each of the display 428, the
input device 430, the microphone 418, the antenna 442, the low pass filter 104, the high
pass filter 106, the first amplifier 108, the second amplifier 110, the moving mass
transducer 112, the piezoelectric element 116, the coil 114, the RF interface 480, and
the power supply 444 can be coupled to a component of the system-on-chip device 422,

such as an interface or a controller.

[0039] In conjunction with the described embodiments, an apparatus is disclosed that
includes means for driving a coil of a moving mass transducer with a first signal. The
moving mass transducer generates sound by displacement of a surface defined by a
piezoelectric element. The piezoelectric element is displaced in response to an
interaction of the first signal with a magnetic field. The means for driving the coil may
include the CODEC 102, the low pass filter 104 of FIG. 1, the first amplifier 108 of
FIG. 1, the processor 410 programmed to execute the instructions 458 of FIG. 4, one or

more other devices, circuits, or modules to drive the coil, or any combination thereof.

[0040] The apparatus may also include means for driving the piezoelectric element with

a second signal. For example, the means for driving the piezoelectric element may
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include the CODEC 102 of FIG. 1, the high pass filter 106 of FIG. 1, the second
amplifier 110 of FIG. 1, the processor 410 programmed to execute the instructions 458
of FIG. 4, one or more other devices, circuits, or modules to generate the second signal,

or any combination thereof.

[0041] Those of skill would further appreciate that the various illustrative logical
blocks, configurations, modules, circuits, and algorithm steps described in connection
with the embodiments disclosed herein may be implemented as electronic hardware,
computer software executed by a processor, or combinations of both. Various
illustrative components, blocks, configurations, modules, circuits, and steps have been
described above generally in terms of their functionality. Whether such functionality is
implemented as hardware or processor executable instructions depends upon the
particular application and design constraints imposed on the overall system. Skilled
artisans may implement the described functionality in varying ways for each particular
application, but such implementation decisions should not be interpreted as causing a

departure from the scope of the present disclosure.

[0042] The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two. A software module
may reside in random access memory (RAM), flash memory, read-only memory
(ROM), programmable read-only memory (PROM), erasable programmable read-only
memory (EPROM), electrically erasable programmable read-only memory (EEPROM),
registers, hard disk, a removable disk, a compact disc read-only memory (CD-ROM), or
any other form of non-transient storage medium known in the art. An exemplary
storage medium is coupled to the processor such that the processor can read information
from, and write information to, the storage medium. In the alternative, the storage
medium may be integral to the processor. The processor and the storage medium may
reside in an application-specific integrated circuit (ASIC). The ASIC may reside in a
computing device or a user terminal. In the alternative, the processor and the storage

medium may reside as discrete components in a computing device or user terminal.

[0043] The previous description of the disclosed embodiments is provided to enable a

person skilled in the art to make or use the disclosed embodiments. Various
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modifications to these embodiments will be readily apparent to those skilled in the art,
and the principles defined herein may be applied to other embodiments without
departing from the scope of the disclosure. Thus, the present disclosure is not intended
to be limited to the embodiments shown herein but is to be accorded the widest scope
possible consistent with the principles and novel features as defined by the following

claims.
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WHAT IS CLAIMED IS:

1. An apparatus comprising:

a moving mass transducer, wherein the moving mass transducer generates sound
by displacement of a surface defined by a piczoelectric element, wherein
the piezoelectric element is displaced in response to an interaction of a
first signal with a magnetic field, and wherein the piezoelectric element

is configured to be separately driven by a second signal.

2. The apparatus of claim 1, wherein the surface consists of the piezoelectric

element.

3. The apparatus of claim 2, wherein a moving mass of the moving mass

transducer comprises the surface and a coil coupled to receive the first signal.

4. The apparatus of claim 3, wherein the coil generates a magnetic field in
response to the first signal, and wherein an interaction of the magnetic field of the coil

and a magnetic field of a magnet causes translation of the surface.

5. The apparatus of claim 4, wherein the displacement of the surface is at least

partially associated with the translation.

6. The apparatus of claim 4, wherein the moving mass is suspended over the

magnet.

7. The apparatus of claim 2, wherein separately driving the surface via the

second signal causes a shape of the surface to fluctuate.

8. The apparatus of claim 7, wherein the displacement of the surface is at least

partially associated with the fluctuation.

9. The apparatus of claim 1, wherein the first signal has a first frequency

between approximately fifty hertz (Hz) and one kilohertz (kHz).
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10. The apparatus of claim 1, wherein the second signal has a second frequency

between approximately one kilohertz (kHz) and sixty kilohertz (kHz).

11. The apparatus of claim 1, further comprising:

a low pass filter configured to pass low frequency components of an audio signal
to generate a low frequency driving signal; and

a first amplifier configured to amplify the low frequency driving signal, wherein

the first signal corresponds to the amplified low frequency driving signal.

12. The apparatus of claim 11, further comprising:

a high pass filter configured to pass high frequency components of the audio
signal to generate a high frequency driving signal; and

a second amplifier configured to amplify the high frequency driving signal,
wherein the second signal corresponds to the amplified high frequency

driving signal.

13. The apparatus of claim 1, wherein the moving mass transducer is integrated

into a handheld audio device.

14. The apparatus of claim 13, wherein the handheld audio device includes a

wireless communication device.

