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[0001] Maximizing Power Yield from Wireless Power Magnetic

Resonators

[0002] This application claims priority from provisional

application number 60/972,181, filed September 13, 2007, the

entire contents of which disclosure is herewith incorporated

by reference.

BACKGROUND

[0003] It is desirable to transfer electrical energy from a

source to a destination without the use of wires to guide the

electromagnetic fields. A difficulty of previous attempts has

been low efficiency together with an inadequate amount of

delivered power.

[0004] Our previous applications and provisional applications,

including, but not limited to, US Patent application number

12/018,069, filed January 22, 2008, entitled "Wireless

Apparatus and Methods", the entire contents of the disclosure

of which is herewith incorporated by reference, describe

wireless transfer of power.

[0005] The system can use transmit and receiving antennas that

are preferably resonant antennas, which are substantially

resonant with a specified transmit or receive frequency, e.g.,

they have values that bring them within 5%, 10%, 15% or 20% of

resonance. The antenna (s) are preferably of a small size to

allow it to fit into a mobile, handheld device where the

available space for the antenna may be limited. An efficient



power transfer may be carried out between two antennas by

storing energy in the near field of the transmitting antenna,

rather than sending the energy into free space in the form of

a travelling electromagnetic wave. Antennas with high quality

factors can be used. Two high-Q antennas are placed such that

they react similarly to a loosely coupled transformer, with

one antenna inducing power into the other. The antennas

preferably have Qs that are greater than 1000.

Summary

[0006] The present application describes transfer of energy

from a power source to a power destination via electromagnetic

field coupling. An embodiment uses magneto-mechanical systems

for receiving the power. Embodiments describe techniques for

using micro-electro-mechanical systems or MEMS for forming the

magneto mechanical system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] These and other aspects will now be described in detail

with reference to the accompanying drawings, wherein:

[0008] Figure 1 shows a block diagram of a magnetic wave based

wireless power transmission system;

[0009] Figure 2 illustrates an MMS embodiment;

[0010] Figure 3 illustrates the flow of energy using an MMS

embodiment;

[0011] Figure 4 shows a block diagram; and



[0012] Figure 5 shows an array of MMS devices

DETAILED DESCRIPTION

[0013] A basic embodiment is shown in figure 1 . A power

transmitter assembly 100 receives power from a source, for

example, an AC plug 102. A frequency generator 104 is used to

couple the energy to an antenna 110, here a resonant antenna.

The antenna 110 includes an inductive loop 111, which is

inductively coupled to a high Q resonant antenna part 112. The

resonant antenna includes a number N of coil loops 113 each

loop having a radius RA . A capacitor 114, here shown as a

variable capacitor, is in series with the coil 113, forming a

resonant loop. In the embodiment, the capacitor is a totally

separate structure from the coil, but in certain embodiments,

the self capacitance of the wire forming the coil can form the

capacitance 114.

[0014] The frequency generator 104 can be preferably tuned to

the antenna 110, and also selected for FCC compliance.

[0015] This embodiment uses a multidirectional antenna. 115

shows the energy as output in all directions. The antenna 100

is non-radiative, in the sense that much of the output of the

antenna is not electromagnetic radiating energy, but is rather

a magnetic field which is more stationary. Of course, part of

the output from the antenna will in fact radiate.

[0016] Another embodiment may use a radiative antenna.



[0017] A receiver 150 includes a receiving antenna 155 placed

a distance D away from the transmitting antenna 110. The

receiving antenna is similarly a high Q resonant coil antenna

151 having a coil part and capacitor, coupled to an inductive

coupling loop 152. The output of the coupling loop 152 is

rectified in a rectifier 160, and applied to a load. That load

can be any type of load, for example a resistive load such as

a light bulb, or an electronic device load such as an

electrical appliance, a computer, a rechargeable battery, a

music player or an automobile.

[0018] The energy can be transferred through either electrical

field coupling or magnetic field coupling, although magnetic

field coupling is predominantly described herein as an

embodiment .

[0019] Electrical field coupling provides an inductively

loaded electrical dipole that is an open capacitor or

dielectric disk. Extraneous objects may provide a relatively

strong influence on electric field coupling. Magnetic field

coupling may be preferred, since extraneous objects in a

magnetic field have the same magnetic properties as "empty"

space .

[0020] The embodiment describes a magnetic field coupling

using a capacitively loaded magnetic dipole. Such a dipole is

formed of a wire loop forming at least one loop or turn of a

coil, in series with a capacitor that electrically loads the

antenna into a resonant state.



