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(57) Abstract: A signal generator generates an electrical signal that is sent to an amplifier, which increases the power of the signal
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WIRELESS POWER TRANSFER

BACKGROUND

[1] Devices that require energy to operate can be plugged into a power source using a

wire. This can restrict the movement of the device and limit its operation to within a certain

maximum distance from the power source. Even most battery-powered devices must periodically

be tethered to a power source using a cord, which can be inconvenient and restrictive.

BRIEF SUMMARY

[2] According to an embodiment of the disclosed subject matter, a system comprising at

least one first transducer adapted and configured to convert electrical energy to ultrasonic energy

in the form of ultrasonic waves. The first transducer is in communication with a first controller,

and the first controller is in communication with a first communication device.

[3] In another embodiment of the disclosed subject matter, a system comprises at least

one second transducer adapted and configured to convert ultrasonic energy in the form of

ultrasonic waves to electrical energy. The second transducer is in communication with a second

controller, and the second controller is in communication with a second communication device.

[4] Additional features, advantages, and embodiments of the disclosed subject matter

may be set forth or apparent from consideration of the following detailed description, drawings,

and claims. Moreover, it is to be understood that both the foregoing summary and the following

detailed description are exemplary and are intended to provide further explanation without

limiting the scope of the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[5] The accompanying drawings, which are included to provide a further understanding

of the disclosed subject matter, are incorporated in and constitute a part of this specification. The



drawings also illustrate embodiments of the disclosed subject matter and together with the

detailed description serve to explain the principles of embodiments of the disclosed subject

matter. No attempt is made to show structural details in more detail than may be necessary for a

fundamental understanding of the disclosed subject matter and various ways in which it may be

practiced.

[6] Figure 1 shows a system in accordance with an embodiment of the invention.

[7] Figure 2 shows a system in accordance with an embodiment of the invention.

[8] Figure 3 shows a system in accordance with an embodiment of the invention.

DETAILED DESCRIPTION

[9] Embodiments of the disclosed subject matter can convert electrical energy into

acoustic energy, which can be beamed to a device where it is converted back into electrical

energy. The converted electrical energy can be used to power the device and to charge one or

more energy storage components of the device, such as a battery, a capacitor, etc. This can

obviate the need for constant or periodic tethering to a power source using a cord. Embodiments

can transfer energy to several devices at once, in rotation or in any suitable sequence, with dwell

times of any suitable duration.

[10] Fig. 1 shows a system in accordance with the disclosed subject matter. Transmitter

101 can receive electrical energy from power source 102 (such as an electrical outlet or a battery)

as input. Signal generator 103 can generates a signal that can be amplified by amplifier 104. This

can be done under the control of controller 105. The amplified signal can be sent to sending

transducer 106, and the ultrasonic energy in the form of ultrasound waves 107 can be transmitted

through a medium such as the air. Receiver 108 can includes receiving transducer 109, which

receives ultrasonic energy in the form of ultrasonic waves and converts it to electrical energy,

which can be used to charge energy storage device 110 or power processor 111. Examples of

energy storage device 110 can include a battery, a capacitor, an induction circuit, etc. Examples

of device 105 can include a smartphone (such as an Android mobile device, an iPhone, a mobile

device having a Microsoft operating system), a portable computer (such as an Apple laptop, a



laptop having a Microsoft operating system, etc.), an electronic content reader, (such as the

Amazon Kindle, the Apple iPad, etc.) and so on. Controller 111 can control the receiving

transducer 109 and/or energy storage device 110.

[11] Controller 105 can be coupled to antenna 112 and controller 111 can be coupled to

antenna 113. As described below, the transmitter controller 105 and receiver controller 111 can

communicate through antennas 112 and 113.

[12] Sending transducer 106 can comprise a plurality of transducers arranged in an array

that can produce a focused beam of ultrasonic energy. Sending transducer 106 may include at

least one Capacitive Micro machined Ultrasonic Transducer (CMUT), a Capacitive Ultrasonic

Transducer (CUT), an electrostatic transducer or any other transducer suitable for converting

electrical energy into acoustic energy. To generate focused ultrasonic energy via a phased array,

sending transducer 106 can include a timed delay transducer or a parametric array transducer, or

a bowl-shaped transducer array. Transmitter 101 can operate for example between about 20 to

about 120 kHz for transmission of ultrasonic energy through air, and up to about 155 dB, for

example. For ultrasonic transmission through other medium, transmitter 101 can operate at

frequencies greater than or equal to 1 MHz, for example. Sending transducer 106 may have a

high electromechanical conversion, for example an efficiency of about 40%, corresponding to

about a 3dB loss.

[13] Transmitter controller 105 can cause the sending transducer 106 to emit ultrasonic

waves based on the proximity of the sending transducer 106 (or transmitter 101 in general) to

receiving transducer 109. Receiving transducer 109 can convert ultrasonic energy received from

sending transducer 106 to electrical energy. As used herein, proximity can be the actual or

effective distance between the sending transducer 106 or the like and receiving transducer 109 or

the like. Effective distance can be based on the efficiency of energy transmission between

sending transducer 106 and receiving transducer 109 based on various factors that can include,

without limitation, their relative locations; the characteristics of the conductive medium (e.g., the

air, tissue, etc.) between transmitter and receiver; the relative orientation of the transmitter and

receiver; obstructions that may exist between the transmitter and receiver; relative movement

between transmitter and receiver; etc. In some cases, a first transmitter/receiver pair may have a



higher proximity than a second transmitter/receiver pair, even though the first pair is separated

by a greater absolute distance than the second pair.

[14] Transmitter controller 105 may cause a beam of ultrasonic energy to be directed

toward receiver transducer 109. Further, transmitter controller 105 can cause sending transducer

105 to emit ultrasonic waves having at least one frequency and at least one amplitude.

Transmitter controller 105 can cause the sending transducer 106 to change the frequency and/or

amplitude of at least some of the ultrasonic waves based on the proximity and/or location of

sending transducer 106 to receiving transducer 109. Additionally, transmitter controller 105 can

cause sending transducer 105 to change the amplitude of at least some of the ultrasonic waves

based on the frequency of the ultrasonic energy emitted by sending transducer or based on

information regarding the receipt of ultrasonic energy as determined by receiving controller 111.

[15] Sending controller 105 and receiving controller 111 can communicate through

antennas 112 and 113. In this way, receiving controller can essentially control the character and

amplitude of the energy generated by sending transducer 106 by sending commands to sending

controller 105. Also, sending controller 105 can control the characteristics of sending transducer

106 based upon data and/or commands received from receiving controller 111. Likewise,

sending controller can control the characteristics of the energy sent by sending transducer 106

independently of input from receiving controller 111.

[16] Transmitter controller 105 can include a transmitter communications device (not

shown) that can send an interrogation signal to detect receiving transducer 109. The transmitter

communications device can send a control signal to a receiver communications device (not

shown) coupled to receiver controller 111. Receiver controller 111 can control receiver

transducer 109. The control signal may include the frequency and/or amplitude of the ultrasonic

energy emitted by sending transducer 106. The control signal can be used to determine the

proximity and/or orientation of sending transducer 106 to receiving transducer 109.

Additionally, the control signal may include an instruction to be executed by receiving controller

109 and may also include information about the impedance of sending transducer 106.

