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WIRELESS POWER TRANSMISSION FOR PORTABLEWIRELESS

POWER CHARGING

Claim of Priority Under 35 U.S.C. §119

[0001] This application claims priority under 35 U.S.C. §119(e) to:

U.S. Provisional Patent Application 61/090,180 entitled "Wireless

Desktop v3" filed on August 19, 2008, the disclosure of which is hereby

incorporated by reference in its entirety.

U.S. Provisional Patent Application 61/104,225 entitled "Wireless Power

Transfer via Coupled Resonant Structures" filed on October 9, 2008, the

disclosure of which is hereby incorporated by reference in its entirety.

U.S. Provisional Patent Application 61/139,611 entitled "Wireless

Recharging of Toy Electric Vehicle Models" filed on December 21, 2008, the

disclosure of which is hereby incorporated by reference in its entirety.

BACKGROUND

Field

[0002] The present invention relates generally to wireless charging, and more

specifically to devices, systems, and methods related to portable wireless charging

systems.

Background

[0003] Typically, each powered device such as a wireless electronic device requires its

own wired charger and power source, which is usually an alternating current (AC) power

outlet. Such a wired configuration becomes unwieldy when many devices need charging.

[0004] Approaches are being developed that use over-the-air or wireless power

transmission between a transmitter and a receiver coupled to the electronic device to be

charged. The receive antenna collects the radiated power and rectifies it into usable power

for powering the device or charging the battery of the device.

[0005] Wireless energy transmission may be based on coupling between a transmit

antenna, a receive antenna and a rectifying circuit embedded in the host electronic device

to be powered or charged. Shortcomings are realized when the transmit antenna is

integrated into a substantially stationary infrastructure or are of a substantial nature



creating portability issues. Furthermore, collocation of the AC power source with

wireless electronic device's user-interaction area about the transmit antenna, creates an

unnecessary safety concern. Therefore, there is a need to provide a wireless charging

arrangement that accommodates flexible placement of a transmitter in a wireless

powering and charging system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 illustrates a simplified block diagram of a wireless power transmission

system.

[0007] FIG. 2 illustrates a simplified schematic diagram of a wireless power transmission

system.

[0008] FIG. 3 illustrates a schematic diagram of a loop antenna, in accordance with

exemplary embodiments.

[0009] FIG. 4 illustrates a functional block diagram of a wireless power transmission

system, in accordance with an exemplary embodiment.

[0010] FIG. 5 illustrates a functional block diagram of a wireless power transmission

system including a passive energy relay, in accordance with an exemplary embodiment.

[0011] FIG. 6 illustrates proximity coupling of a transmitter and a receiver in a wireless

power transmission system, in accordance with an exemplary embodiment.

[0012] FIG. 7 illustrates vicinity coupling of a transmitter and a receiver in a wireless

power transmission system, in accordance with an exemplary embodiment.

[0013] FIG. 8A illustrates a wireless power transmission system configured as a wireless

desktop, in accordance with an exemplary embodiment.

[0014] FIG. 8B illustrates a cutaway illustration of the various transmit, receive and

passive energy relay antennas associated with the wireless power transmission system

illustrated in FIG. 8A.

[0015] FIG. 9 illustrates a wireless power transmission system configured as a wireless

desktop, in accordance with another exemplary embodiment.

[0016] FIG. 10 illustrates a wireless power transmission system configured as a wireless

power pad, in accordance with an exemplary embodiment.

[0017] FIG. 11 illustrates a wireless power transmission system configured as a wireless

power pad, in accordance with another exemplary embodiment.

[0018] FIG. 12 illustrates a wireless power transmission system configured as a wireless

power pad, in accordance with yet another exemplary embodiment.



[0019] FIG. 13 illustrates a flowchart of a method for transmitting wireless power, in

accordance with an exemplary embodiment.

DETAILED DESCRIPTION

[0020] The word "exemplary" is used herein to mean "serving as an example, instance, or

illustration." Any embodiment described herein as "exemplary" is not necessarily to be

construed as preferred or advantageous over other embodiments.

[0021] The detailed description set forth below in connection with the appended drawings

is intended as a description of exemplary embodiments of the present invention and is not

intended to represent the only embodiments in which the present invention can be

practiced. The term "exemplary" used throughout this description means "serving as an

example, instance, or illustration," and should not necessarily be construed as preferred or

advantageous over other exemplary embodiments. The detailed description includes

specific details for the purpose of providing a thorough understanding of the exemplary

embodiments of the invention. It will be apparent to those skilled in the art that the

exemplary embodiments of the invention may be practiced without these specific details.

In some instances, well-known structures and devices are shown in block diagram form in

order to avoid obscuring the novelty of the exemplary embodiments presented herein.

[0022] The term "wireless power" is used herein to mean any form of energy associated

with electric fields, magnetic fields, electromagnetic fields, or otherwise that is

transmitted from a transmitter to a receiver without the use of physical electromagnetic

conductors. Power conversion in a system is described herein to wirelessly charge

devices including, for example, mobile phones, cordless phones, iPod, MP3 players,

headsets, etc.. Generally, one underlying principle of wireless energy transfer includes

magnetic coupled resonance (i.e., resonant induction) using frequencies, for example,

below 30 MHz. However, various frequencies may be employed including frequencies

where license-exempt operation at relatively high radiation levels is permitted, for

example, at either below 135 kHz (LF) or at 13.56 MHz (HF). At these frequencies

normally used by Radio Frequency Identification (RFID) systems, systems must comply

with interference and safety standards such as EN 300330 in Europe or FCC Part 15 norm

in the United States. By way of illustration and not limitation, the abbreviations LF and

HF are used herein where "LF" refers to/ 0=135 kHz and "HF" to refers to/ 0=13.56 MHz.

