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TITLE

RECEIVERS FOR WIRELESS POWER TRANSMISSION

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application

Nos. 61/668,799 filed July 6, 2012, entitled Receivers For Power Transmission,

61/720,798 filed October 31, 2012, entitled Scalable Antenna Assemblies For Power

Transmission and 61/677.706 filed July 31, 2012, entitled Transmitters For Wireless

Power Transmission, the entire contents of which are incorporated herein by these

references

FIELD OF INVENTION

[00 2] The present invention relates to electronic receivers and more particularly

to receivers for wireless power transmission,

BACKGROUND OF THE INVENTION

[00 3 Electronic devices such as laptop computers, smartphones, portable

gaming devices, tablets and so forth may require power for performing their intended

functions. This may require having to charge electronic equipment at least once a day,

or in high-demand electronic devices more than once a day. Such an activity may be

tedious and may represent a burden to users. For example, a user may be required to

ca y chargers in case his electronic equipment is lacking power. In addition, users



have to find available power sources to connect to. Lastly, users must plugin to a wall

or other power supply to be able to charge his or her electronic device. However, such

an activity may render electronic devices inoperable during charging. Current

solutions to this problem may include inductive pads which may employ magnetic

induction or resonating coils. Nevertheless such a solution may still require that

electronic devices may have to be placed in a specific place for powering. Thus,

electronic devices during charging may not be portable. For the foregoing reasons,

there is a need for a wireless power transmission system where electronic devices may

be powered without requiring extra chargers or plugs, and where the mobility and

portability of electronic devices may not be compromised.

SUMMARY OF THE INVENTION

[0004] The present invention provides various receiver arrangements which can be

utilized for wireless power transmission using suitable techniques such as pocket-

forming.

[0005] In an embodiment, a transmitter including at least two antenna elements

may be provided. The A portable wireless power transmission receiver comprises RF

communication circuitry for sending a signal representing the status and spatial

location of a chargeable electronic device to a source of charging power. At least one

antenna for broadcasting the RF communication signals for regulating the power

source to create pockets of energy from the constructive and destructive interference

patterns of RF power waves generated and wireless!y broadcasted by the power source

of a preferred gain and amplitude to match a receiver. RF power circuitry connected

in close proximity to the one antenna for receiving the broadcasted pockets of energy

and for converting the pockets of energy aimed at the receiver into DC voltage for

charging or powering the electronic device connected electrically to the receiver.



[0006] n another embodiment, a receiver including at least one antenna element

may be provided.

00Θ7] n a portable wireless power transmission receiver comprising a RF

communication circuitry for sending a signal representing the status and spatial

location of a chargeable electronic device to a source of charging power; at least one

antenna for broadcasting the RF communication signals for regulating the power

source to create pockets of energy from the constructive and destructive interference

patterns of RF power waves generated and wirelessiy broadcasted by the power source

of a preferred gain and amplitude to match a receiver; and RF power circuitry

connected in close proximity to the one antenna for receiving the broadcasted pockets

of energy and for converting the pockets of energy aimed at the receiver into DC

voltage for charging or powering the electronic device connected electrically to the

receiver.

[0008] In a further embodiment, a receiver including at least one antenna element

connected to a plurality of parallel rectifiers may be provided,

[0009] In an even further embodiment, a receiver including a plurality of antenna

elements connected in parallel to a rectifier may be provided.

[0010] n another embodiment, a receiver including a plurality of antenna

elements whose outputs may be combined at a plurality of parallel rectifiers may be

provided.

[001 ϊ | In yet another embodiment, a receiver including groups of parallel antenna

elements connected to individual rectifiers may be provided

[0012] In a further embodiment, an implementation scheme for receivers may be

provided where receivers may be embedded in electronic devices.

[0013] In another embodiment, a second receiver implementation scheme may be

provided where an electronic device may include a battery embedded with a receiver,

[0014] In even another embodiment, a third receiver implementation scheme may

be provided where a receiver may be placed on separate hardware which can be

attached to electronic devices.



[0015] Receiver arrangements provided in the present invention, as well as

possible implementation schemes may provide wireless power transmission while

eliminating the use of wires or pads for charging devices which may require tedious

procedures such as plugging to a wall, and may turn devices unusable during charging.

In addition, electronic equipment may require less components as typical wall chargers

may not be required. In some cases, even batteries may be eliminated as a device may

fully be powered wireless!y.

