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WIRELESS POWER UTILIZATION IN A
LOCAL COMPUTING ENVIRONMENT

TECHNICAL FIELD

[0001] The described embodiments relate generally to uti-
lizing a wireless power transmission in a portable computing
environment.

BACKGROUND

[0002] Historically, transferring power wirelessly has been
successful for fairly limited applications. In particular, only
those applications where a wireless power source and a wire-
less power receiver are located very close to each other have
been successful. In this arrangement, the wireless power
source and the wireless power receiver are typically coupled
inductively by way of a magnetic field that can entangle both
the power source and receiver. Although well suited for appli-
cations requiring relatively low power (on the order of mW),
this same process is not suitable for those applications requir-
ing either more power (on the order of at least a few watts to
hundreds of watts) or where the power source and power
receiver are located further apart from each other, such as a
few inches to a few feet.

[0003] However, it has been discovered (see “Efficient
wireless non-radiative mid-range energy transfer” by Karalis
et al., Annals of Physics 323 (2008) pgs. 34-38) that useable
power can be transferred wirelessly from a power source to a
receiver located within a distance referred to as a near field.
By near field it is meant that within a distance a few times
larger than that of both objects involved in the transfer (about
one meter or so for most applications) a relatively large
amount of power (at least on the order of a few watts) can be
transferred between a wireless source device and a receiver
with an acceptable efficiency. In this way, a realistic and
practical approach to wireless transferring useable amounts
of power over distances suitable for limited applications can
be realized. Typically, each battery powered device such as a
wireless electronic device requires its own 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] Various over-the-air or wireless power transmission
between a transmitter and a receiver coupled to the electronic
device to be charged have been carried out that generally fall
into two categories. One category is based on the coupling of
plane wave radiation between a transmit antenna and a
receive antenna on the device to be charged. The receive
antenna collects the radiated power and rectifies it for charg-
ing the battery. Antennas are generally of resonant length in
order to improve the coupling efficiency. This approach suf-
fers from the fact that the power coupling falls off quickly
with distance between the antennas, so charging over reason-
able distances (e.g., less than 1 to 2 meters) becomes difficult.

[0005] Other techniques rely upon inductive coupling
between a transmit antenna embedded, for example, in a
“charging” mat or surface and a receive antenna (plus a rec-
tifying circuit) embedded in the electronic device to be
charged. This approach has the disadvantage that the spacing
between transmit and receive antennas must be very close
(e.g., within thousandths of meters). Though this approach
does have the capability to simultaneously charge multiple
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devices in the same area, this area is typically very small and
requires the user to accurately locate the devices to a specific
area.

[0006] With wireless power transmission there is a need for
apparatuses and methods for transmitting and relaying wire-
less power at varying power levels and multiplexed times to
increase power transmission efficiency.

[0007] Furthermore, what is desired are methods, systems,
and apparatus for efficient and user friendly interaction
between peripheral devices in a wirelessly powered local
computing environment. In particular, in order to enhance the
user’s experience and provide efficient power utilization,
cooperation between the plurality of peripheral devices in the
context of the wireless power environment is desired.

SUMMARY

[0008] Thepresent invention provides a system and method
for utilizing wireless near field magnetic resonance (NFMR)
power transmission in a computing environment.

[0009] In various embodiments, methods, systems, and
apparatus for interacting between a plurality of peripheral
devices receiving power wirelessly from a wireless power
supply is described. In one embodiment, a virtual charging
area can be created. The virtual charging area can extend to
about one (1) meter from a central station that incorporates a
NFMR power supply. The virtual charging area can define a
region in which suitably configured peripheral devices, such
as a mouse, keyboard, and so on can receive power by way of
a NFMR channel formed between the NFRM power supply
and a NFMR resonator circuit included in the peripheral
device. In this way, when both the NFMR power supply and
the NFMR resonator circuit are tuned to each other, then
useable power can be transferred over a power conduction
channel formed between the two resonant devices.