[0023] FIG. 1 illustrates wireless power transmission system 100, in accordance with

various exemplary embodiments. Input power 102 is provided to a transmitter 104 for



generating a magnetic field 106 for providing energy transfer. A receiver 108 couples to

the magnetic field 106 and generates an output power 110 for storing or consumption by a

device (not shown) coupled to the output power 110. Both the transmitter 104 and the

receiver 108 are separated by a distance 112. In one exemplary embodiment, transmitter

104 and receiver 108 are configured according to a mutual resonant relationship and

when the resonant frequency of receiver 108 and the resonant frequency of transmitter

104 are matched, transmission losses between the transmitter 104 and the receiver 108 are

minimal when the receiver 108 is located in the "near-field" of the magnetic field 106.

[0024] Transmitter 104 further includes a transmit antenna 114 for providing a means for

energy transmission and receiver 108 further includes a receive antenna 118 for providing

a means for energy reception or coupling. The transmit and receive antennas are sized

according to applications and devices to be associated therewith. As stated, an efficient

energy transfer occurs by coupling a large portion of the energy in the near-field of the

transmitting antenna to a receiving antenna rather than propagating most of the energy in

an electromagnetic wave to the far-field. In this near-field, a coupling may be established

between the transmit antenna 114 and the receive antenna 118. The area around the

antennas 114 and 118 where this near-field coupling may occur is referred to herein as a

coupling-mode region.

[0025] FIG. 2 shows a simplified schematic diagram of a wireless power transmission

system. The transmitter 104, driven by input power 102, includes an oscillator 122, a

power amplifier 124 and a filter and matching circuit 126. The oscillator is configured to

generate a desired frequency, which may be adjusted in response to adjustment signal

123. The oscillator signal may be amplified by the power amplifier 124 with an

amplification amount responsive to control signal 125. The filter and matching circuit

126 may be included to filter out harmonics or other unwanted frequencies and match the

impedance of the transmitter 104 to the transmit antenna 114.

[0026] The receiver 108 may include a matching circuit 132 and a rectifier and switching

circuit 134 to generate a DC power output to charge a battery 136 as shown in FIG. 2 or

power a device coupled to the receiver (not shown). The matching circuit 132 may be

included to match the impedance of the receiver 108 to the receive antenna 118.

[0027] As illustrated in FIG. 3, antennas used in exemplary embodiments may be

configured as a "loop" antenna 150, which may also be referred to herein as a

"magnetic," "resonant" or a "magnetic resonant" antenna. Loop antennas may be

configured to include an air core or a physical core such as a ferrite core. Furthermore, an



air core loop antenna allows the placement of other components within the core area. In

addition, an air core loop may more readily enable placement of the receive antenna 118

(FIG. 2) within a plane of the transmit antenna 114 (FIG. 2) where the coupled-mode

region of the transmit antenna 114 (FIG. 2) may be more effective.

[0028] As stated, efficient transfer of energy between the transmitter 104 and receiver

108 occurs during matched or nearly matched resonance between the transmitter 104 and

the receiver 108. However, even when resonance between the transmitter 104 and

receiver 108 are not matched, energy may be transferred at a lower efficiency. Transfer

of energy occurs by coupling energy from the near-field of the transmitting antenna to the

receiving antenna residing in the neighborhood where this near-field is established rather

than propagating the energy from the transmitting antenna into free space.

[0029] The resonant frequency of the loop antennas is based on the inductance and

capacitance. Inductance in a loop antenna is generally the inductance created by the loop,

whereas, capacitance is generally added to the loop antenna's inductance to create a

resonant structure at a desired resonant frequency. As a non-limiting example, capacitor

152 and capacitor 154 may be added to the antenna to create a resonant circuit that

generates a sinusoidal or quasi-sinusoidal signal 156. Accordingly, for larger diameter

loop antennas, the size of capacitance needed to induce resonance decreases as the

diameter or inductance of the loop increases. Furthermore, as the diameter of the loop

antenna increases, the efficient energy transfer area of the near-field increases for

"vicinity" coupled devices. Of course, other resonant circuits are possible. As another

non-limiting example, a capacitor may be placed in parallel between the two terminals of

the loop antenna. In addition, those of ordinary skill in the art will recognize that for

transmit antennas the resonant signal 156 may be an input to the loop antenna 150.

[0030] Exemplary embodiments of the invention include coupling power between two

antennas that are in the near-fields of each other. As stated, the near-field is an area

around the antenna in which electromagnetic fields exist but may not propagate or radiate

away from the antenna. They are typically confined to a volume that is near the physical

volume of the antenna. In the exemplary embodiments of the invention, antennas such as

single and multi-turn loop antennas are used for both transmit (Tx) and receive (Rx)

antenna systems since most of the environment possibly surrounding the antennas is

dielectric and thus has less influence on a magnetic field compared to an electric field.

Furthermore, antennas dominantly configured as "electric" antennas (e.g., dipoles and

monopoles) or a combination of magnetic and electric antennas is also contemplated.