BRIEF DESCRIPTION OF THE DRAWINGS

[00 ] Embodiments of the present invention are described by way of example

with reference to the accompanying figures, which are schematic and are not intended

to be drawn to scale, Unless indicated as representing prior art., the figures represent

aspec ts of the present invention,

[00 ] F G, 1 illustrates wireless power transmission using pocket-forming.

[0018] FIG. 2 illustrates a component level embodiment for a transmitter.

[0019] FIG, 3 illustrates a component level embodiment for a receiver.

[0020] FIG. 4 illustrates a receiver arrangement where multiple rectifiers can be

connected in parallel to an antenna element.

[0021] FIG. 5 illustrates a receiver arrangement where multiple antenna elements

may be connected in parallel to a rectifier.

[0022] FIG. 6 illustrates a receiver arrangement where multiple antenna elements

outputs can be combined and connected to parallel rectifiers.

[0023] FIG. 7 illustrates a receiver arrangement where groups of antenna elements

may be connected to different rectifiers.

[0024] FIG 8 illustrates a receiver implementation scheme where an electronic

device may include an embedded receiver.

[0025] FIG, 9 illustrates a receiver implementation scheme where a device may

include a battery with an embedded receiver.

[0026] FIG, 10 illustrates a receiver implementation scheme where a receiver and

a communications component may be included in external hardware.



[0027] FIG. 1 illustrates external hardware implementation of a receiver as

described in FIG. 10 in the form of ease which can be used in an electronic device as a

smartphone.

[0028] FIG, 12 illustrates external hardware implementation of a receiver as

described in FIG. 10 in the form of a printed film which can be pasted or otherwise

attached to electronic devices

DESCRIPTION OF THE DRAWINGS

[0029] In the following detailed description, reference is made to the

accompanying drawings, which form a part hereof. In the drawings, which may not be

to scale or to proportion, similar symbols typically identify similar components, unless

context dictates otherwise. The illustrative embodiments described in the detailed

description, drawings and claims, are not meant to be limiting. Other embodiments

may be used and/or and other changes may be made without departing from the spirit

or scope of the present invention.

[0030] FI . 1 illustrates wireless power transmission 100 using pocket-forming, A

transmitter 102 may transmit or broadcast controlled Radio Frequency (RF) waves 104

which may converge in 3-d space. These RF waves may be controlled through phase

and/or relative amplitude adjustments to form constructive and destructive interference

patterns (pocket-forming). Pockets of energy 106 may form at constructive

interference patterns and can be 3-dimensional in shape whereas null-spaces may be

generated at destructive interference patterns. A receiver 108 may then utilize pockets

of energy produced by pocket-forming for charging or powering an electronic device,

for example a laptop computer 110 and thus effectively providing wireless power

transmission. In some embodiments, there can be multiple transmitters 102 and/or

multiple receivers 108 for powering various electronic devices, for example

smartphones, tablets, music players, toys and others at the same time. In other

embodiments, adaptive pocket-forming may be used to regulate power on electronic

devices.



[003 FIG, 2 illustrates a component level embodiment for a transmitter 200

which may be utilized to provide wireless power transmission as in wireless power

transmission 100. Transmitter 200 may include a housing 202 where at least two or

more antenna elements 204, at least one F integrated circuit (RFIC) 206, at least one

digital signal processor (DSP) or micro-controller 208, and one communications

component 210 may be included. Housing 202 can be made of any suitable material

which may allow for signal or wave transmission and/or reception, for example plastic

or hard rubber. Antenna elements 204 may include suitable antenna types for operating

in frequency bands such as 900 MHz, 2,5 GHz or 5.8 GHz as these frequency bands

conform to Federal Communications Commission (FCC) regulations part

(Industrial, Scientific and Medical equipment). Antenna elements 204 may include

vertical or horizontal polarization, right hand or left hand polarization, elliptical

polarization, or other suitable polarizations as well as suitable polarization

combinations. Suitable antenna types may include, for example, patch antennas with

heights from about 1/24 inches to about 1 inch and widths from about 1/24 inches to

about 1 inch. Other antenna elements 204 types can be used, for example meta-

materials, dipole antennas among others, RF C 206 may include a proprietary chip for

adjusting phases and/or relative magnitudes of RF signals which may serve as inputs

for antenna elements 204 for controlling pocket-forming. These RF signals may be

produced using an external power supply 212 and a local oscillator chip (not shown)

using a suitable piezoelectric material. Micro-controller 208 may then process

information send by a receiver through communications component 210 for

determining optimum times and locations for pocket-forming. Communications

component 210 may be based on standard wireless communication protocols which

may include Bluetooth, Wi-Fi or ZigBee. In addition, communications component 210

may be used to transfer other information such as an identifier for the device or user,

battery level, location or other such information. Other communications component

210 may be possible which may include radar, infrared cameras or sound devices for

sonic triangu!ation for determining the device's position.