[17] The sender communication device can receive a control signal from the receiver

communication device, which can be in communication with receiver controller 111. The



control signal may include a desired power level, the frequency and/or amplitude of ultrasonic

energy received from the sender transducer 106. Additionally, the control signal may include the

impedance of the receiving transducer 109, a request for power, and/or an instruction to be

executed by the transmitter controller 105. The control signal may be used to determine the

proximity of the sender transducer to the receiver transducer and /or the relative orientation of

the sender transducer to the receiver transducer. Further, the control signal may also indicate a

power status. Such a power status can indicate, for example, the amount of power available to

the receiver 108, e.g., percent remaining, percent expended, amount of joules or equivalent left in

the receiver energy storage device 110. The control signal may be transmitted by modulating at

least some of the ultrasonic waves and/or may be transmitted out-of-band, e.g., using a separate

radio frequency transmitter, or by sending a signal through a cellular telephone network or via a

Wi-Fi network. For example, the signal may be transmitted by text, instant message, email, etc.

[18] Transmitter 101 can further include a signal generator 103, variously known as a

function generator, pitch generator, arbitrary waveform generator, or digital pattern generator,

which can generate one or more waveforms of ultrasonic waves. A controller 105 can itself

include an oscillator, an amplifier, a processor, memory, etc., (not shown.) The processor of the

controller can also execute instructions stored in memory to produce specific waveforms using

the signal generator 103. The waveforms produced by the signal generator 103 can be amplified

by the amplifier 104. The controller 105 can regulate how and when the transducer 106 can be

activated.

[19] The electrical power source 102 for transmitter 101 may be an AC or DC power

source. Where an AC power source is used, transmitter 101 may include a power processor 114

that is electrically connected with the signal generator 103. The power processor 114 can

receive AC power from the power source 102 to generate DC power.

[20] Transmitted ultrasound beams 107 can undergo constructive interference and

generate a narrow main lobe and low-level side lobes to help focus and/or direct the ultrasonic

energy. The ultrasonic energy generated by transmitter 101 may also be focused using

techniques such as geometric focusing, time reversal methods, beam forming via phase lags, or

through the use of an electronically controlled array.



[21] The transmitter 101 may scan an area for receivers, may sense location of a receiver

within a room, may track a receiver, and may steer an ultrasonic beam toward the receiver.

Transmitter 101 may optionally not emit ultrasonic energy unless a receiver 108 is determined to

be within a given range.

[22] Transmitter 101 may be mechanically and/or electronically oriented towards a

receiver 108. For example, in some embodiments, the transmitter can be tilted in the XY-

direction using a motor and the beam can be steered electronically in the Z-direction. The

transmitter 101 may transmit ultrasonic energy to the receiver 108 via line of sight transmission

or by spreading the ultrasound pulse equally in all directions. For line of sight transmission, the

transmitter 101 and receiver 108 may be physically oriented toward each other: the transmitter

101 can physically or electronically (or both) be aimed at the receiver 108 or the receiver 108

can be so aimed at the transmitter 101. The transmitter 101 may transmit signals, such as an

ultrasonic, radio, or other such signal, to be sensed by the receiver 108 for the purpose of

detecting orientation, location, communication, or other purposes, or vice versa. One or both of

the transmitter 101 and receiver 108 can include a signal receiver such as antennas 112 and 113,

respectively, that can receive signals from the receiver 108 or transmitter 101, respectively.

Likewise, signals may be transmitted from transmitter 101 to receiver 108 using the ultrasonic

waves themselves.

[23] The transmitter 101 can be thermo regulated by managing the duty cycles of the

signal generator and other components. Thermoregulation can also be achieved by attaching

heat sinks to the transmitting transducer 106, using fans, and/or running a coolant through the

transmitter, and other thermoregulation methods.

[24] Receiver 108 can include a receiver transducer 109 that can convert ultrasonic energy

in the form of ultrasonic waves to electrical energy. Receiver transducer 109 may include one or

more transducers arranged in an array that can receive unfocused or a focused beam of ultrasonic

energy. Receiver transducer 108 may include at least one Capacitive Micromachined Ultrasonic

Transducer (CMUT), a Capacitive Ultrasonic Transducer (CUT), or an electrostatic transducer,

or a piezoelectric-type transducer described below, a combination thereof or any other type or

types of transducer that can convert ultrasound into electrical energy. For receiving focused



ultrasonic energy via a phased array, receiver transducer 109 may include a timed delay

transducer or a parametric transducer. Receiver 108 can operate for example between about 20

to about 120 kHz for receipt of ultrasonic energy through air, and up to about 155 dB, for

example. For receiving ultrasonic energy through other medium, receiver 108 can operate at

frequencies greater than or equal to 1 MHz, for example. Receiver transducer 109 can have a

high electromechanical conversion efficiency, for example of about 40%, corresponding to about

a 3dB loss.

[25] Receiver transducer 109 may supply electrical energy to an energy storage device 110

and/or a processor 115. Examples of an energy storage device 110 can include, but are not

limited to, a battery, a capacitive storage device, an electrostatic storage device, etc. Examples

of a processor can include, but not limited to, a processor or chipset for a smartphone (such as an

Android mobile device, an iPhone, a mobile device having a Microsoft operating system), a

portable computer (such as an Apple laptop, a laptop having a Microsoft operating system, etc.),

an electronic content reader, (such as the Amazon Kindle, the Apple iPad, etc.) and so on.

[26] In accordance with various embodiments, receiver 108 can include a receiver

transducer 109 that can be one or more of a piezoelectrically actuated flexural mode transducer, a

flextensional transducer, a flexural mode piezoelectric transducer, and/or a Bimorph-type

piezoelectric transducer ("PZT") such as flexing type piezoelectric element of the kind

manufactured by Morgan Electro Ceramics. These can be attached to a metal membrane and the

structure can resonate in a flexing mode rather than in a brick mode. In embodiments, the

structure can be clamped around the rim by an attachment to the transducer housing. The PZT

slab can be electrically matched to the rectifier electronics. This can be a high Q resonator (it can

resonate at a single frequency) that can be held by very low impedance material.

[27] Receiver 108 can further include a receiver controller 111 in communication with the

receiver transducer 109. Receiver controller 109 can cause the receiver transducer 109 to receive

ultrasonic waves based on the proximity of the receiver transducer 109 to a sender transducer

106. Receiver transducer 109 can convert ultrasonic energy received from a sender transducer

106 to electrical energy. Proximity can be the actual or effective distance between the receiver

transducer 109 and sender transducer 106. Effective distance can be based on the efficiency of



energy transmission between receiver transducer 109 and sender transducer 106 based on various

factors that can include, without limitation, their relative locations; the characteristics of the

conductive medium (e.g., the air, tissue, etc.) between transmitter and receiver; the relative

orientation of the transmitter and receiver; obstructions that may exist between the transmitter

and receiver; relative movement between transmitter and receiver; etc. In some cases, a first

transmitter/receiver pair may have a higher proximity than a second transmitter/receiver pair,

even though the first pair is separated by a greater distance than the second pair.

[28] Receiver controller 109 may cause a beam of ultrasonic energy to be received from

sender transducer 106. Further, receiver controller 109 can cause the sender transducer 106 to

receive ultrasonic waves having at least one frequency and at least one amplitude.