[0021] An embodiment forms a receiver from a magento

mechanical system. One embodiment uses Micro Electro-

Mechanical Systems (MEMS) to exploit their gyromagnetic

properties. An embodiment uses materials can be used to form

these magneto-mechanical systems .

[0022] MEMS is used herein to refer to any mechanical

structure that forms a mechanical structure of a size of

micrometers or less, e.g, using semiconductor processing

techniques. According to an embodiment, MEMS is used to form

switches, inductors, variable capacitors, reconf igurable

antennas and antenna parts, etc.

[0023] An embodiment imitates the gyromagnetic high-Q

resonance effect of YIG material , e.g. at lower frequencies.

This may be used for non-radiative wireless energy transfer.

[0024] Micro magneto-mechanical systems may be formed of a

plurality of micro permanent magnets each individually

rotatable on an axis. The plurality may be an array or

medium, of structures.

[0025] A first embodiment uses a Compass type MMS device. A

second embodiment uses a Torsion type MMS device.

[0026] The compass-type MMS has a medium formed of micro-

magnets that are biased (saturated) by applying a static

magnetic field H0. The system exhibits a ferromagnetic

resonance at a characteristic frequency defined by its

magnetization M 0 and the inertial moment Im of the

micromachined magnets and H 0.



[0027] The embodiment shown in Figure 2 uses a torsion-type

MMS with multiple micromagnets each supported by a torsional

beam. This embodiment does not include a static magnetic

field requirement . The system can be tuned to exhibit a

ferromagnetic resonance at a characteristic frequency defined

by the magnetization M 0 and the inertial moment Im of the

micro-magnets, and the spring constant of the torsional beam.

[0028] Figure 2 shows the basic principle of a torsion type

magneto mechanical system. An induction coil 200 is used to

convert the kinetic energy into electrical energy. This

induction coil 200 is under the influence of an external

alternating magnetic field 205. The applied magnetic dipole

moment causes a moment of:

[0029] T (t) = M(t) x B (t)

[0030] This causes a magnetically oscillating bar magnet in

producing the voltage in the surrounding coil 200 using the

dynamo principle. A spiral spring 215 may represent the

torsional beam.

[0031] In the context of power transmission, compass-type or

torsion-type MEMS may be considered as

[0032] a Ferrite that magnifies the alternating magnetic

flux through the antenna wire loop (coil) preferably at the

resonance frequency,

[0033] a . high-Q resonator coupled to the transmitter via

the magnetic field (the driving force is Lorentz force in



contrast to L-C-type resonators based on the induction law,

and/or

[0034] • a dynamo remotely driven by the transmitter through

the magnetic field converting kinetic energy into electric

energy .

[0035] In an embodiment, the beam 210 is radially symmetrical,

e.g., sphere or disk shaped.

[0036] A wireless energy transfer system with a 'dynamo'

receiver can carry out a system according to the diagram of

Figure 3 . The transmitter 300 converts electric energy 302 to

magnetic energy 304. The magnetic energy 304 is received in a

dynamo receiver and converted to kinetic energy 306. The

kinetic energy is converted back to electric energy and used

at the receiver.

[0037] Figure 4 shows an embodiment where a transmit loop 400

creates a magnetic field shown generally as 405.

[0038] A dynamo receiver 410 remains within the area o f the

magnetic field 405. The dynamo receiver includes a moving

magnet 415. That moving magnet may use a non resonant

ferromagnetic system, resonant gyro magnetism, and/or a

magneto mechanical system e.g. a resonant system. According

to an embodiment, the magnet has no dimension that is larger

than 10 urn, more preferably none less than 5 urn or 1 urn.

[0039] The output o f the moving magnet creates a magnified

magnetic flux 420. The flux can b e expressed as Φ(t) .



[0040] One problem noted in using the magnetic flux in such a

moving is that the high amount of stored energy/ reactive

power in these magnets.
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[0041]

[0042] According to an embodiment, an array of

micromechanical structures, is used as shown in Figure 5 . The

array can be of any shape, e.g., a two dimensional array or a

one dimensional array, or a circular array. In an embodiment,

the entire array fits within a volume of approximately 2cm 3 .

A number of micromechanical structures such as 500, 501 is

arranged in this array.

[0043] Figure 5 shows the array 500, 501 of mechanically

oscillating magnets and a single coil 505 wound around that

array. Movement of the magnets transforms the kinetic

oscillatory energy into electrical energy. The system exhibits

a resonance that is defined by the mechanical parameters of

each elementary oscillator. An external capacitor 510 added to

the pick-up coil 505 is used to maintain the LC constant of

this system at resonance. The power output is illustrated as

a summation of all the outputs of all the magnets at 520.