[Θ032] FIG, 3 illustrates a component level embodiment for a receiver 300 which

can be used for powering or charging a.n electronic device as exemplified in wireless



power transmission 100. Receiver 300 may include a housing 302 where at least one

antenna element 304, one rectifier 306, one power converter 308 and a

communications component 310 may be included. Housing 302 can be made of any

suitable material which may allow for signal or wave transmission and/or reception,

for example plastic or hard rubber. Housing 302 may be an external hardware that may

be added to different electronic equipment, for example in the fo r of cases, or can be

embedded within electronic equipment as well. Antenna element 304 may include

suitable antenna types for operating in frequency bands similar to the bands described

for transmitter 200 from FIG. 2 . Antenna element 304 may include vertical or

horizontal polarization, right hand or left hand polarization, elliptical polarization, or

other suitable polarizations as well as suitable polarization combinations. Using

multiple polarizations can be beneficial in devices where there may not be a preferred

orientation during usage or whose orientation may vary continuously through time, for

example a smartphone or portable gaming system, On the contrary, for devices with

well-defined orientations, for example a two-handed video game controller, there-

might be a preferred polarization for antennas which may dictate a ratio for the

number of antennas of a given polarization. Suitable antenna types may include patch

antennas with heights from about 1/8 inch to about 6 inches and widths from about 1/8

inch to about 6 inches. Patch antennas may have the advantage that polarization may

depend on connectivity, i.e. depending on which side the patch is fed, the polarization

may change. This may further prove advantageous as a receiver, such as receiver 300,

may dynamically modify its antenna polarization to optimize wireless power

transmission. Rectifier 306 may include diodes or resistors, inductors or capacitors to

rectify the alternating current (AC) voltage generated by antenna element 304 to direct

current (DC) voltage. Rectifier 306 may be placed as close as is technically possible to

antenna element 304 to minimize losses. After rectifying AC voltage, DC voltage may

be regulated using power converter 308. Power converter 308 can be a DC-DC

converter which may help provide a constant voltage output, regardless of input, to an

electronic device, or as in this embodiment to a battery 312, Typical voltage outputs

can be from about 5 volts to about 0 volts. In some embodiments, power converter

308 may include electronic switched mode DC-DC converters which can provide high



efficiency. In such a case, a capacitor (not shown) may be included before power

converter 308 to ensure sufficient current is provided for the switching device to

operate. When charging an electronic device, for example a phone or laptop computer,

initial high currents which can break-down the operation of an electronic switched

mode DC-DC converter may be required. In such a case, a capacitor (not shown) may

be added at the output of receiver 30 to provide the extra energy required.

Afterwards, lower power can be provided, for example 1/80 of the total initial power

while having the phone or laptop stil l build-up charge. Lastly, a communications

component 310, similar to that of transmitter 200 from FIG. 2, may be included in

receiver 300 to communicate with a transmitter or to other electronic equipment.

[0033] Different antenna, rectifier or power converter arrangements are possible

for a receiver as will be explained in following embodiments.

[0034 FIG, 4 illustrates an arrangement 400 where multiple rectifiers 402 can be

connected in parallel to an antenna element 404. In this example, four rectifiers 402

may be connected in parallel to antenna element 404. However, several more rectifiers

402 can be used. Arrangement 400 may be advantageous because each rectifier 402

may only need to handle 1/4 of the total power. If one watt is to be delivered to an

electronic device, then each rectifier 402 may only need to handle a quarter of a watt,

Arrangement 400 may greatly diminish cost because using a plurality of low-power

rectifiers 402 can be cheaper than utilizing one high-power rectifier 402 while

handling the same amount of power. In some embodiments, the total power handled by

rectifiers 402 can be combined into one DC-DC converter 406. In other embodiments,

there may a DC-DC converter 406 per rectifier 402.