[29] Receiver 108 can further include a communication device (not shown) that can send

an interrogation signal through antenna 113 to detect transmitter 101 and help to determine

characteristics of transmitter 101, including sending transducer 106. The receiver

communication device can send a control signal to a sender communication device, which can be

in communication with sender controller 105. Sender controller 105 can control sender

transducer 106. The control signal may include the frequency and/or amplitude of the ultrasonic

waves received by receiver transducer 109. The control signal may be used to determine the

proximity and/or relative orientation of receiver transducer 109 to sender transducer 106.

Additionally, the control signal may include, without limitation, an instruction to be executed by

sender controller 105; the impedance of receiver transducer 109; a desired power level; a desired

frequency, etc.

[30] The receiver communications device may receive a control signal from a sender

communications device that can be in communication with sender controller 105. The control

signal may include the frequency and/or amplitude of ultrasonic energy emitted by sender

transducer 106. Additionally, the control signal may include an instruction to be executed by

receiver controller 111 and may also include an interrogation signal to detect a power status from

receiver transducer 109. The control signal may be used to determine the proximity and/or

relative orientation of receiver transducer 109 to sender transducer 106.



[31] A communications device can send a signal by modulating the ultrasonic waves

generated by the transducer for in-band communications. The communication device can also be

used to modulate an out-of-band signal, such as a radio signal, for communication to another

communication device. The radio signal can be generated by a separate radio transmitter that

may use an antenna.

[32] The system may include communication between receiver and transmitter to, for

example, adjust frequency to optimize performance in terms of electro acoustical conversion,

modulate ultrasonic power output to match power demand at a device coupled to the receiver,

etc. For example, if it is determined that the ultrasound waves received by the receiver 108 are

too weak, a signal can be sent through the communications devices to the transmitter 101 to

increase output power. Sender controller 105 can then cause sending transducer 106 to increase

the power of the ultrasonic waves being generated. In the same way, the frequency, duration, and

directional characteristics (such as the degree of focus) of the ultrasonic waves may be adjusted

accordingly.

[33] Thus, in accordance with embodiments of the disclosed subject matter, the transmitter

101 and receiver 108 can communicate to coordinate the transmission and receipt of ultrasonic

energy. Communications between the transmitter 101 and receiver 108 can occur in-band (e.g.,

using the ultrasonic waves that are used to convey power from the transmitter to the receiver to

also carry communications signals) and/or out-of-band (e.g., using separate ultrasonic waves

from those used to carry power or, for example, radio waves based on a transmitter or transceiver

at the transmitter and receiver.) In an embodiment, a range detection system (not shown) can be

included at the transmitter 101, at the receiver 108 or both. The range detection system at the

transmitter can use echolocation based on the ultrasound waves sent to the receiver, the

Bluetooth wireless communications protocol or any other wireless communications technology

suitable for determining the range between a device and one or more other devices. For example,

the strength of a Bluetooth or Wi-Fi signal can be used to estimate actual or effective range

between devices. For example, the weaker the signal, the more actual or effective distance can be

determined to exist between the two devices. Likewise, the failure of a device to establish a

communications link with another device (e.g., using a Bluetooth or Wi-Fi (e.g., 802.1 1) signal

with another device can establish that the other device is beyond a certain distance or range of



distances from a first device. Also, a fraction of the waves can reflect back to the transmitter

from the receiver. The delay between transmission and receipt of the echo can help the

transmitter to determine the distance to the receiver. The receiver can likewise have a similar

echolocation system that uses sound waves to assess the distance between the receiver and the

transmitter.

[34] In an embodiment of the presently disclosed subject matter, impedance of the first

106 and second 109 transducers may be the same and/or may be synchronized. In this regard,

for example, both transducers 106 and 109 may operate at the same frequency range and

intensity range, and have the same sensitivity factor and beam width.

[35] Communications between transmitter 101 and receiver 108 can also be used to

exchange impedance information to help match the impedance of the system. Impedance

information can include any information that is relevant to determining and/or matching the

impedance of the transmitter and/or receiver, which can be useful in optimizing the efficiency of

energy transfer. For example, a receiver 108 can send impedance information via a

communication signal (e.g., a "control signal") that includes a frequency or a range of

frequencies that the receiver 108 is adapted to receive. The frequency or range of frequencies

may be the optimal frequencies for reception. Impedance information can also include amplitude

data from the receiver 108, e.g., the optimal amplitude or amplitudes at which a receiver 108 can

receive ultrasound waves. In an embodiment, an amplitude is associated with a frequency to

identify to the transmitter 101 the optimal amplitude for receiving ultrasound at the receiver 108

at the specified frequency. In an embodiment, impedance information can include a set of

frequencies and associated amplitudes at which the receiver 108 optimally can receive the

ultrasound waves and/or at which the transmitter 101 can optimally transmit the ultrasound.

Impedance information can also include information about the sensitivity of the transmitter 101

and/or receiver 108, beam width, intensity, etc. The sensitivity may be tuned in some

embodiments by changing the bias voltage, at least for embodiments using CMUT technology.

[36] Communications can also include signals for determining location information for the

transmitter 101 and/or the receiver 108. In accordance with embodiments of the disclosed subject

matter, location information for receivers 108 can be associated with receiver identifiers (e.g.,



Electronic Identification Numbers, phone numbers, Internet Protocol, Ethernet or other network

addresses, device identifiers, etc.) This can be used to establish a profile of the devices at or near

a given location at one time or over one or more time ranges. This information can be provided

to third parties. For example, embodiments of the system may determine a set of device

identifiers that are proximate to a given location and to each other. The fact that they are

proximate; the location at which they are proximate; information about each device (e.g., a

device's position relative to one or other device, a device's absolute location, power information

about a device, etc.) can be shared with a third party, such as an third party application that

would find such information useful. Further, similar such information can be imported into

embodiments of the present invention from third party sources and applications.

[37] Embodiments of communications protocols between transmitter 101 and receivers

108 can be used to dynamically tune the beam characteristics and/or device characteristics to

enable and/or to optimize the transmission of power from transmitter 101 to receiver 108. For

example, at a given distance, it may be optimal to operate at a given frequency and intensity. A

transmitter 101 may server several different devices by, for example, steering and tuning the

beam for each receiver device 108, e.g., in a round-robin or random fashion. Thus, the beam for

a device A may be at 40 kHz and 145 dB, device B may be at 60 kHz and 130 dB and device C

at 75 kHz and 150 dB. The transmitter can tune itself to transmit an optimally shaped beam to

each of these dynamically, changing beam characteristics as the transmitter shifts from one

device to another. Further, dwell time on each receiver device 108 can be modulated to achieve

particular power transfer objectives.

[38] In an embodiment, a transmitter 101 can receive a signal (one or more control

signals) from a receiver 108 indicating one or more of the receiver's distance, orientation,

optimal frequencies, amplitudes, sensitivity, beam width, etc. For example, optimal frequency

when a receiver is less than 1 foot away from a transmitter may be 110 kHz with a 1.7 dB/ft

attenuation rate, and optimal frequency when a receiver is farther than 1 foot away from a

transmitter may be 50 kHz with a .4 dB/foot attenuation rate. The receiver can detect the

distance and provide a signal to the transmitter to change its frequency accordingly. In response,

the transmitter can tune itself to transmit the best beam possible to transfer the most power in the

most reliable fashion to the receiver. These parameters can be dynamically adjusted during the



transmission of ultrasonic energy from the transmitter to the receiver, e.g., to account for changes

in the relative positions of the transmitter and receiver, changes in the transmission medium, etc.