[0031] The Tx antenna can be operated at a frequency that is low enough and with an

antenna size that is large enough to achieve good coupling efficiency (e.g.,> 10%) to a

small Rx antenna at significantly larger distances than allowed by far-field and inductive

approaches mentioned earlier. If the Tx antenna is sized correctly, high coupling

efficiencies (e.g., 30%) can be achieved when the Rx antenna on a host device is placed

within a coupling-mode region (i.e., in the near-field or a strongly coupled regime) of the

driven Tx loop antenna

[0032] The various exemplary embodiments disclosed herein identify different coupling

variants which are based on different power conversion approaches, and the transmission

range including device positioning flexibility (e.g., close "proximity" coupling for

charging pad solutions at virtually zero distance or "vicinity" coupling for short range

wireless power solutions). Close proximity coupling applications (i.e., strongly coupled

regime, coupling factor typically k > 0.1) provide energy transfer over short or very short

distances typically in the order of millimeters or centimeters depending on the size of the

antennas. Vicinity coupling applications (i.e., loosely coupled regime, coupling factor

typically k < 0.1) provide energy transfer at relatively low efficiency over distances

typically in the range from 10 cm to 2 m depending on the size of the antennas.

[0033] As described herein, "proximity" coupling and "vicinity" coupling may require

different matching approaches and may be considered as different methods of matching

the power source/sink to the antenna/coupling network. Moreover, the various exemplary

embodiments provide system parameters, design targets, implementation variants, and

specifications for both LF and HF applications and for the transmitter and receiver. Some

of these parameters and specifications may vary, as required for example, to better match

with a specific power conversion approach. System design parameters may include

various priorities and tradeoffs. Specifically, transmitter and receiver subsystem

considerations may include high transmission efficiency, low complexity of circuitry

resulting in a low-cost implementation.

[0034] FIG. 4 illustrates a functional block diagram of a wireless power transmission

system configured for direct field coupling between a transmitter and a receiver, in

accordance with an exemplary embodiment. Wireless power transmission system 200

includes a transmitter 204 and a receiver 208. Input power Pτχm is provided to

transmitter 204 for generating a predominantly non-radiative field with direct field

coupling k 206 for providing energy transfer. Receiver 208 directly couples to the non-

radiative field 206 and generates an output power PRχout for storing or consumption by a



battery or load 236 coupled to the output port 210. Both the transmitter 204 and the

receiver 208 are separated by a distance. In one exemplary embodiment, transmitter 204

and receiver 208 are configured according to a mutual resonant relationship and when the

resonant frequency, fo, of receiver 208 and the resonant frequency of transmitter 204 are

matched, transmission losses between the transmitter 204 and the receiver 208 are

minimal while the receiver 208 is located in the "near-field" of the radiated field

generated by transmitter 204.

[0035] Transmitter 204 further includes a transmit antenna 214 for providing a means for

energy transmission and receiver 208 further includes a receive antenna 218 for providing

a means for energy reception. Transmitter 204 further includes a transmit power

conversion unit 220 at least partially function as an AC-to-AC converter. Receiver 208

further includes a receive power conversion unit 222 at least partially functioning as an

AC-to-DC converter.

[0036] FIG. 5 illustrates a functional block diagram of a wireless power transmission

system configured for indirect field coupling between a transmitter, a passive energy

relay and a receiver, in accordance with an exemplary embodiment. Wireless power

transmission system 300 includes a transmitter 304, a passive energy relay (parasitic

resonant tank or passive resonant tank) 312 and a receiver 308. Input power Pτχm is

provided to transmitter 304 for generating a predominantly non-radiative field with field

coupling k 306 for providing energy transfer to passive energy relay 312 which generates

a predominantly non-radiative field with field coupling 307 to receiver 308. Receiver

308 couples to the non-radiative field generated by passive energy relay 312 and

generates an output power PRχout for storing or consumption by a battery or load 336

coupled to the output port 310.

[0037] Each of the transmitter 304, passive energy relay 312 and the receiver 308 are

separated by a distance. In one exemplary embodiment, transmitter 304 and passive

energy relay 312 are configured according to a mutual resonant relationship and when the

resonant frequency, fo, of passive energy relay 312 and the resonant frequency of

transmitter 304 are matched, transmission losses between the transmitter 304 and the

passive energy relay 312 are minimal while the passive energy relay 312 is located in the

"near-field" of the radiated field generated by transmitter 304. Furthermore, passive

energy relay 312 and receiver 308 are configured according to a mutual resonant

relationship and when the resonant frequency, fo, of receiver 308 and the resonant

frequency of passive energy relay 312 are matched, transmission losses between the



passive energy relay 312 and the receiver 308 are minimal while the receiver 308 is

located in the "near-field" of the radiated field generated by passive energy relay 312.

[0038] Transmitter 304 further includes a transmit antenna 3 14 for providing a means for

energy transmission, passive energy relay 312 further includes a parasitic tank 316 for

providing a means for passively relaying energy, and receiver 308 further includes a

receive antenna 318 for providing a means for energy reception. Transmitter 304 further

includes a transmit power conversion unit 320 at least partially function as an AC-to-AC

converter. Receiver 308 further includes a receive power conversion unit 322 at least

partially functioning as an AC-to-DC converter.