[0010] Insome embodiments, at least one of the peripheral
devices can have a tunable resonator circuit having at least
one circuit element (such as a resistor, inductor, or capacitor)
having a value that can be changed. In this way, the tunable
resonator circuit can be de-coupled from the NFMR power
supply by de-tuning the tunable resonator circuit in relation to
the resonance frequency of the NFMR power supply. In this
way, the effective Q value of the tunable circuit is reduced to
the point that essentially no power is transferred. In one
embodiment, at least one ofthe plurality of peripheral devices
can include a secondary NFMR resonator circuit adapted to
re-resonant power to another one of the plurality of peripheral
devices by establishing a NFMR channel to the other periph-
eral device over which useable power can be transferred. In
some embodiments, the NFMR power supply can eliminate
any voids in the virtual charging area by moditying resonance
characteristics such as frequency.

[0011] A method of wirelessly transmitting power can be
performed by creating a first coupling mode region of an
electromagnetic field within a near field of a power supply
transmit antenna, coupling the electromagnetic field and a
receiver antenna of a first receiver device within the coupling
mode region, creating a second coupling mode region of the
electromagnetic field different from the first coupling mode
region within a near field of a transmit antenna of the first
receiver device, coupling the electromagnetic field to a
receive antenna of second receiver device in the near field of
the transmit antenna of the first receiver device, wirelessly
delivering power from the power supply to the first receiver
device by way of the power supply transmit antenna using the
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first coupling mode region of the electromagnetic field; and
wirelessly delivering at least some of the power wirelessly
delivered to the first receiver device is wirelessly by re-trans-
mitting the at least some power to the second receiver device
by way of the first receiver transmit antenna using the second
coupling mode region of the electromagnetic field.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The included drawings are for illustrative purposes
and serve only to provide examples of possible structures and
arrangements for the disclosed embodiments. These draw-
ings in no way limit any changes in form and detail that may
be made to the described embodiments by one skilled in the
art without departing from the spirit and scope of the embodi-
ments.

[0013] FIG. 1 illustrates representative tunable resonator
circuits in accordance with the described embodiments.
[0014] FIG. 2 shows representative virtual charging area in
accordance with the described embodiments.

[0015] FIG. 3 shows representative hybrid power circuit in
accordance with the described embodiments.

[0016] FIG. 4 shows representative time multiplexing for
distributing power in accordance with the described embodi-
ments.

[0017] FIG. 5 illustrates a wireless transmission or charg-
ing system, in accordance with various exemplary embodi-
ments.

[0018] FIG. 6 shows a simplified schematic diagram of a
wireless power transfer system.

[0019] FIG.7 shows an antenna used in exemplary embodi-
ments configured as a “loop” antenna that can also be referred
to herein as a “magnetic” antenna.

[0020] FIG. 8 shows a flowchart detailing process 800 in
accordance with the described embodiments.

DETAILED DESCRIPTION

[0021] Various embodiments of a wirelessly powered local
computing environment are described. The wireless powered
local computing environment includes at least a near field
magnetic resonance (NFMR) power supply arranged to wire-
lessly provide power to any of a number of suitably config-
ured devices. In the described embodiments, the devices
arranged to receive power wirelessly from the NFMR power
supply can be located in a region known as the near field that
extends no further than a distance D that can be a few times a
characteristic size of the NFMR power supply transmission
device. Typically, the distance D can be on the order of 1
meter or so.

[0022] FIG. 1 shows various representative tunable circuits
in accordance with the described embodiments. The repre-
sentative tunable circuits can include series RLC (resistor
(R), inductor (L), capacitor (C)) circuit 102. In this arrange-
ment, a resonant frequency can be tuned (i.e., changed) by
changing any of the component values. For example, circuit
102, capacitor C can be a variable capacitor used to tune
circuit 102. Similarly, circuit 104 (known as a Hartlely oscil-
lator) can be used as a tunable circuit in the described embodi-
ments as can tuned LC circuit 106.