[0035] FIG, 5 illustrates an arrangement 500 where multiple antenna elements 502

may be connected in parallel to a rectifier 504, after which DC voltage may be

regulated through a DC-DC converter 506. In this example, four antenna elements 502

may be connected in parallel to a single rectifier 504. Arrangement 500 may be

advantageous because each antenna element 502 may only handle 1/4 of the total

power. In addition, arrangement 500 may enable usage of antenna elements 502 of

different polarizations with a single rectifier 504 because signals may not cancel each

other. Because of the foregoing property, arrangement 500 may be suitable for



electronic devices whose orientation may not be wel defined or may a ' over time.

Lastly, arrangement 500 may be beneficial when using antenna elements 502 of equal

polarization and whose phases do not differ greatly n some embodiments, however,

there can be a rectifier 504 per antenna element 502 or multiple rectifiers 504 (as

described in FIG, 4) per antenna element 502,

[0036] FIG. 6 illustrates an arrangement 600 where multiple antenna elements 602

outputs can be combined and connected to parallel rectifiers 604 whose output may

further be combined in one DC converter 606. Arrangement 6Θ0 shows, by way of

exemplification, 16 antenna elements 602 whose output may be combined at four

parallel rectifiers 604, In other embodiments, antenna elements 602 may be subdivided

in groups (of four for example) and may connect to independent rectifiers as shown in

FIG, 7 be w

[0037] FIG, 7 illustrates an arrangement 700 where groups of antenna elements

702 may be connected to different rectifiers 704 which may in turn also be connected

to different DC converters 706. In arrangement 700, four groups of antenna elements

702 (each containing four antenna elements 702 in parallel) may each connect

independently to four rectifiers 704. In this embodiment, the output of each rectifier

704 may connect directly to a DC converter 706 (four in total). In other embodiments,

the output of all four rectifiers 704 can be combined, before each DC converter 706, to

handle the total power in parallel. In other embodiments, the combined outputs of each

rectifier 704 may connec to a single DC converter 706, Arrangement 700 may be

beneficial in that it allows great proximity between rectifiers 704 and antenna elements

702, This property may be desirable as it may keep losses at a minimum.

[0038] A receiver may be implemented on, connected to or embedded in electronic

devices or equipment that may rely on power for performing its intended functions, for

example a phone, laptop computer, a television remote, a children's toys or any other

such devices. A receiver utilizing pocket-forming ca be used to fully charge a

device's battery while being On or Off, or whi e being used or not. In addition, battery

lifetime can be greatly enhanced. For example, a device operating on two watts

utilizing a receiver that may deliver one watt may increase its battery duration up to

about 50% Lastly, some devices currently running on batteries can fully be powered



using a receiver after which a battery may no longer be required. This last property

ay be beneficial for devices where replacing batteries can be tedious or hard to

accomplish such as in wall-clocks. Embodiments below provide some examples of

ho integration of receivers may be carried out on electronic devices.

[0039] FIG 8 illustrates an implementation scheme where a device 800 which may

represent a typical phone, computer or other electronic device may include an

embedded receiver 802. Device 8Θ0 may also include a power source 8 4 a

communications component 806, and a processor 808. Receiver 02 way utilize

pocket-forming for providing power to power source 804 from device 800. n addition,

receiver 802 can use built-in communications component 806 of device 800 (for

example Bluetooth) for communicating to a given transmitter based on requirements

provided by processor 808 such as battery level, user predefined charging profile or

others.

|0040] FIG. 9 illustrates another implementation scheme where a device 900 may

include a battery 902 with an embedded receiver. Battery 902 may receive power

wirelessly through pocket-forming and may charge through its embedded receiver.

Battery 902 may function as a supply for power source 904, or may function as back¬

up supply. This configuration may be advantageous in that battery 902 may not need

to be removed for charging. This may particularly be helpful in gaming controllers, or

gaming devices where batteries, typically AA or AAA may be continuously replaced.

[0041] FIG. 1 illustrates an alternate implementation scheme 00 where a

receiver 1002 and a communications component 1004 may be included in an external

hardware 1006 which may be attached to a device 1Θ08. Hardware 0 6 can take

appropriate forms such as cases which may be placed on phones computers, remote

controllers and others which may connect thorough suitable interfaces such as

Universal Serial Bus (USB) for example (FIG. 11). In other embodiments, hardware

1006 may be printed on flexible films which may then be pasted or otherwise attached

to electronic equipment (FIG. 12). This last option may be advantageous as it may be

produced at low cost and can easily be integrated into various devices. As in previous

embodiments, a communications component 1004 may be included in hardware Ι Θ06



which ay provide communication to a transmitter or to electronic equipment in

general.