[0039] Accordingly, highly resonant structures (i.e., high Q antennas) transfer energy

from at least one energy source to at least one energy sink either directly, as in FIG. 4, or

via one or more passive energy relays, as in FIG. 5. Furthermore, coupling may be via an

electric or magnetic field, with the magnetic field exhibiting lower interaction with non-

metallic objects as typically being present in the neighborhood of a system. As stated,

resonant structures are electrically small (compared to wavelength) and, therefore, are

substantially non-radiating with regard to electromagnetic waves and power loss.

[0040] Energy transmission may occur at a single frequency with substantially a non-

modulated, non-pulsed high frequency carrier, which may be substantially harmonic.

Furthermore, frequency selection may be based on various factors including reduction in

risk of harmful interference to sensitive radio and non-radio systems particularly with

respect to safety and security critical devices such as medical devices, etc. and to the host

devices this technology will be integrated into. Additional frequency selection factors

may include frequency selection to enable use of very high Q resonant systems and

frequency selection to fit into very narrow frequency masks in ISM frequency bands (e.g.,

at 6.78 MHz and at 13.56 MHz) dedicated to power carrier transmission to short range

devices.

[0041] Generally, energy transfer to receivers works in all directions/angles as seen from

the transmit antenna, provided that receive or transmit antenna is favorably oriented. One

realization of coupled magnetic resonance (or resonant induction) uses capacitively

loaded, electrically conducting, single or multi turn loops forming a resonant L-C tank

circuit with the loop/coil as a reactor and capacitor as anti-reactor. The loop coil may

include ferromagnetic or ferrimagnetic materials. Other implementations may also

include a magneto-mechanical system resonant at the operating frequency, for example,

in the receiver.



[0042] FIG. 6 illustrates a functional block diagram of a first coupling variant between

transmit and receive antennas, in accordance with an exemplary embodiment. The

coupling variant 350 of FIG. 6 illustrates a "vicinity" coupling variant and may be used to

couple to a high-Q resonant tank circuit used for "vicinity" coupling. Coupling variant

350 transforms impedances to match with power conversion circuitry resulting in an

improved or high transfer efficiency. Specifically, coupling variant 350 includes a

transmit antenna 352 configured to resonate and a resonant frequency and a receive

antenna 354 configured to resonate at the same resonant frequency.

[0043] Transmit antenna 352 includes a high-Q tank resonator 356, including capacitor

Ci and inductor L1, . Receive antenna 354 includes a high-Q tank resonator 358,

including capacitor C2 and inductor L2,.. Vicinity coupling applications (i.e., loosely

coupled regime with a coupling factor typically k < 0.1) provide energy transfer at

relatively low efficiency over distances typically in the range from 10 cm to 2 m

depending on the size of the antennas.

[0044] FIG. 7 illustrates a functional block diagram of a second coupling variant between

transmit and receive antennas, in accordance with an exemplary embodiment. The

coupling variant 380 of FIG. 7 illustrates a "proximity" coupling variant, in accordance

with an exemplary embodiment. Coupling variant 380 includes coupled series tank

circuits includes the transmit antenna 352 and the receive antenna 354 of FIG. 6,

including the transmit antenna 352 including the high-Q tank resonator 356, including

capacitor Ci and inductor L1, and the receive antenna 354 including the high-Q tank

resonator 358, including capacitor C and inductor L2, . Close proximity coupling

applications (i.e., strongly coupled regime with a coupling factor typically > 0.1)

provide energy transfer over short or very short distances d typically in the order of

millimeters or centimeters, depending on the size of the antennas.

[0045] Generally, wireless power transfer according to resonant induction is improved by

determining an optimum load resistance resulting in maximized transfer efficiency for

given antenna parameters (e.g., unloaded Q-factors, L-C ratios, and transmitter source

impedance). The optimum loading depends on coupling factor k . Conversely, there exists

an optimum receive L-C ratio or load transformation maximizing efficiency for a given

load resistance.

[0046] By way of exemplary calculation, the Q factor resulting when loaded with the

optimum load resistance is called optimum loaded Q. In a loosely coupled regime

(vicinity), the optimum loaded receive Q is generally lower but close to half of the



unloaded receive Q, while in a strongly coupled regime (proximity), the optimum loaded

Q is substantially lower than the unloaded receive Q.

[0047] Therefore, for the vicinity variant, assuming optimum loading, low efficiency,

distance larger than antenna diameters but smaller than near-field range j 2π , the antenna

transfer efficiency can be approximately expressed as function of distance, where:

Equation 1

Where rA t and A r denote equivalent radii, Qt a.nd Q r unloaded Q-factors of transmit

and receive antenna, respectively. Alternatively, efficiency may also be expressed as

function of coupling factor k and unloaded Q-factors, where:

IA ) = T Equation 2

[0048] Equation 1 shows that distance effect (power of 6) can be compensated for by

increasing transmit antenna radius or receive antenna radius or both or by increasing the

Q-factors. To a certain extent, and as long as above assumption holds, low performance

of small receive antennas can be outweighed with a large transmit antenna, which is

beneficial to long range or wide area systems. Equation 1 also indicates that magnetic

field strength rapidly decreases with increasing distance from transmit antenna

(evanescent field), which is desirable with regard to radiation exposure and interference.

[0049] Since Equation 1 is not a function of frequency, Equation 1 is not determinative of

optimum frequency. For frequency determination, one selection process may be based

upon the frequency where highest Q-value can be achieved. Various contributing factors

may include antenna form factor constraints, integration issues, and environmental

effects.