[0023] FIG. 2 shows representative virtual charging area
200 in accordance with the described embodiments. Virtual
charging area 200 provides region R of charging for suitably
configured devices placed within the region R. NFMR power
supply can be placed in central unit such as desktop computer.
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In this way, the desktop computer can provide the NFMR
power supply with computing resources. It should be noted
that the near field magnetic resonance (NFMR) power supply
can include high Q circuit that relies upon near field magnetic
coupling by way of a resonance channel formed between
resonances of the power source and sink to transfer power.
The NFMR power supply can be a standalone unit such as, for
example, included in a desk top computer, laptop computer,
tablet computer, and so on. In other embodiments, the NFMR
power supply can take the form of a portable type unit such as
a dongle that can be connected to a legacy device such as a
desktop computer thereby providing the ability to retrofit
devices. In still other embodiments, housing or a portion of a
housing used to enclose the NFMR power source can act to
extend a useful range of the NFMR power supply.

[0024] In this way, suitably configured peripheral devices
can be powered directly from the NFMR power supply. In so
doing, the peripheral devices when tuned to the appropriate
frequency can receive power wirelessly from the NFMR
power supply. In so doing, the appropriately tuned peripheral
device can be considered to be part of a resonance circuit that
can include the NFMR power supply and any other peripheral
devices so tuned. As part of such a circuit, each device has
associated with it a corresponding load that can be sensed by
the NFMR power supply. As such, the resonance circuit can
have a characteristic load that can change by the addition or
deletion of devices from the resonance circuit. For example, if
a suitably configured device such as a portable media player
is brought within range of the NFMR power supply, then the
load associated with the portable media player can be sensed
by the NFMR power supply when (and if) the portable media
player is appropriately tuned. It should be noted that in some
cases, the device being brought into the range of the NFMR
power supply can communicate its initial presence using a
standard communication protocol such as WiFi or Bluetooth.
However, once incorporated into the resonance circuit, the
device can use a communication back channel described in
detail below. Accordingly, any change in the characteristic
load factor of the resonance circuit can convey information
that can be used by the NFMR power supply to control the
various devices in the resonance circuit by, for example,
distributing power, and so on.

[0025] In some embodiments, certain of the peripheral
devices can be configured to include a re-resonator circuit that
can receive power directly from the NFMR power supply.
Such devices can also transfer a portion of the power received
to other of the peripheral devices. For example, as shown in
FIG. 2 virtual charging area 200 includes central unit 202
(desktop computer) that can include the NFMR power supply,
keyboard 204, mouse 206, and portable media player 208. In
one embodiment, keyboard 204 can be configured to receive
power directly from the NFMR power supply included in
desktop computer 202 as can mouse 206 and portable media
player 208 (when located within range R).

[0026] In some cases, the ability of desktop computer 202
to provide power directly to mouse 206, for example, can be
reduced due to any number of factors. Such factors can
include, for example, the addition of other devices into region
R that require power from the NFMR power supply, obstacles
interfering with the direct power channel formed between the
NFMR and mouse 206, and so on. In this case, keyboard 204
can act as a re-resonator such that a portion of the power
delivered to keyboard 204 from the NFMR power supply can
be passed on by way of a re-resonator transmission unit (not
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shown) in keyboard 204. In this way, any power loss experi-
enced by mouse 206 can be ameliorated by the power
received from keyboard 204. This arrangement can be tran-
sitory or can last for as long as mouse 206 is not able to receive
adequate power directly from the NFMR power supply. In
other cases, the locating of portable media player 208 within
region R can reduce the amount of power available to key-
board 204 and mouse 206. In this case, if a battery in keyboard
206 is fully charged (or additional charge is not necessary)
then keyboard 206 can decouple a charging circuit while still
maintaining a re-resonator circuit providing power to mouse
206.