[39] Likewise, a receiver 108 may configure itself in response to signals received from a

transmitter 101. For example, a receiver 108 may tune to a given frequency and adjust its

sensitivity to most efficiently receive and convert ultrasound waves from the transmitter 101 to

electrical energy.

[40] Dwell time of a transmitter 101 on a receiver 108 can also be adjusted to optimize the

energy delivered by a transmitter to several receivers around the same time. For example, the

transmitter 101 may receive power requirements information from each of five receivers. It may

dwell on the neediest receiver for a longer time interval than a less needy receiver as it services

(e.g., sends ultrasound waves to) each receiver, e.g., in round-robin fashion.

[41] Embodiments of the present invention include a system that can include a sender

transducer coupled to the amplifier. The sender transducer can be a capacitive micromachined

ultrasound transducer, another type of capacitive ultrasound transducer, an electrostatic

ultrasound transducer, a piezoelectric type ultrasound transducer, etc. A capacitive transducer

includes any transducer that converts any capacitively-stored energy into ultrasonic energy. An

electrostatic transducer is one that uses any electrostatically-stored energy into ultrasound

energy. A piezoelectric-type transducer is one that generates ultrasonic energy based on

subjecting dielectric crystals to mechanical stress.

[42] The transducer can be configured as an array of transducers and/or apertures. This

can be used to produce a beam of ultrasonic energy. The transducer can be controlled by the

sender controller to produce one or more ultrasonic beams and can produce each such beam or

combination of beams with a given shape, direction, focal length and any other focal property of

the beam. The transducer can include one or more steering components, including one or more

electronic steering components, e.g., one or more configurations or patterns or array elements

and/or apertures. One or more of the apertures can be convex to help control beam properties

such as focal length. A transducer can have a mechanical steering component that works alone

or in combination with one or more electronic steering components to control focal properties of

one or more ultrasonic beams.



[43] In accordance with embodiments of the present invention, a system can include a

sender that has a first value of a configuration parameter. A configuration parameter can be used

to describe an actual or potential state or condition of a sender or a receiver and can include, for

example, an amplitude, a frequency, a steering parameter, an instruction, a power status, a

transmitter characteristic and a receiver characteristic. A sender characteristic can describe an

actual or potential condition of the sender or receiver. For example, a sender characteristic can

relate to the power state of the sending transducer and have the values ON (emitting ultrasound

to be converted into electrical energy by a receiver) or OFF. Another power configuration

parameter can relate to the power level of the emitted ultrasonic energy in various units, such as

watts per square inch, decibels, etc.

[44] A characteristic can describe an actual or potential condition of the sender or receiver

that can be fixed. For example, a characteristic can be a telephone number, Electronic Serial

Number (ESN), Mobile Equipment Identifier (MEID), IP address, MAC address, etc., or a

mobile or stationary device that can be a sender or receiver. A characteristic can be a fixed

impedance or other electronic property (e.g., transducer type, software/firmware version, etc.) of

a device.

[45] In accordance with embodiments of the present invention, a device has a first

configuration parameter. Based on input received through the sender communications device,

the sender can change its configuration parameter value to a second configuration parameter

value and thereby change its state and/or behavior. Mechanisms for changing the sender

configuration parameter can include receiving a new configuration parameter value through the

communications device. The new configuration parameter value can originate from a receiver to

which the sender is or intends to transmit ultrasonic energy. For example, a sender can be

transmitting ultrasonic energy at a first power level and a receiver can send a message to the

sender requesting that the energy be transmitted at a second power level. For example, a receiver

can send a request asking that the power of transmitted ultrasound be boosted from 120dB to

140dB. The sender can then change its power level configuration parameter from 120dB to

140dB.



[46] Another mechanism is to change a first configuration parameter based on input

received through the communications device, even when that input does not specify a new

(second) value for the configuration parameter. For example, input can be received at the sender

communications device from a receiver that includes a request to increase the power of the

transmitted ultrasonic energy. In response, the sender can change the value of the power

configuration parameter from the first value to a second value, e.g., from 120dB to 140dB.

Likewise, one or more configuration parameters can be changed based on a combinations of

inputs from one or more receivers or third parties. For example, a beam shape can be changed

based upon a receiver characteristic, such as the type of receiver transducer at the receiver.

[47] A configuration parameter can be or include one or more steering parameters.

Examples of steering parameters include a steering angle, such as the angle at which a

mechanical tilt device has disposed or can disposed one or more elements of a transducer; a

dispersion angle, such as the angle at which a threshold power occurs in an ultrasonic beam (e.g.,

the beam width expressed as an angle); a focal length, such as a distance in centimeters at which

an ultrasonic beam becomes most focused; a transmitter location, such as the angle and distance

of a receiver from a transmitter, or the distance of a transmitter from a receiver, or the absolute

position (e.g., from a given reference point) of a sender or receiver; and a relative orientation of a

sender and receiver, such as the difference in the relative orientation of a sender transducer and a

receiver transducer, expressed in the degrees from parallel. For example, when one transducer is

parallel to another, they can be said to have a zero degree offset. When one is perpendicular in

orientation to another, they can have a ninety degree offset, etc.

[48] Another mechanism is to change a first steering parameter in order to adjust and/or

improve the efficiency of the transmission of ultrasonic energy to a receiver. The steering

parameter can be changed based on input received through the communications device, even

when that input does not specify a new (second) value for the steering parameter. For example,

input can be received at the sender communications device from a receiver that includes an

amount of the transmitted ultrasonic energy being received, e.g., 120 dB. In response, the sender

can change the value of the steering parameter, e.g., relative orientation, from the first value to a

second value, e.g., from a ninety degree offset to a zero degree offset. As a result of

changing/adjusting the steering parameter, the efficiency of the transmission of ultrasonic energy



to the receiver may improve, and the amount of the transmitted ultrasonic energy being received

may increase, e.g., from 120 dB to 140 dB. For example, the amount of power at the receiver

can be monitored by the receiver and used as a basis for generating an input to be sent to the

sender to adjust one or more of its configuration parameters. This can change the way in which

ultrasonic energy is transmitted by the sender to the receiver, e.g., by changing the tilt of a

mechanical steering mechanism for the sender transducer, by changing the power level of the

transmitted ultrasonic energy, by changing the electronic steering and beam shaping of the

ultrasonic energy at the sender, etc. In this way, the receiver can provide real-time or near-real

time feedback to the sender so that the sender can tune the way in which it sends ultrasonic

energy to the receiver to improve the rate at which energy is transferred (e.g., power), the

continuity of energy transfer, the duration of energy transfer, etc.

[49] Beam steering and focusing can be achieved by causing the controller to modulate

(control) the phase of the electrical signal sent to the sending transducer or to various elements of

the sending transducer. For wide-angle steering, elements of size λ/2 can be used, e.g., having a

size of around 4 mm. Some semiconductor companies (Supertex, Maxim, Clare, etc.)

manufacture high voltage switch chips that can allow a few high-power oscillator circuits to take

the place of thousands of transmitters. An example of a useful design can have four oscillators

with phases of 0, π/2, π and 3 π/2. Switches can be arranged so that each transmit element can be

connected to any of the four phases. The pitch of the switch-matrix can then be smaller than the

pitch of the transducer array, which can facilitate interconnection. A small amount of memory

can store the entire set of switch arrangements needed for an arbitrary number of steering and

focusing positions. A simple microcontroller (e.g., an ARM microcontroller) can manage the

steering/focusing computation.