[0050] Therefore, for the proximity variant, assuming optimum loading and high

efficiency, the antenna transfer efficiency can be approximately expressed as function of

coupling factor and unloaded Q, where:

Equation 3

[0051] Equation 3 illustrates that a high unloaded Q-value correlates to efficiency

approaching 100% also in a strongly coupled regime (e.g. in a charging pad solution). It

should be noted herein that efficiency has been defined as ratio of power output at receive



antenna port to power input at transmit antenna port, antenna including anti-reactor for

resonance, coupling, and any impedance transformation.

[0052] Table 1 lists exemplary frequency bands that have been identified as candidate

frequencies for wireless transfer of electrical energy using coupled magnetic resonance.

These frequency bands permit, for example, license exempt use at relatively high

emission levels such as presently needed for short range devices (e.g. RFID systems).

These exemplary frequency bands and their maximum permissible radiation levels are

defined by ECC in EN 300330 [1] and in corresponding FCC norm. For systems

primarily based on magnetic field coupling, magnetic field strength limits generally

apply.

Table 1

[0053] By way of example, a generated H-field strength at LF may be 10 times (20 dB)

higher than at HF2 to transfer same amount of power under same conditions. Though this

does not seem reflected by the norm, the bands LF and HF2 are about equivalent with

respect to their potential to transfer energy. This can be explained by the fact that the

distance where the HF2 limit applies is already in the far-field zone (d >Aj2π ) where field

decays only with 20 dB per decade, while LF measurement distance is in the near-field

where decay rate is 60 dB per decade. As a practical note, it has been found that HF

exhibits improved application with regard to integration of magnetic resonance into

electronic devices and particularly into mini devices (headsets, MP3 players, etc.).

Furthermore, for LF there exist further bands below 119 kHz for license exempt use at

high H-field strength levels. These bands that are mainly used by non- or semi-resonant

induction systems are considered less favorable for coupled magnetic resonance and

particularly with respect to integrated antenna performance.

[0054] Various applications of wireless power transmission have been proposed. One

application of wireless power transmission is disclosed in U.S. Patent Application No.



12/351,845 entitled "Wireless Desktop IT Environment" filed on January 11, 2009, the

disclosure of which, assigned to the assignee herein, is hereby incorporated by reference

in its entirety.

[0055] FIG. 8A illustrates a wireless power transmission system configured as a wireless

desktop and FIG. 8B illustrates a cutaway illustration of the various transmit, receive and

passive energy relay antennas associated with the wireless power transmission system

400. The wireless power transmission system 400 includes transmitters and receivers

providing wireless power to personal electronic devices (PEDs) as well as peripheral

devices without interconnection through power-conducting wired connections. In one

exemplary embodiment, the wireless energy transfer is based on coupled magnetic

resonance using antennas (loop coils) operating, for example, at one of a LF (e.g. 135

kHz) or at a HF (e.g. 13.56 MHz).

[0056] Wireless power transmission system 400 utilizes desktop space more efficiently

and reduces desktop wiring by incorporating transmit and receive antennas into various

physical elements of the wireless desktop. By way of example, a transmit antenna 402

may be integrated into any suitable host device that normally exists on a desktop such as

a pedestal 404 of host device (monitor) 406. Similarly, a transmit antenna 408 may be

integrated into a pedestal 410 of host device (lamp) 412. The transmitter (not shown)

including transmit antenna 402, 408 may be powered directly from the 110/230 VAC

mains voltage through wired power interfaces 414, 416 already existing in this host

device 406, 412, thus not requiring an extra wired power interfaces 414, 416.

[0057] In one exemplary embodiment, the transmit antenna 402, 408 is embedded in the

pedestal 404, 410 of a monitor 406 or a lamp 412. The pedestal 404, 410 may be disk-

shaped embedding a circular wire loop antenna 402, 408 generating a fountain-shaped

magnetic field 418, 420. Field 418, 420 may be generally vertically polarized at any

position on the desktop in a plane of receive antennas 422-432 favoring coplanar

orientation of receive antennas 422-432 integrated in wireless-power-enabled devices

434, 436. Coplanar orientation is considered more suitable for wire loop antennas

integrated into a keyboard device 436, mouse device 434, and into many other electronic

devices such as PEDs 438 (e.g., mobile phones, MP3 players, PDAs, etc.) if placed in a

devices conventional orientation on the desktop.

[0058] In general, there may be more than one transmitter including transmit antenna on

a desktop and power will be received from the transmit antenna that is dominant.

Furthermore, a transmit antenna 402, 408 in a base such as pedestal 404, 410 may form a



"power base" 440, 442 to provide an area to place devices such as PEDs 438 directly on

the transmit antenna 402, 408 resulting in improved coupling, thus enabling high power

transfer at high efficiency (close proximity coupling). Generally more than one device

may be placed on such a power base depending on the area of the pad and the design of

the transmitter.

[0059] Low power devices with long battery autonomy like a keyboard 436 or a

computer mouse 434 may be placed in the proximity or vicinity of a power base

(proximity or vicinity coupling). Furthermore, available power and transfer efficiency for

these devices will be lower when other devices are additionally placed on the power base

thus further loading the wireless power transmission system.

[0060] Though magnetic field strength in the vicinity of a power base will be below

safety critical levels, a power base may additionally provide a function to automatically

reduce magnetic field strength if a human is approaching. This function may use infrared

or microwave person detection and can be activated by users that feel uncomfortable in

presence of magnetic fields. Having activated this function, devices in its vicinity will

essentially receive power during absence of humans.