[0027] Insomeembodiments, dongle 210 can be connected
to desktop computer 202 (by way of a USB port or cable, for
example). So connected, dongle 210 can, in turn, act as a
range extender for the NFMR power supply. In this way,
dongle 210 can extend a range that power can be provided by
the NFMR power supply included in desktop computer 202.
In some cases, dongle 210 can re-resonate power already
received from the NFMR power supply while in other cases,
dongle 210 can include its own NFMR power supply. By
having its own NFMR power supply, dongle 210 can provide
additional power wirelessly to those devices within virtual
charging region 200 separate from the power provided by the
NFMR power supply included in desktop 202. It should be
noted that in some embodiments, the housing of desktop
computer 202 (or a portion thereof) can be used as a resonator
as part of the NFMR power supply.

[0028] FIG. 3 shows representative hybrid power circuit
300 in accordance with the described embodiments. As
described, hybrid power circuit 300 can match the low power
delivery capability of the NFMR power supply to a large
power requirement of required for long term storage devices,
such as lithium ion polymer (LiPO) battery. Batteries in such
devices as portable phones, portable media players, and so on,
can require relatively large amount of power to charge that
can be greater than that available from the NFMR power
supply. Therefore, it is difficult to charge these high capacity
batteries such as LiPO using the NFMR power supply. How-
ever, a short term charge storage device (such as a capacitor,
ultra capacitor, and so on) that can be charged up by power
delivered by the NFMR power supply can be used to tempo-
rarily store charge prior to being passed to the battery. In this
way, once sufficient charge is stored in the short term charge
storage device, the stored charge can be used to charge a long
term charge storage device (such as a LiPO battery). For
example, FIG. 3 shows representative hybrid power circuit
300 having capacitor 302, capacitor charging circuit 304 (that
can receive power P from the NFMR power supply), long
term power storage unit 306 (that can take the form of battery
306), and battery charging circuit 308. In the described
embodiment, power P provided by the NFMR power supply
can “trickle” charge capacitor 302. Once sufficient charge is
stored in capacitor 302, capacitor charging circuit 304 can
sense capacitor voltage VC and switch fully charged capaci-
tor 302 to battery 306 by way of battery charging circuit 308.
In this way, charge Q stored in capacitor 302 can be used to
increase the charge of battery 306. Once capacitor 302 is
discharged (as determined by capacitor charging circuit 304),
capacitor 302 can again receive power P from the NFMR
power supply.

[0029] One of the advantages of a wirelessly powered local
computing environment is the potential to provide an
enhanced user experience. For example, by doing away with
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clumsy and annoying cables and eliminating the need to
replace batteries, an easy to use and efficient local computing
environment can be provided to the user. However, in order to
provide this enhanced user experience, it would be advanta-
geous for the various devices that make up the wirelessly
powered local computing environment to be able to interact
with each other as well as with the NFMR power supply. Such
interaction can include, for example, providing power by the
NFMR power supply to any of the devices within range in
whatever amount is required. For example, an amount of
power transferred between the NFMR power supply (having
afirst resonator circuit) and receiving device (having a second
resonator circuit) can be controlled by tuning (or de-tuning)
the second resonator circuit along the lines described above.
It should be noted that when a device is tuned, the tuned
device can become part of the resonance circuit. As part of the
resonance circuit, a load associated with the device can be
“seen” by the NFMR power supply. This load can, in turn, be
used by the NFMR power supply to determine the power
requirements of the resonance circuit as well as how the
required power must be distributed amongst the various
devices included in the resonance circuit. On the other hand,
when a device “de-tunes”, then the device no longer resonates
with the NFMR power supply and is effectively removed
from the resonance circuit and receives little or no additional
power.