[50] Beam steering and focusing can be made more manageable in various ways. An

electronic steering mechanism can be combined with a mechanical tilt mechanism in a direction

orthogonal to that of the electronic steering mechanism to steer and focus the beam. For

example, the transmitter can be relatively fixed in azimuth (horizontal dimension) but

mechanically steerable in elevation (vertical dimension). Tracking vertically can be achieved by

a mechanical tilt, driven by the signaling from the receiver, or from a transmitter, either directly



or through the receiver, or with input from both and/or a third party, such as a power-tracking

server. Electronic steering and focusing can be used for the azimuthal (horizontal) beam.

[51] Some embodiments can tilt in both azimuth and elevation. In such cases, a two

dimensional array with certain elements (e.g., a 15x15 array of 2λ elements) can perform

focusing and steering. In some embodiments, the element size can grow from λ/2 to 2 λ or larger.

In some embodiments, the electronically steered array can be embedded in a mechanically

focused transducer. A smaller matrix array can be positioned at the center of curved transducer.

The curvature can create a focus in a given direction and at a certain average depth, e.g., one

meter. The electronically focusing portion in the center can further adjust the focusing

characteristics of the beam.

[52] In some embodiments, the output can be split asymmetrically between azimuth and

elevation, allowing for sophisticated beam control. In various embodiments, the aperture can be

divided into several sub-apertures. Some or all of the sub-apertures can have different steering

capabilities, enabling such an arrangement to produce a plurality of foci, which may be adjacent

to each other. Figure 2 shows a divided aperture apparatus in accordance with embodiments of

the present invention. Source aperture 201 of can be divided into separate sub-apertures 202, 203

and 204. Each sub-aperture 202, 203 and 204 has its own target focus 205, 206 and 207,

respectively. The phase of each of the three sources shown in Figure 2 can be altered to change

the focal length of the elevation aperture. The beam steering can be mechanical, electronic, or a

combination of the two. This arrangement can also be focused by changing the phase between

the sources. The efficiency of the transmitter can be maintained for targets over a range of

depths around the mechanical foci established by the curvature of the sources.

[53] Figure 3 shows another focusing apparatus that uses azimuth aperture division to

allow for an extended focus range over the target. Source targets 301, 302, 303 and 304 have

respective target foci 305, 306, 307 and 308. Steering and focusing can be accomplished

electronically, mechanically, or a combination thereof. In the embodiment shown in Figure 3,

the element size can be made small enough to avoid the need for aperture curvature and/or

mechanical tilt. Dividing the array into segments can increase the size of the focal spots and



allow them to be juxtaposed. The foci can move around on the surface of the receiver, e.g., to

optimize the overall power transfer.

[54] A mobile device application (e.g., an iPhone or Android application) may be

associated with an embodiment of the present system to aid the user. The associated mobile

application may locate an ultrasonic power system, in accordance with an embodiment of the

disclosed subject matter, near or within range of the user's location. The mobile application may

pinpoint the user's exact location and compare it to the strongest power signal location in the

room, and direct the user to that power location. The mobile application may communicate with

corresponding applications on other mobile devices, e.g., to share location information,

transmitter and/or receiver information, data about the transmissivity of a given medium, etc.

[55] In accordance with embodiments of the present invention, a given device may act as

essentially as a relay between an initial transmitter and a terminal receiver device. Such a device

(a "relay device" or an "intermediate device") may receive power from a first device, convert at

least a part of the received power to electrical energy, re-convert it to acoustic energy and then

beam that acoustic energy to the terminal receiver device. This can be useful when the terminal

device may be out of range of the initial transmitter device, especially when the initial transmitter

device stores a substantial amount of energy or is connected to a larger source of energy, such as

an electrical outlet or a large external battery. This can also be used to arrange for a transfer

energy from a device that has sufficient or an excess amount of stored energy to a device in need

of energy, even when the latter may be out of range of the former without a relay or intermediate

device.

[56] The mobile application may also inform the user of how quickly its mobile

application device is being charged and how much more power and/or time the device requires

until it's fully charged. Additionally, the mobile application can indicate the user's "burn rate"

based on the amount of data being used on the device at a given time based on a variety of

factors, for example, how many programs/applications are open and can indicate that the device

will need to charge again in a given time period. The mobile application may tell the user when

the device is using power from the device battery or power from the wireless power system. For

example, the mobile application may have a hard or soft switch to signal the transmitter when the



device battery is less than 20% full, thereby reducing the use of dirty energy and allowing the

system to supply the most power to those who need it to the most. Additionally, the user may

have the ability to turn off their ultrasonic receptor and/or transmitter using the mobile

application.

[57] At least part of the receiver 108 may be in the shape of a protective case, cover, or

backing for a device, such as a cell phone, that may be inside or outside the physical device. An

energy storage device, such as a rechargeable battery, may be embedded within the receiver case.

The receiver 108 may also be used in other devices such as a laptop, tablet, or digital reader, for

example in a case or backing therefor. The receiver 108 may be embedded within the electronic

housing or can be a physical attachment. The receiver 108 can be any shape or size and can

function as an isolated power receiver or be connected to a number of devices to power them

simultaneously or otherwise.

[58] In an embodiment of the disclosed subject matter, the receiver 108 can be a medical

device such as an implant, for example a pacemaker, or drug delivery system. The implant can

be powered, or the storage device can be charged, using an ultrasonic transmitter 101 . The

characteristics of the transmitter 101 and/or receiver 108 can be tuned taking into account the

power needs of the device, the conduction parameters of the tissue between the transmitter 101

and receiver 108, and the needs of the patient. For ultrasonic power transmission through animal

or plant tissue, the receiver 108 can be embedded in a medical device and/or tissue to power or

charge a chemical deliver or medical device such as an implanted device. For example, a

transmitter 101 could be programmed to emit ultrasound waves at a given time to a receiver 108

located within a pacemaker device implanted in the body of a patient.

[59] Certain embodiments of the present invention can be designed to deliver a relatively

uniform pressure to a rectangle such as a surface of, on or in a mobile device. For example, an

embodiment can be designed to deliver acoustic energy to a mobile device such as a smartphone

of size 115 x 58 mm at a distance of one meter from the transmitter with a transmit frequency in

the range of 40-60 kHz (i.e. the wavelength can be 5.7 to 8.5 mm.)

[60] The maximum power in some embodiments from transmitter to receiver can be 316

W-m 2 , while the normalized amplitude or "gain" can be characterized as the pressure created



from 1 Pa at the surface of the transmitter. A gain of less than one could mean that the energy

transfer is less than ideal. A gain above one could mean that the power density at the transmitter

should be reduced, e.g., for regulatory compliance, which may also be less than ideal. A design

could create a gain of one, constant over the receiver area, and a gain less than one everywhere

else. The system can track the motion of the phone and limit power loss in the face of relative

motion and/or position change of the transmitter in relation to the receiver and/or vice versa.

[61] Phase change across the phone can be minimized, even in view of changes in the

angle between the plane of the transmitter and receiver, which can be facilitated by using

separate receiver patches on the phone and/or with a multi-element transmitter, which can also

raise the overall efficiency through better control of the acoustic field. Steering and focusing can

be achieved electronically by varying the phase of the transmitter wave across the elements.

Different steering angles and focus depths can have different values of phase at each element.