[0042] FIG, I illustrates hardware 1006 in the form of case 02 including a

receiver 1104 which may connect through flex cables or USB to a smartphone 1106,

In other embodiments, case 1102 can be a computer case, camera case among other

such options.

[0043] FIG, 12 illustrates hardware 1006 in the form of a printed film 1202 or

flexible printed circuit board (PCB) which may include a plurality of printed receivers

1204. Printed film 1202 can be pasted or otherwise attached to electronic devices and

can connect trough suitable interfaces such as USB. Printed film 1202 may be

advantageous in that sections can be cut from it to meet specific electronic device sizes

and/or requirements,

[0044] The efficiency of wireless power transmission as well as the amount of

power that can be delivered (using pocket-forming) may be a function of the total

number of antenna elements used in a given receiver and transmitter system For

example for delivering about one watt at about 5 feet, a receiver may include about

80 antenna elements while a transmitter may include about 256 antenna elements

Another identical wireless power transmission system (about 1 watt at about 5 feet)

may include a receiver with about 40 antenna elements, and a transmitter with about

512 antenna elements. Reducing in half the number of antenna elements in a receiver

may require doubling the number of antenna elements in a transmitter. It may be

beneficial to put a greater number of antenna elements in a transmitter than in a

receiver because of cost. However, the opposite can be achieved (placing more

antenna elements on a receiver than on a transmitter) as long as there are at least two

antenna elements in a transmitter.

[0045] While the invention has been shown and described with reference to the

embodiments as disclosed herein, other aspects and embodiments may be

contemplated. The various aspects and embodiments disclosed herein are for purposes

of illustration and a e not intended to be limiting, with the true scope and spirit being

indicated by the following claims.

1?



Having thus described the invention, we claim:

. A receiver for a wireless power transmission, comprising;

an antenna element 304 for sending and receiving RF signals;

a rectifier 306 connected to the antenna element 304 for rectifying alternating

current generated by the antenna element 304 to direct current;

a power converter 308 connected to the rectifier for regulating the DC voltage for

charging a portable electronic device directly or a battery associated with the electronic

device; and

a communications component 31 for generating a communication RF signal

identifying the battery level of the electronic device and a tracking location of the

receiver with respect to a power transmitter, the power transmitter in response to th

communication RF signal generating RF power waves controlled through phase and

relative amplitude to form constructive and destructive interference patterns forming

pockets of energy in 3-dimensional shape from the constructive interference patterns that

are aimed at the antenna element 304 for powering the electronic device or for charging a

battery connected to the receiver.

2. The receiver for a wireless power transmission of claim , wherein the antenna

elements 304 are external hardware that is added to different electronic devices in the

form of a case or is embedded within a housing of the electronic device.

3. The receiver for a wireless power transmission of claim 1, wherein the antenna

element 304 include suitable antenna types for operating in frequency bands similar to

the bands of the power transmitter 20 for 900 MHz, 2.5 GHz or 5. GHz and the

antenna element 304 includes vertical or horizontal polarization, right hand or left hand

polarization, elliptical polarization, or multiple polarizations for electronic devices whose

orientation varies continuously.

4 The receiver for a wireless power transmission of claim 1, wherein the antennas

are a patch or dipole antenna made out of meta-materials with a height of approximately

1/8 h of an inch to 6 inches and a width of approximately l/8 i of an inch to 6 inches, and



further Including a processor to dynamically modify the antenna polarization to optimize

wireless power transmission to a selected electronic device.

5. The receiver for a wireless power transmission of claim 1, wherein the rectifier

306 includes diodes, resistors, inductors or capacitors to rectify the alternating current

(AC) voltage generated by antenna element 304 to direct current (DC) voltage and

wherein the rectifier 306 is located closely adjacent to the antenna element 304 to

minimize losses,

6. The receiver for a wireless power transmission of claim 1, wherein the power

converter is a DC-DC converter to provide a constant voltage outp ut regardless of input,

to an electronic device, or to the battery 312 in generally voltage outputs from

approximately 5 to volts.

7. The receiver for a wireless power transmission of claim 6, wherein the power

converter includes an electronic switch mode DC-DC converters to provide high

efficiency with a capacitor to handle initial high inrush currents for laptops or similar

electronic devices to protect the electronic switched mode DC-DC converter and to

provide extra energy as required

8. The receiver for a wireless power transmission of claim 1, wherein the

communications component 310 communicates status information about the tracking

location and power levels of the electronic device with the power transmitter or to other

electronic equipment used to regulate power on the electronic devices.