15. A method comprising:

driving a coil of a moving mass transducer with a first signal, wherein the
moving mass transducer generates sound by displacement of a surface
defined by a piezoelectric element, and wherein the piezoelectric element
is displaced in response to an interaction of the first signal with a
magnetic field; and

driving the piezoelectric element with a second signal.

16. The method of claim 15, wherein the surface consists of the piezoelectric

element.
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17. The method of claim 16, wherein a moving mass of the moving mass

transducer comprises the surface and the coil.

18. The method of claim 17, wherein the coil generates a magnetic field in
response to the first signal, and wherein an interaction of the magnetic field of the coil

and a magnetic field of a magnet causes translation of the surface.

19. The method of claim 18, wherein the displacement of the surface is at least

partially associated with the translation.

20. The method of claim 16, wherein driving the piezoelectric element with the

second signal causes a shape of the surface to fluctuate.

21. The method of claim 20, wherein the displacement of the surface is at least

partially associated with the fluctuation.

22. The method of claim 15, further comprising;:

generating the first signal, wherein the first signal is generated by passing low
frequency components of an audio signal and filtering high frequency
components of the audio signal; and

generating the second signal, wherein the second signal is generated by passing
high frequency components of the audio signal and filtering low

frequency components of the audio signal.

23. The method of claim 15, wherein the first signal has a first frequency

between approximately fifty hertz (Hz) and one kilohertz (kHz).

24. The method of claim 15, wherein the second signal has a second frequency

between approximately one kilohertz (kHz) and sixty kilohertz (kHz).
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25. An apparatus comprising:

means for driving a coil of a moving mass transducer with a first signal, wherein
the moving mass transducer generates sound by displacement of a
surface defined by a piezoelectric element, and wherein the piezoelectric
element is displaced in response to an interaction of the first signal with a
magnetic field; and

means for driving the piezoelectric element with a second signal.

26. The apparatus of claim 25, wherein the surface consists of the piezoelectric

element.

27. The apparatus of claim 26, wherein a moving mass of the moving mass

transducer comprises the surface and the coil.

28. The apparatus of claim 27, wherein the coil generates a magnetic field in
response to the first signal, and wherein an interaction of the magnetic field of the coil

and a magnetic field of a magnet causes translation of the surface.

29. The apparatus of claim 25, wherein the means for driving the piezoelectric

element causes a shape of the surface to fluctuate.

30. A non-transitory computer readable medium comprising instructions that,
when executed by a processor, cause the processor to:
generate a first signal that drives a coil of a moving mass transducer, wherein the
moving mass transducer generates sound by displacement of a surface
defined by a piezoelectric element, and wherein the piezoelectric element
is displaced in response to an interaction of the first signal with a
magnetic field; and

generate a second signal that drives the piezoelectric element.
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300

f302

Receive an audio signal

l f304

Generate a first signal, where the first signal is
generated by passing low frequency components
of the audio signal and filtering high frequency
components of the audio signal

l f306

Generate a second signal, where the second
signal is generated by passing high frequency
components of the audio signal and filtering low
frequency components of the audio signal

l f308

Drive a coil of a moving mass transducer with the
first signal, where the moving mass transducer
generates sound by displacement of a surface

defined by a piezoelectric element, and where the

piezoelectric element is displaced in response to an
interaction of the first signal with a magnetic field

l KB’IO

Drive the piezoelectric element with the second signal

FIG. 3



PCT/US2014/042678

WO 2015/002731

4/4

owv//

aoeua|
44

vam

Alddng Jeamod auoydouoip
ppp- gLy~

ssed

Jajjo5uo) Z

SS9laIIM c@@._ pu
a0} oLl

ovy- 03000
J8yi4
ssed QEF<
MO IS

z01- 501 801
Jgjjonuo) eloWen
suolnonJsu| eiswed
7 067~ 260~
8Gv
Alows|\ J0SS820.1d Lw_%mﬁmo
zev-’ oLy~ ozy~
A
(e01n8p Bsnow (usalosyono)
“B6-9) 8o1naq Indu| “B-9) AejdsIq

ocy-’

ezy -

v "OId

(0[0)7



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/042678

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4R23/02
ADD. HO4RL/24 HO4R17/00

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

HO4R

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

31 October 2012 (2012-10-31)

figure 1
paragraph [0046]; figure 7

[DE]) 7 May 1997 (1997-05-07)

figure 2

abstract
figures

X EP 2 519 031 AL (NEC CORP [JP])

paragraph [0023] - paragraph [0027];

column 6, Tine 58 - column 7, line 14;

X JP S62 221300 A (MITSUBISHI ELECTRIC CORP)
29 September 1987 (1987-09-29)

1-5,
7-10,
13-21,
23-30

X EP O 772 373 A2 (NOKIA TECHNOLOGY GMBH 1,6

1,11,12,
22

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

1 September 2014

Date of mailing of the international search report

11/09/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Gastaldi, Giuseppe

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2014/042678
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 2519031 Al 31-10-2012 CN 102687532 A 19-09-2012
EP 2519031 Al 31-10-2012
US 2012257772 Al 11-10-2012
WO 2011077683 Al 30-06-2011
EP 0772373 A2 07-05-1997 DE 19541197 Al 07-05-1997
EP 0772373 A2 07-05-1997
JP HO9215089 A 15-08-1997
JP 562221300 A 29-09-1987  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - wo-search-report
	Page 25 - wo-search-report