[62] Various embodiments of the present invention can track the relative position and

orientation of a transmitter and receiver, e.g., through an iOS or Android application and a

wireless protocol such as Bluetooth or 802.1 1. Closed-loop communication between transmitter

and receiver can permit the transmit beam to track the mobile device to minimize the phase

changes of the beam across an element on or in the receiver.

[63] When a receiver arrives within range of a transmitter, a two-way communication can

be initiated. The receiver can signal its location and request transmission of acoustic power. As

charging takes place, the phone can updates the transmitter about its location, the amount of

power received and the distribution of acoustic energy at the receiver. An alert can be sent if the

receiver is positioned in an orientation or location where the power transfer is inefficient. The

foregoing description, for purpose of explanation, has been described with reference to specific

embodiments. However, the illustrative discussions above are not intended to be exhaustive or to

limit embodiments of the disclosed subject matter to the precise forms disclosed. Many

modifications and variations are possible in view of the above teachings. The embodiments were

chosen and described in order to explain the principles of embodiments of the disclosed subject

matter and their practical applications, to thereby enable others skilled in the art to utilize those



embodiments as well as various embodiments with various modifications as may be suited to the

particular use contemplated.



A system, comprising:

a signal generator;

an amplifier coupled to the signal generator, said amplifier configured to receive

power from a power source and to generate an electrical transmission signal adapted to be

used to generate ultrasonic waves;

a sender transducer coupled to the amplifier, the sender transducer adapted and

configured to generate ultrasonic waves based on the electrical transmission signal received

from the amplifier;

a sender communications device; and

a sender controller coupled to at least one of the signal generator, the amplifier the

sender transducer and the sender communications device, the controller receiving a signal

from the communications device and changing a configuration parameter of the sender

based upon the received signal.

The system of claim 1, wherein the sender controller causes the sender transducer to emit

the ultrasonic waves based on the proximity of the sender transducer to a receiver

transducer.

The system of claim 1, wherein the sender controller changes a steering parameter based on

the signal received from the communications device.

The system of claim 1, wherein the sender controller causes the sender transducer to emit

ultrasonic waves having at least one amplitude and to change the amplitude of at least some



of the ultrasonic waves based on the proximity of the sender transducer to a receiver

transducer.

5 . The system of claim 1, wherein the sender controller is adapted and configured to modulate

the phase of the electrical signal delivered to at least one aperture to change the focus of the

ultrasonic energy radiated by the aperture.

6 . The system of claim 5, wherein the sender controller is adapted and configured to send a

first electrical signal having a first phase to a first aperture and a second electrical signal

having a second phase to a second aperture.

7 . The system of claim 1, wherein the sender controller is adapted and configured to control

the focal length of the ultrasonic energy.

8. A method for controlling a transducer at a sender having at least a first value of a

configuration parameter, comprising:

causing the sender transducer to send ultrasonic energy to a receiver in

accordance with a second value of the configuration parameter such that the ultrasonic

energy is converted into electrical energy more efficiently at the receiver than with the

sender configuration parameter at the first value.

9 . The method of claim 8, wherein the second value of the configuration parameter is received

from a receiver.

10. The method of claim 8, wherein the second value of the configuration parameter is

generated based on input from a receiver.



11. The method of claim 8, wherein the second configuration parameter is a power level at

which the ultrasonic energy is sent.

12. The method of claim 8, wherein the configuration parameter is a steering parameter.

13. The method of claim 8, wherein the configuration parameter is a characteristic of a

receiver.

14. A system, comprising:

a sender having a first value of a configuration parameter and comprising:

a signal generator;

an amplifier coupled to the signal generator, said amplifier configured to receive

power from a power source and to generate an electrical transmission signal adapted to be

used to generate ultrasonic waves;

a sender transducer coupled to the amplifier, the sender transducer adapted and

configured to generate ultrasonic waves based on the electrical transmission signal received

from the amplifier;

a sender communications device adapted to receive input from a receiver

communication device, the input including a second value of the configuration parameter;

a sender controller coupled to at least one of the signal generator, the amplifier

and the sender transducer, the sender controller causing the sender to send ultrasonic

energy to a receiver in accordance with the second value of the configuration parameter

such that the ultrasonic energy is converted into electrical energy more efficiently at the

receiver than with the sender configuration parameter at the first value; and

the receiver comprising:



a receiver transducer adapted and configured to receive ultrasonic waves

generated by the sender transducer and to generate a receiver electrical signal based on the

received ultrasonic waves;

a receiver electrical storage device adapted and configured to store electrical

energy based on the receiver electrical signal generated by the receiver transducer;

a receiver communications device adapted and configured to send input to the

sender; and

a receiver controller coupled to at least one of the receiver transducer and the

receiver electrical storage device.

15. A system having a first value of a configuration parameter, comprising:

a receiver transducer adapted and configured to receive ultrasonic waves

generated by the sender transducer and to generate a receiver electrical signal based on the

received ultrasonic waves;

a receiver electrical storage device adapted and configured to store electrical

energy based on the receiver electrical signal generated by the receiver transducer;

a receiver controller coupled to at least one of the receiver transducer and the

receiver electrical storage device, the receiver controller causing the receiver to receive

ultrasonic energy in accordance with a second value of the configuration parameter such that the

ultrasonic energy is converted into electrical energy more efficiently at the receiver than with the

configuration parameter at the first value.



16. The system of claim 15, wherein the receiver controller causes the receiver electrical

storage device to store energy from the receiver transducer based on the proximity of the

receiver transducer to a sender transducer.

17. The system of claim 15, further comprising a receiver communications device adapted and

configured to receive input from a sender.

18. The system of claim 17, wherein the input includes the second value of the configuration

parameter and further comprising communicating the second configuration parameter to

the receiver controller.

19. The system of claim 17, wherein the input is communicated to the receiver controller and

the second value of the configuration parameter is generated by the receiver controller

based upon the input.

20. The system of claim 17, wherein the receiver controller changes a steering parameter of the

receiver transducer based on the input.

2 1. A method for controlling a transducer at a receiver having at least a first value of a

configuration parameter, comprising:

causing the receiver transducer to receive ultrasonic energy in accordance with a

second value of the configuration parameter such that the ultrasonic energy is converted

into electrical energy more efficiently at the receiver than with the configuration parameter

at the first value.

22. The method of claim 21, further comprising receiving input from a sender.



23. The method of claim 22, further comprising changing a steering parameter of the receiver

transducer based upon the received input.

24. The method of claim 22, wherein the input includes the second value of the configuration

parameter.

25. The method of claim 22, further comprising generating the second value of the

configuration parameter based upon the received input.

26. A system, comprising:

a sender comprising:

a signal generator;

an amplifier coupled to the signal generator, said amplifier configured to receive

power from a power source and to generate an electrical transmission signal adapted to be

used to generate ultrasonic waves;

a sender transducer coupled to the amplifier, the sender transducer adapted and

configured to generate ultrasonic waves based on the electrical transmission signal received

from the amplifier; and

a sender controller coupled to at least one of the signal generator, the amplifier

and the sender transducer; and

a receiver having a first value of a configuration parameter and comprising:

a receiver transducer adapted and configured to receive ultrasonic waves

generated by the sender transducer and to generate a receiver electrical signal based on the

received ultrasonic waves;

a receiver electrical storage device adapted and configured to store electrical



energy based on the receiver electrical signal generated by the receiver transducer;

a receiver controller coupled to at least one of the receiver transducer and the

receiver electrical storage device, the receiver controller causing the receiver to receive

ultrasonic energy in accordance with a second value of the configuration parameter such

that the ultrasonic energy is converted into electrical energy more efficiently at the receiver

than with the receiver configuration parameter at the first value.