[0030] It should be noted that various environmental fac-
tors can have an effect on the efficiency of power transfer
from the NFMR power supply to those devices included in the
resonance circuit. For example, any object (metallic, for
example) that can interfere with the magnetic coupling
between the NFMR power supply and those device wirelessly
receiving power can adversely affect both the amount of
power supplied and the efficiency of the power transfer. This
reduction in power transferred or power transfer efficiency
can put an undue strain on the NFMR power supply as well as
increase the likelihood that particular devices may not have
sufficient power to operate at peak efficiency, to execute
important functions, or in some cases, not be able to operate
at all. In one embodiment, feedback provided by a device to
the NFMR power supply indicating that the device requires
more power or has experienced a reduction in power can
cause the NFMR power supply to try to ascertain the reason or
reasons why the device has experienced this reduction in
power. For example, if the device is moving within a void
region (a void being defined as that region having a substan-
tially reduced power transmission or efficiency factor), then
the NFMR power supply can attempt to move the void region
by modifying selected resonance factors (such as resonance
frequency) thereby having the effect of moving the void
region (hopefully beyond the range of the operating region of
the devices wirelessly coupled to the NFMR power supply).
In one embodiment, the NFMR power supply can determine
that the power transfer efficiency has dropped below a thresh-
old for a device(s) based upon, for example, feedback from
the affected device(s). In response, the NFMR power supply
can respond by modifying the frequency of the magnetic
resonance signal until the power efficiency has recovered to
above the threshold, by increasing power, or by, in some
cases, causing less important or less used devices, to de-tune
themselves (thereby removing themselves from the reso-
nance circuit) so as to free up power that can be provided to
those devices requiring more power. It should be noted that
these operations can be carried out in the background in such
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a way that the user is unaware of the operations taking place.
In still another embodiment, the power source can alter phase,
frequency and or signal amplitude relative to other links in
order to optimize power delivery.

[0031] In order to provide more robust communication
between the various devices coupled with the NFMR power
supply, each device can provide affirmative feedback to the
NFMR power supply using a direct communication channel
such as Bluetooth or WiFi. It should be noted, however, that
an indirect communication channel can also be used. Such an
indirect communication channel can be formed using the
resonance circuit load factor mediated by the number (and
type) of devices wirelessly coupled with the NFMR power
supply. Since each device has an associated resonance load
(i.e., load perceived by the NFMR power supply when a
device is tuned to the proper resonance frequency), an indirect
communication channel mediated by load state of the device,
or devices in the resonance circuit can be established with the
NFMR power supply. For example, the NFMR power supply
can characterize a particular load state of a resonance circuit
by ascertaining the overall resonance load (i.e., sense load on
resonant circuit). Any changes to the load state can indicate a
change in the status of the resonance circuit which, in turn,
can infer that one or more of the devices previously included
in the resonance circuit (i.e., tuned to the NFMR power sup-
ply resonant frequency) has dropped out, or de-tuned. In some
cases, a Morse code like communication protocol can be
established between the NFRM power supply and each ofthe
devices. This Morse code like communication protocol can be
based upon a device tuning and de-tuning itself using an
identifiable pattern. In this way, a simple device identifier, for
example, can be communicated to the NFMR power supply.
Using this arrangement, a device that has determined to de-
tune itself and to remove itself from the resonance circuit, can
signal the NFMR power supply its intent as well as identify
itself. In this way, the NFRM power supply can have a more
clear understanding of the condition of the resonance circuit
and the devices included therein. This device to device com-
munication channel (also referred to as a back channel) can be
capable of communicating simple information. Such infor-
mation can include, for example, a device identifier, a syn-
chronization flag, and so on. It should be noted that this
communication channel is independent and separate from
other communication channels provided by, for example,
WiFi or Bluetooth.

[0032] For example, if keyboard is using power wirelessly
provide by the NFMR power supply to charge its battery,
when the keyboard determines that the battery is substantially
fully charged, then the keyboard can determine that power
from the NFMR power supply is no longer required (at least
until the battery discharges to a pre-set level). In this case, the
keyboard can notify the NFMR power supply that it no longer
requires power (or at least until it signals that it requires power
at some future point in time). In this case, the NFMR can
redirect power away from the keyboard (using, for example,
a different resonant frequency when the NFMR power supply
is equipped to transmit power on a number of frequency
ranges, or bands) or the keyboard can remove itself from the
resonance circuit (either on its own or as directed) by de-
tuning itself. In this way, the load of the resonance circuit can
be reduced allowing more power to be wirelessly delivered to
the other devices in the resonance circuit. It should be noted
that for efficiency and environmental reasons, the NFMR
power supply will provide only as much power as is needed.
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For example, as battery charges up then less power is
required. In this way, the charge state of the battery can be
communicated to the NFMR power supply that can respond
by reducing, or throttling back, the power provided to the
keyboard.