[0061] FIG. 9 illustrates a wireless power transmission system configured as a wireless

desktop. A wireless power transmission system 450 including a passive energy relay

(parasitic antenna) 452 for expanding the resonant structure to cover a larger portion of

the desktop area. Passive energy relay 452 may be configured, for example, beneath the

desk, or integrated into the desk surface, or, alternatively, configured on the desk surface

in the form of a flat structure such as a desk mat.

[0062] The wireless power transmission system 450 further includes transmitter 454

including a transmit antenna 456 which may be further integrated into a power base 440,

442 or FIG. 8A. Passive energy relay 452 when excited by transmitter 454 may provide

appreciable performance and efficiency improvement of wireless desktop powering and

charging. Excitation of passive energy relay 452 by transmitter 454 provides a

convenience and safety benefit by not requiring integration of any main AC power to be

supplied to other peripheral devices.

[0063] FIG. 10 illustrates a wireless power transmission system configured as a wireless

power pad, in accordance with an exemplary embodiment. The wireless power

transmission system 500 includes a transmitter and one or more receivers providing

wireless power to wireless powered devices, including personal electronic devices (PEDs)

as well as peripheral devices, without interconnection through power-conducting wired



connections. In one exemplary embodiment, the wireless energy transfer is based on

coupled magnetic resonance using antennas (loop coils) operating, for example, at one of

a LF (e.g. 135 kHz) or at a HF (e.g. 13.56 MHz).

[0064] Wireless power transmission system 500 illustrates a wireless powering/charging

configuration for a wireless powered device 502 including a receiver 108 (FIG. 2),

illustrated herein as a wireless powered computer mouse. Wireless power transmission

system 500 further includes a transmitter 504 including transmit circuitry 506 and a

transmit antenna 508 coupled together by a feeder cable 510. Transmit antenna 508 may

be integrated into a portable substrate such as a portable mat 510 and may have a

thickness of a few millimeters. Transmit antenna 508 and portable mat 510 form a

portable power base 512. Portable power base 512 may also be known as a "charging

pad" or a wireless power "mouse pad." The transmit antenna 508 is substantially

disposed around the perimeter of a charging area of the charging pad.

[0065] Transmit antenna 508 is driven by transmit circuitry 506 including a transmit

power conversion circuit 220 (FIG. 4), which may include an AC-to-high frequency AC

converter or a DC-to-high frequency AC converter that may be DC supplied through a

wired connection over feeder cable 514 from a USB port as conventionally available such

as from personal computers or related peripherals. The transmit circuitry 506 may also

incorporate the transceiver/receiver for a mouse wireless data link (not shown)

[0066] FIG. 11 illustrates a wireless power transmission system configured as a wireless

power pad, in accordance with another exemplary embodiment. The wireless power

transmission system 550 includes a transmitter and one or more receivers providing

wireless power to wireless powered devices, including personal electronic devices (PEDs)

as well as peripheral devices, without interconnection through power-conducting wired

connections. In one exemplary embodiment, the wireless energy transfer is based on

coupled magnetic resonance using magnetic field antennas (loop coils) operating, for

example, at one of a LF (e.g. 135 kHz) or at a HF (e.g. 13.56 MHz).

[0067] Wireless power transmission system 550 illustrates a wireless powering/charging

configuration for a wireless powered device 552 including a receiver 108 (FIG. 2),

illustrated herein as a wireless powered computer mouse. Wireless power transmission

system 550 further includes a transmitter 554 including transmit circuitry 556 and a

transmit antenna 558 integrated with the transmit circuitry 556. Wireless power

transmission system 550 further includes a passive energy relay (parasitic antenna) 564

which is excited by transmitter 554. Passive energy relay 564 may be integrated into a



portable substrate such as a portable mat 560 and may have a thickness of a few

millimeters. Passive energy relay 564 and portable mat 560 form a portable power base

562. Portable power base 562 may also be known as a "charging pad" or a wireless

power "mouse pad." The passive energy relay 564 (e.g., magnetic resonance antenna) is

substantially disposed around the perimeter of a charging area of the charging pad.

[0068] In wireless power transmission system 550, a wired connection over feeder cable

566 is provided to transmitter 554 which is placed on the portable mat 560 to case

resonance excitation to form an operational power base 562. Furthermore, the power

base 562 may also be excited from separate transmitter exterior to the power base 562.

The transmitter 554 may also be configured in a USB plug-in configuration. The

transmitter 554 may also incorporate a transceiver/receiver (not shown) for a wireless

data link of device (e.g., mouse) 552.

[0069] FIG. 12 is a perspective view illustrating a wireless power transmission system

configured as a wireless power pad, in accordance with yet another exemplary

embodiment. The wireless power transmission system 600 includes a transmitter and one

or more receivers providing wireless power to wireless powered devices, including

personal electronic devices (PEDs) as well as peripheral devices, without interconnection

through power-conducting wired connections. In one exemplary embodiment, the

wireless energy transfer is based on coupled magnetic resonance using magnetic field

antennas (loop coils) operating, for example, at one of a LF (e.g. 135 kHz) or at a HF

(e.g. 13.56 MHz).