A system, comprising:

a sender having a first value of a configuration parameter and comprising:

a signal generator;

an amplifier coupled to the signal generator, said amplifier configured to receive

power from a power source and to generate an electrical transmission signal adapted to be

used to generate ultrasonic waves;

a sender transducer coupled to the amplifier, the sender transducer adapted and

configured to generate ultrasonic waves based on the electrical transmission signal received

from the amplifier;

a sender communications device adapted to receive input from a receiver

communication device, the input including a second value of the configuration parameter;

a sender controller coupled to at least one of the signal generator, the amplifier

and the sender transducer, the sender controller causing the sender to send ultrasonic

energy to a receiver in accordance with the second value of the configuration parameter

such that the ultrasonic energy is converted into electrical energy more efficiently at the

receiver than with the sender configuration parameter at the first value; and

the receiver comprising:



a receiver transducer adapted and configured to receive ultrasonic waves

generated by the sender transducer and to generate a receiver electrical signal based on the

received ultrasonic waves;

a receiver electrical storage device adapted and configured to store electrical

energy based on the receiver electrical signal generated by the receiver transducer;

a receiver communications device adapted and configured to send input to the

sender; and

a receiver controller coupled to at least one of the receiver transducer and the

receiver electrical storage device.

28. A system having a first configuration parameter, comprising:

a signal generator adapted and configured to generate an electrical signal;

an amplifier adapted and configured to receive the electrical signal from the signal

generator, and to receive electrical power from a power source and to generate an amplified

electrical signal based upon the electrical signal received from the signal generator and power

received from the power source;

a sender transducer adapted and configured to generate ultrasonic energy based on the

amplified electrical signal received from the amplifier;

a sender communications device adapted to communicate with a receiver, the

communication including an input based on a configuration parameter selected from a group

consisting of: an amplitude, a frequency, a steering parameter, a power, a transmitter

characteristic and a receiver characteristic; and



a sender controller coupled to at least one of the signal generator, the amplifier and the

sender transducer.

29. The system of claim 28, wherein the communication includes an instruction adapted to be

executed by a receiver controller.

30. The system of claim 28, wherein the communication includes a characteristic of the

sender.

31. The system of claim 28, wherein the communication includes a configuration parameter.

32. The system of claim 28, wherein the communication includes a configuration parameter

of the receiver.

33 . The system of claim 31, wherein the configuration parameter includes a steering

parameter selected from a group consisting of: a steering angle, a dispersion angle, a

focal length, a transmitter location, a receiver location and a relative orientation.

34. A method, comprising:

receiving at an ultrasonic sender having a configuration parameter at a first value a

communication from an ultrasonic receiver, the configuration parameter selected from a group

consisting of: an amplitude, a frequency, a steering parameter, a power, a transmitter

characteristic and a receiver characteristic; and

obtaining a configuration parameter having a second value based on the received

communication.



35. The method of claim 34, wherein the configuration parameter includes a steering

parameter and further comprising changing the orientation of a sender transducer from a

first position corresponding to the first value of the steering parameter to a second

position corresponding to the second value of the steering parameter.

36. The method of claim 34, wherein the configuration parameter includes a steering

parameter and further comprising changing the relative orientation of a sender transducer

to a receiver transducer from a first orientation corresponding to the first value of the

steering parameter to a second orientation corresponding to the second value of the

steering parameter.

37. The method of claim 34, further comprising changing the power status of a sender

transducer from a first power status to a second power status based at least partly on the

communication.

38. The method of claim 34, wherein the ultrasonic energy includes a beam and the

configuration parameter includes a steering parameter and further comprising changing

the direction of the beam from a sender transducer to a receiver transducer from a first

direction corresponding to the first value of the steering parameter to a second direction

corresponding to the second value of the steering parameter.

39. The method of claim 34, wherein the ultrasonic energy includes a beam and the

configuration parameter includes a steering parameter and further comprising changing

the focal length of the beam from a sender transducer to a receiver transducer from a first



focal length corresponding to the first value of the steering parameter to a second focal

length corresponding to the second value of the steering parameter.

40. The method of claim 34, wherein the configuration parameter includes a receiver

characteristic, the receiver characteristic selected from the group consisting of: location

of a receiver transducer, proximity of a receiver transducer, and a receiver profile.

41. A system, comprising :

a sender comprising:

a signal generator;

an amplifier coupled to the signal generator, said amplifier configured to receive

power from a power source and to generate an electrical transmission signal adapted to be used

to generate ultrasonic waves;

a sender transducer coupled to the amplifier, the sender transducer adapted and

configured to generate ultrasonic waves based on the electrical transmission signal received from

the amplifier; and

a sender controller coupled to at least one of the signal generator, the amplifier

and the sender transducer; and

a receiver comprising:

a receiver transducer adapted and configured to receive ultrasonic waves

generated by the sender transducer and to generate a receiver electrical signal based on the

received ultrasonic waves;

a receiver electrical storage device adapted and configured to store electrical

energy based on the receiver electrical signal generated by the receiver transducer;



a receiver controller coupled to at least one of the receiver transducer and the

receiver electrical storage device, and

a receiver communications device adapted and configured to communicate with a

sender communications device wherein the communication includes a configuration parameter

selected from a group consisting of: an amplitude, a frequency, a steering parameter, a power, a

transmitter characteristic and a receiver characteristic.

42. A system, comprising:

a receiver transducer adapted and configured to receive ultrasonic waves

generated by a sender transducer and to generate a receiver electrical signal based on the

received ultrasonic waves;

a receiver electrical storage device adapted and configured to store

electrical energy based on the receiver electrical signal generated by the receiver

transducer; and

a receiver controller coupled to at least one of the receiver transducer and

the receiver electrical storage device; and

a receiver communications device adapted and configured to communicate

with a sender communications based upon a configuration parameter selected from a

group consisting of: an amplitude, a frequency, a steering parameter, an instruction, a

power, a transmitter characteristic and a receiver characteristic.

43. The system of claim 42, wherein the receiver communications device is adapted and

configured to send input to a sender communications device.



44. The system of claim 43, wherein the input is an instruction adapted to be executed by the

sender controller.

45. The system of claim 43, wherein the input describes a characteristic of the receiver.

46. The system of claim 43, wherein the input includes a configuration parameter.

47. The system of claim 43, wherein the data includes a configuration parameter of the

receiver.

48. The system of claim 43, wherein the data includes a configuration parameter of the

sender.

49. The system of claim 42, wherein the configuration parameter further includes at least one

steering parameter selected from a group consisting of: a steering angle, a dispersion

angle, a transmitter location, a receiver location and a relative orientation.

50. A method for communicating at a receiver with a sender, the receiver having at least a

first configuration parameter, comprising:

receiving at an ultrasonic receiver a communication from an ultrasonic sender, the

communication including a second value of the configuration parameter; and

sending the second value of a configuration parameter to a receiver controller based upon

the received communication.



51. The method of claim 50, wherein the communication includes a configuration parameter

selected from a group consisting of: an amplitude, a frequency, a steering parameter, an

instruction, a power, and a transmitter characteristic.