9. The receiver for a wireless power transmission of claim 1, wherein the antennas

are connected in parallel to a predetermined number of rectifiers with the outputs of the

rectifiers connected to the input of the DC converter.

10. The receiver for a wireless power transmission of claim 1, wherein a

predetermined number of antennas are connected in parallel to each other and then to the

input of a single rectifier and DC converter.

. The receiver for wireless power transmission of claim 1 wherein multiple

antennas are combined and connected to parallel rectifiers with the rectifier outputs

combined and connected to one DC converter.



12. The receiver for a wireless power transmission of claim wherein groups of

antennas are connected to groups of rectifiers and to groups of DC converters for

charging the electronic device or the battery.

13. The receiver for a wireless power transmission of claim 1, further comprising a

ce l phone or computer having a processor for controlling the function of the computer

and the receiver embedded therein, a power source for powering the cell phone or

computer connected to the receiver, the receiver utilizing the ceil phone or computer

communications port for Bluetooth, Wi-Fi or Zigbee communications with the power

transmitter to forrn RF waves in constructive and destructive interference patterns for

creating 3-dimensional shaped pockets of energy to converge in 3-D space aimed at the

cell phone or computer antennas through the tracking location information for operating

or charging the cell phone or computer battery or the receiver battery.

14. The receiver for a wireless power transmission of claim 1, further comprising the

receiver circuitry and the communications component form part of an external,

removable hardware device electrically connected and attachable to the chargeable

electronic device.

15. A portable wireless power transmission receiver electrically connected to an

electronic device for charging a battery or powering the device, comprising:

at least one antenna for sending and receiving RF signals;

a communications component connected to the antenna for sending

communication RF signals representing the configuration and status of the electronic

device including power requirements, battery level or spatial tracking location of the

device; and

circuitry for converting pockets of energy comprising constructive interference

patterns of RF power waves generated from a source, aimed at the receiver by

communication RF tracking location signals and the RF power waves received by the

antenna of the receiver to convert the pockets of energy into DC voltage for charging the

battery or operating the electronic device.

6. The portable wireless power transmission receiver of claim 5, wherein the source

of the pockets of energy utilized by the receiver are formed from constructive and

destructive interference patterns of RF power waves generated by at least two antennas



connected to the source, the two streams of pockets of energy from the constructive

interference patterns converge in a -dimensional shape at the antenna of the receiver for

charging the battery or for powering the electronic device whereby the pockets of energy

avoid obstacles between the source and the receiver through tracking location

information sent by RF signal bursts from the receiver communications circuitry.

17. The portable wireless power transmission receiver of claim 5 wherein the

circuitry for converting the pockets of energy into a DC charging voltage includes a

rectifier connected to the antenna, a converter connected to the output of the rectifier and

the battery connected to the output of the converter to charge the battery or the electronic

device connected to the output of the converter,

18. The portable wireless power transmission receiver of claim 15, wherein the

charging DC voltage is generally in the range of 5 to 10 volts.

. A portable wireless power transmission method comprising the steps of:

sending a burst of F communication signals representing a . status and a tracking

location of a chargeable electronic device to a source of charging power:

creating pockets of energy from constructive and destructive interference patterns

F power waves associated with the source of charging power;

broadcasting wirelessly the pockets of energy in 3-dimensional shape from the

charging source;

aiming the broadcasted pockets of energy at the chargeable electronic device in at

least two channels while avoiding obstacles between the charging source and the

chargeable electronic device due to tracking location information about the electronic

device;

receiving the 3-dimensional shaped pockets of energy approximate to the

electronic device; and

converting the pockets of energy into DC voltage for charging or powering the

electronic device,

20. A portable wireless power transmission receiver comprising:

RF communication circuitry for sending a signal representing the status and

spatial location of a chargeable electronic device to a source of charging power;



at least one antenna for broadcasting the F communication signals for regulating

the power source to create pockets of energy from the constructive and destructive

interference patterns of RF power waves generated and wirelesslv broadcasted by the

power source of a preferred gain and amplitude to match a receiver; and

RF power circuitry connected in close proximity to the one antenna for receiving

the broadcasted pockets of energy and for converting the pockets of energy aimed at the

receiver into DC voltage for charging or powering the electronic device connected

electrically to the receiver.
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