[0070] Wireless power transmission system 600 illustrates a wireless powering/charging

configuration for a wireless powered device 602 including a receiver 108 (FIG. T),

illustrated herein as a wireless powered/rechargeable novelty or toy. Wireless power

transmission system 600 further includes a transmitter 604 including transmit circuitry

606 and a transmit antenna 608 coupled together by a feeder cable 610. Transmit antenna

608 may be integrated into a portable substrate such as a portable mat 622 and may have

a thickness of a few millimeters. Transmit antenna 608 and portable mat 622 form a

portable power base 612. Portable power base 612 may also be known as a "charging

pad." The transmit antenna 608 is substantially disposed around the perimeter of a

charging area of the charging pad.

[0071] Transmit antenna 608 is driven by transmit circuitry 606 including a transmit

power conversion circuit 220 (FIG. 4), which may include an AC-to-high frequency AC

converter supplied by AC main power or a DC-to-high frequency AC converter that may



be DC supplied from a USB port as conventionally available such as from personal

computers or related peripherals.

[0072] Wireless powered device 602 may further include a receiver 616 including a

receive antenna 614 and receiver circuitry 618. Receive antenna may be advantageously

located on wireless powered device 602 to provide favorable proximity coupling with

transmit antenna 608. The receive antenna 614 may be formed substantially about a

physical interface (e.g., helicopter landing skids) of the wireless powered device 602 with

the charging pad. Furthermore, receiver circuitry 618, including a rectifier 134 (FIG. 2),

may be arranged on an assembly with capacitor C2 of receive antenna 614. Receiver

circuitry 618 may also be advantageously located to allow a feeder cable 620 to provide

DC power to wireless powered device 602. With respect to wireless powered devices

where device weight is an issue, such as flying vehicle applications, a higher frequency

(e.g., 13.56 MHz) enables a lighter weight implementation over lower frequency

embodiments.

[0073] FIG. 13 illustrates a flowchart of a method for transmitting wireless power, in

accordance with an exemplary embodiment. Method 700 for transmitting wireless power

is supported by the various structures and circuits described herein. Method 700 includes

a step 702 for coupling a resonant frequency signal over a feeder cable. Method 700

further includes a step 704 for generating a magnetic near-field about a charging pad

including a antenna for coupling of wireless power to a wireless powered device in

response to the resonant frequency signal received over the feeder cable.

[0074] Those of skill in the art would understand that control information and signals

may be represented using any of a variety of different technologies and techniques. For

example, data, instructions, commands, information, signals, bits, symbols, and chips that

may be referenced throughout the above description may be represented by voltages,

currents, electromagnetic waves, magnetic fields or particles, optical fields or particles, or

any combination thereof.

[0075] Those of skill would further appreciate that the various illustrative logical blocks,

modules, circuits, and algorithm steps described in connection with the embodiments

disclosed herein may be implemented as electronic hardware, and controlled by computer

software, or combinations of both. To clearly illustrate this interchangeability of

hardware and software, various illustrative components, blocks, modules, circuits, and

steps have been described above generally in terms of their functionality. Whether such

functionality is implemented and controlled as hardware or software depends upon the



particular application and design constraints imposed on the overall system. Skilled

artisans may implement the described functionality in varying ways for each particular

application, but such implementation decisions should not be interpreted as causing a

departure from the scope of the exemplary embodiments of the invention.

[0076] The various illustrative logical blocks, modules, and circuits described in

connection with the embodiments disclosed herein may be controlled with a general

purpose processor, a Digital Signal Processor (DSP), an Application Specific Integrated

Circuit (ASIC), a Field Programmable Gate Array (FPGA) or other programmable logic

device, discrete gate or transistor logic, discrete hardware components, or any

combination thereof designed to perform the functions described herein. A general

purpose processor may be a microprocessor, but in the alternative, the processor may be

any conventional processor, controller, microcontroller, or state machine. A processor

may also be implemented as a combination of computing devices, e.g., a combination of a

DSP and a microprocessor, a plurality of microprocessors, one or more microprocessors

in conjunction with a DSP core, or any other such configuration.

[0077] The control steps of a method or algorithm described in connection with the

embodiments disclosed herein may be embodied directly in hardware, in a software module

executed by a processor, or in a combination of the two. A software module may reside in

Random Access Memory (RAM), flash memory, Read Only Memory (ROM), Electrically

Programmable ROM (EPROM), Electrically Erasable Programmable ROM (EEPROM),

registers, hard disk, a removable disk, a CD-ROM, or any other form of storage medium

known in the art. An exemplary storage medium is coupled to the processor such that the

processor can read information from, and write information to, the storage medium. In the

alternative, the storage medium may be integral to the processor. The processor and the

storage medium may reside in an ASIC. The ASIC may reside in a user terminal. In the

alternative, the processor and the storage medium may reside as discrete components in a

user terminal.

[0078] In one or more exemplary embodiments, the control functions described may be

implemented in hardware, software, firmware, or any combination thereof. If

implemented in software, the functions may be stored on or transmitted over as one or

more instructions or code on a computer-readable medium. Computer-readable media

includes both computer storage media and communication media including any medium

that facilitates transfer of a computer program from one place to another. A storage

media may be any available media that can be accessed by a computer. By way of



example, and not limitation, such computer-readable media can comprise RAM, ROM,

EEPROM, CD-ROM or other optical disk storage, magnetic disk storage or other

magnetic storage devices, or any other medium that can be used to carry or store desired

program code in the form of instructions or data structures and that can be accessed by a

computer. Also, any connection is properly termed a computer-readable medium. For

example, if the software is transmitted from a website, server, or other remote source

using a coaxial cable, fiber optic cable, twisted pair, digital subscriber line (DSL), or

wireless technologies such as infrared, radio, and microwave, then the coaxial cable, fiber

optic cable, twisted pair, DSL, or wireless technologies such as infrared, radio, and

microwave are included in the definition of medium. Disk and disc, as used herein,

includes compact disc (CD), laser disc, optical disc, digital versatile disc (DVD), floppy

disk and blu-ray disc where disks usually reproduce data magnetically, while discs

reproduce data optically with lasers. Combinations of the above should also be included

within the scope of computer-readable media.