[0044] The above has described using MEMS to form an array of

micro sized magnetomechanical systems. Other kinds of

miniature magnets, however, can alternatively be used for this

purpose .

[0045] Although only a few embodiments have been disclosed in

detail above, other embodiments are possible and the inventors

intend these to be encompassed within this specification. The

specification describes specific examples to accomplish ~ more

general goal that may be accomplished in another way. This

disclosure is intended to be exemplary, and the claims are

intended to cover any modification or alternative which might

be predictable to a person having ordinary skill in the art .

For example, other sizes, materials and connections can be

used. Although the coupling part of some embodiments of the

antenna is shown as a single loop of wire, it should be

understood that this coupling part can have multiple wire

loops. Other embodiments may use similar principles of the

embodiments and are equally applicable to primarily

electrostatic and/or electrodynamic field coupling as well. In

general, an electric field can be used in place of the

magnetic field, as the primary coupling mechanism.

[0046] Also, the inventors intend that only those claims which

use the-words "means for" are intended to be interpreted under

35 USC 112, sixth paragraph. Moreover, no limitations from the

specification are intended to be read into any claims, unless

those limitations are expressly included in the claims.



[0047] Where a specific numerical value is mentioned herein,

it should be considered that the value may be increased or

decreased by 20%, while still staying within the teachings of

the present application, unless some different range is

specifically mentioned. Where a specified logical sense is

used, the opposite logical sense is also intended to be

encompassed.



What is claimed is:

1 . A wireless power receiver device, comprising:

a receiver portion, formed of plural electrical

components, said plural magnetic receiving antennas, and a

power output part,

wherein at least one of said electrical components is

formed using a mechanical machining process which creates

mechanical features forming said plural electrical components

of 1 µm or less .

2 . A receiver as in claim 1 , wherein said feature

includes an inductor.

3 . A receiver as in claim 1 , wherein said feature

includes a capacitor.

4 . A receiver as in claim 1 , wherein said feature

includes a magnet.

5 . A receiver as in claim 4 , wherein said magnet is

mounted for movement under influence from an alternating

magnetic field.

6 . A receiver as in claim 5 , wherein said plural

components include an array of moving magnets.



7 . A receiver as in claim 6 ,further comprising a single

inductance coil shared among said array of magnets.

8 . A receiver as in claim 5 ,wherein said magnet is

radially symmetrical.

9 . A wireless receiver, comprising:

a first portion, including a movable magnet, located in

an location to receive an alternating magnetic field,

a magnetic part, adjacent said movable magnet, and in a

location where movement of the movable magnet creates energy;

and

an output port for power created by said moving magnet.

10. A receiver as in claim 9 , further comprising a coil,

and wherein said coil and said movable magnet are each less

than 10 µm in overall size.

11. A receiver as in claim 9 , wherein said magnet is

smaller than 2 cm 3 .



12 . A receiver as in claim 9 , wherein there are a

plurality of magnets arranged such that their outputs sum to

create a power output .

13. A receiver as in claim 12, wherein said plurality of

magnets collectively occupy a space of 2 cm 3 or less.

14. A receiver as in claim 10, wherein said plurality of

magnets are arranged in a two-dimensional array.

15. A receiver as in claim 9 , wherein said moving magnet

includes a torsion part, and a spring, the moving magnet

moving under influence of the magnetic field, and further

comprising at least one induction coil, located adjacent to

moving magnet, and converting kinetic energy into electrical

energy .

16. A receiver as in claim 9 , wherein said magnet is

radially symmetrical.

17. A receiver as in claim 12, where each said magnet is

radially symmetrical.

18. A method of receiving power, comprising:



locating an array of movable magnets in a location to

receive an alternating magnetic field;

using said movement of the moving magnet to create

energy; and

using said energy created by said moving magnet to power

a load in a portable electronic device.

19. A method as in claim 18, further comprising a single

coil shared among said array of movable magnets.

20. A method as in claim 19, wherein said coil and said

moving magnet are each less than 10 µm in overall size.

21. A receiver as in claim 18, wherein each said magnet

is smaller than 2 cm 3 .

22. A receiver as in claim 18, wherein said plurality of

magnets are arranged in a two-dimensional array.

23. A wireless power transmitting device, comprising:



a first portion, formed of a magnetic generator, and a

high frequency generation system, having a number of

components, wherein at least one of said components is formed

using a mechanical machining process which creates features of

1 µm or less .

24. A device as in claim 23, wherein said features

include an inductor.

25. A device as in claim 23, wherein said features

include a capacitor.
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