52. The method of claim 50, wherein the configuration parameter includes a steering

parameter and further comprising changing the orientation of a receiver transducer from a

first position corresponding to the first value of the steering parameter to a second

position corresponding to the second value of the steering parameter.

53. The method of claim 50, wherein the configuration parameter includes a steering

parameter and further comprising changing the relative orientation of a receiver

transducer to a sender transducer from a first orientation corresponding to the first value

of the steering parameter to a second orientation corresponding to the second value of the

steering parameter.

54. The method of claim 50, wherein the communication includes an instruction adapted to

be executed by a receiver controller and further comprising changing the power status of

a receiver transducer from a first power status to a second power status.

55. The method of claim 50, wherein the ultrasonic energy includes a beam and the

configuration parameter includes a steering parameter and further comprising changing

the direction of the beam to a receiver transducer from a sender transducer from a first

direction corresponding to the first value of the steering parameter to a second direction

corresponding to the second value of the steering parameter.



The method of claim 50, wherein the ultrasonic energy includes a beam and the

configuration parameter includes a steering parameter and further comprising changing

the focal length of the beam to a receiver transducer from a sender transducer from a first

focal length corresponding to the first value of the steering parameter to a second focal

length corresponding to the second value of the steering parameter.

The method of claim 50, wherein the configuration parameter includes a sender

characteristic, the sender characteristic selected from the group consisting of: location of

a sender transducer, proximity of a sender transducer, and a sender profile.

A system, comprising:

a sender having a first value of a configuration parameter and comprising:

a signal generator;

an amplifier coupled to the signal generator, said amplifier configured to

receive power from a power source and to generate an electrical transmission signal

adapted to be used to generate ultrasonic waves;

a sender transducer coupled to the amplifier, the sender transducer adapted

and configured to generate ultrasonic waves based on the electrical transmission signal

received from the amplifier, the sender transducer including at least one capacitive

micromachined ultrasound transducer;

a sender communications device adapted to receive input from a receiver

communication device, the input including a second value of the configuration parameter;

a sender controller coupled to at least one of the signal generator, the

amplifier and the sender transducer; and



the receiver comprising:

a receiver transducer adapted and configured to receive ultrasonic waves

generated by the sender transducer and to generate a receiver electrical signal based on

the received ultrasonic waves;

a receiver electrical storage device adapted and configured to store

electrical energy based on the receiver electrical signal generated by the receiver

transducer;

a receiver communications device adapted and configured to send input to

the sender; and

a receiver controller coupled to at least one of the receiver transducer and

the receiver electrical storage device.

59. A system, comprising:

a signal generator;

an amplifier coupled to the signal generator, said amplifier configured to receive

power from a power source and to generate an electrical transmission signal adapted to be used

to generate ultrasonic waves;

a sender transducer coupled to the amplifier, the sender transducer adapted and

configured to generate ultrasonic waves based on the electrical transmission signal received from

the amplifier, the sender transducer including at least one capacitive micromachined ultrasound

transducer; and

a sender controller coupled to at least one of the signal generator, the amplifier

and the sender transducer.



60. The system of claim 59, wherein the sender transducer comprises a plurality of

transducers arranged in an array.

6 1. The system of claim 60, wherein the array is adapted and configured to produce a beam

of ultrasonic energy.

62. The system of claim 61, wherein the beam of ultrasonic energy is focused.

63 . The system of claim 61, wherein the beam of energy is unfocused.

64. The system of claim 59, wherein the sender transducer includes at least one capacitive

ultrasound transducer.

65. The system of claim 59, wherein the sender transducer includes at least one electrostatic

ultrasound transducer.

66. The system of claim 59, wherein the sender transducer includes at least one piezoelectric-

type transducer.

67. The system of claim 59, wherein the transducer comprises a mechanical steering element

that changes the orientation of at least a part of the transducer.

68. The system of claim 59, wherein the transducer comprises an electronic steering

component that controls a focal property of the ultrasonic energy.

69. The system of claim 59, wherein the transducer comprises a plurality of apertures.



The system of claim 59, wherein at least one surface of the transducer is convex.

71. The system of claim 69, wherein at least one surface of one of the apertures is convex.

72. A method for emitting ultrasonic energy from a sender having at least a first value of a

configuration parameter, comprising:

emitting ultrasonic energy in accordance with a second value of the sender

configuration parameter such that the ultrasonic energy is converted into electrical energy

more efficiently at the receiver than with the sender configuration parameter at the first

value.

73. The method of claim 72, wherein the second value of the sender configuration parameter

is received from a receiver.

74. The method of claim 72, further comprising generating the second value of the sender

configuration parameter based upon a signal received from a receiver.

75. The method of claim 72, further comprising changing the steering of the transducer.

76. The method of claim 72, further comprising changing a focal property of the ultrasonic

energy.

77. A system, comprising:

a sender comprising:

a signal generator;



an amplifier coupled to the signal generator, said amplifier configured to receive

power from a power source and to generate an electrical transmission signal adapted to be

used to generate ultrasonic waves;

a sender transducer coupled to the amplifier, the sender transducer adapted and

configured to generate ultrasonic waves based on the electrical transmission signal received

from the amplifier; and

a sender controller coupled to at least one of the signal generator, the amplifier

and the sender transducer; and

a receiver comprising:

a receiver transducer adapted and configured to receive ultrasonic waves

generated by the sender transducer and to generate a receiver electrical signal based on the

received ultrasonic waves, the receiver transducer including at least one piezoelectrically

actuated flexural mode transducer;

a receiver electrical storage device adapted and configured to store electrical

energy based on the receiver electrical signal generated by the receiver transducer;

a receiver controller coupled to at least one of the receiver transducer and the

receiver electrical storage device.

78. A system, comprising :

a receiver transducer adapted and configured to receive ultrasonic waves

generated by the sender transducer and to generate a receiver electrical signal based on the

received ultrasonic waves, the receiver transducer including at least one piezoelectric transducer;

a receiver electrical storage device adapted and configured to store electrical



energy based on the receiver electrical signal generated by the receiver transducer; and

a receiver controller coupled to at least one of the receiver transducer and the

receiver electrical storage device.

79. The system of claim 78, wherein the receiver transducer comprises a plurality of

transducers arranged in an array.

80. The system of claim 78, wherein the receiver transducer further includes at least one

capacitive ultrasound transducer.

81. The system of claim 78, wherein the receiver transducer further includes at least one

electrostatic ultrasound transducer.

82. The system of claim 78, wherein the receiver transducer includes at least one

piezoelectrically actuated flexural mode transducer.

83. The system of claim 78, wherein the receiver transducer includes at least one

piezoelectric transducer.

84. The system of claim 78, wherein the receiver transducer includes at least one

flextensional transducer.

85. The system of claim 78, wherein the receiver transducer includes at least one flexural

mode piezoelectric transducer.



86. The system of claim 78, wherein the receiver transducer provides electrical energy to a

processor.

87. A method for receiving at a receiver ultrasonic energy from a sender, the receiver

having at least a first value of a configuration parameter, comprising:

receiving ultrasonic energy at the receiver in accordance with a second

value of the configuration parameter such that the ultrasonic energy is converted into

electrical energy more efficiently at the receiver than with the configuration parameter at

the first value.

88. The method of claim 87, wherein the second value of the sender configuration parameter

is received from a sender.

89. The method of claim 87, further comprising generating the second value of the

configuration parameter based upon a signal received from a sender.

90. The method of claim 87, further comprising changing the steering of the receiver

transducer.
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