The previous description of the disclosed exemplary embodiments is provided to

enable any person skilled in the art to make or use the present invention. Various

modifications to these exemplary embodiments will be readily apparent to those skilled in

the art, and the generic principles defined herein may be applied to other embodiments

without departing from the spirit or scope of the invention. Thus, the present invention is

not intended to be limited to the embodiments shown herein but is to be accorded the

widest scope consistent with the principles and novel features disclosed herein.



CLAIMS

What is claimed is:

1. A portable wireless power charger, comprising:

a charging pad including an antenna configured to generate a magnetic near-field for

coupling of wireless power to a wireless powered device including a receiver, the

antenna substantially disposed around a perimeter of the charging pad; and

a feeder cable for coupling input power to the charging pad.

2. The portable wireless power charger of claim 1, wherein the antenna comprises a

transmit antenna configured to generate the magnetic near-field for direct coupling to a

wireless power receiver.

3. The portable wireless power charger of claim 2, further comprising transmit circuitry

configured to drive the transmit antenna and separated from the charging pad by the

feeder cable, the feeder cable configured to couple a resonant frequency signal between

the transmit circuitry and the transmit antenna.

4. The portable wireless power charger of claim 1, wherein the antenna comprises a

parasitic resonant tank.

5. The portable wireless power charger of claim 4, further comprising at transmit

antenna, configured to generate a magnetic near-field between the transmit antenna and

the parasitic resonant tank for transmission of wireless power from the transmit antenna

to the parasitic resonant tank.

6. The portable wireless power charger of claim 5, wherein the transmit antenna is

located to cause the parasitic resonant tank to resonate in response to a near-field

generated around the transmit antenna.

7. The portable wireless power charger of claim 5, further comprising transmit circuitry

configured to drive the transmit antenna and separated from the charging pad by the



feeder cable, the feeder cable configured to couple a signal different from the resonant

frequency signal between the transmit circuitry and the transmit antenna.

8. The portable wireless charger of claim 1, wherein the antenna is configured to resonate

at one of a substantially unmodulated radio frequency (RF).

9. The portable wireless charger of claim 8, wherein the substantially unmodulated RF

comprises one of a first frequency band between 119 kHz to 135 kHz, a second frequency

band between 6.765 MHz to 6.795 MHz and a third frequency band between 13.553 MHz

to 13.567 MHz.

10. The portable wireless charger of claim 1, wherein mains power is separated from the

charging pad by the feeder cable.

11. The portable wireless charger of claim 1, wherein the charging pad is configured as a

mouse pad for wirelessly powering a wireless powered device configured as a wireless

powered computer mouse.

12. The portable wireless charger of claim 1, wherein the charging pad is configured for

wirelessly powering a wireless powered device configured as a wireless

powered/rechargeable novelty.

13. A wireless power transmission system, comprising:

a portable wireless power charger comprising:

a charging pad including an antenna configured to generate a magnetic near-field,

the antenna substantially disposed around a perimeter of the charging pad;

and

a feeder cable for coupling input power to the charging pad; and

a wireless powered device comprising a receiver including a receive antenna, the receive

antenna formed substantially about a physical interface of the wireless powered

device with the charging pad.

14. A method for transmitting wireless power, comprising:

coupling a resonant frequency signal over a feeder cable; and



generating a magnetic near-field about a charging pad including an antenna for coupling

of wireless power to a wireless powered device in response to the resonant

frequency signal received over the feeder cable.

15. The method for transmitting wireless power of claim 14, wherein generating a

magnetic near-field comprises generating a magnetic near-field from a transmit antenna

responsive to the resonant frequency signal.

16. The method for transmitting wireless power of claim 14, wherein generating a

magnetic near-field comprises generating a magnetic near-field from a parasitic resonant

tank separately excited by a transmit antenna responsive to the resonant frequency signal.

17. The method for transmitting wireless power of claim 14, wherein coupling a resonant

frequency signal over a feeder cable further comprises spatially separating the antenna

from circuitry coupled to mains power.

18. A portable wireless power charger, comprising:

means for coupling a resonant frequency signal over a feeder cable; and

means for generating a magnetic near-field about a charging pad including an antenna for

coupling of wireless power to a wireless powered device in response to the

resonant frequency signal received over the feeder cable.

19. The portable wireless power charger of claim 18, wherein the means for generating a

magnetic near-field comprises means for generating a magnetic near-field from a transmit

antenna responsive to the resonant frequency signal.

20. The portable wireless power charger of claim 18, wherein the means for generating a

magnetic near-field comprises means for generating a magnetic near-field from a parasitic

resonant tank separately excited by a transmit antenna responsive to the resonant

frequency signal.

21. The portable wireless power charger of claim 18, wherein the means for coupling a

resonant frequency signal over a feeder cable further comprises means for spatially

separating the antenna from circuitry coupled to mains power.
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