[0033] It should be noted that while a device can be
removed from the resonance circuit by the process of de-
tuning, the device can be added to the resonance circuit by
tuning it. By tuning (and conversely de-tuning) it is meant that
circuit characteristics (such as resistance) can be changed
resulting in the circuit Q increasing in the case of tuning or
decreasing in the case of de-tuning. It should be noted that the
relative increase or decrease in Q for a circuit can be depen-
dent upon the circuit and applications to which the circuit is
used.

[0034] When a device is brought within range R of the
power supply, then the load experienced by the power supply
increases by that amount corresponding to the device. In this
way, proximity detection can be thought as having taken place
that can trigger an action to be taken. For example, if a
portable media player is brought within range R of a desktop
computer, then the proximity signal generated by the change
in load experienced by the power supply can cause the desk-
top computer to initiate a synchronization process, for
example, between the portable media player and the desktop
computer.

[0035] The communication channels established between
the various devices in the resonance circuit can be used for the
devices to determine amongst themselves which device takes
priority with regards to power supplied by the NFMR power
supply. In other cases, a host device (that includes the NFMR
power supply and any associated computing resources) can
act as aggregator. By aggregator, it is meant that the host
device can determine the priority of those devices for receiv-
ing power, how much power to receive, and for how long. It
should be noted that some devices and or some operations
performed by a device can have a higher priority than other
devices and or operations. For example, a high priority device
(s) may require guaranteed power for operation (such as using
amouse vs charging a portable media player). The host device
can use any suitable priority mechanism (round robin, for
example).

[0036] In another embodiment, the devices receiving
power can communicate amongst themselves to determine
which device has priority. The devices understand their own
operating points, such as a minimum amount of power to
perform certain function, maximum power required to per-
form all functions. In this way, each device can provide a
desired amount of power, a list of functions that can be per-
formed, and a minimum amount of power required for opera-
tion. The source can determine how much power can be
delivered and which device can get the power it needs. In
some cases, the devices themselves set the priority, in other
cases, the host device sets the priority. When a device is not
receiving power, it removes itself from the resonance circuit
by de-tuning, and returns to the circuit by re-tuning.

[0037] It should be noted that the NFMR power supply can
use any number of protocols to wirelessly provide power to
the various devices included in the resonance circuit. For
example, the NFMR power supply can include a plurality of
resonator circuits each arranged to resonate at a particular
frequency. In this way, the NFMR power supply can provide
power orthogonally using different frequency bands. In this
way, a device can have multiple resonant frequencies in order
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to take advantage of the frequency bands provided by the
NFMR power supply. For example, the NFMR power supply
can wirelessly provide power using multiple frequency bands
where a number of devices can each tune themselves to a
particular frequency. In this way, frequency shifting tech-
niques can be used to more efficiently transfer power to the
plurality of devices within range of the NFMR power supply.
[0038] Other mechanisms fora single NFMR power supply
to independently transmit power to more than one device
includes time multiplexing as shown in FIG. 4. As illustrated,
devices 400, 402 and 404 can each take turns tuning and
de-tuning themselves such that at any one time only one of the
devices if receiving power. For example, during a period 1,
device 400 receives power by tuning itselfto at least one of the
available resonant frequencies while devices 402 and 404 are
de-tuned. Once device 400 has completed its power cycle,
device 400 de-tunes itself and device 402 tunes itself and
receives power wirelessly from the NFMR power supply.
Once device 402 completes its power cycle, device 402 de-
tunes itself and device 404 tunes itself to at least one of the
resonance frequencies to receive power from the NFMR
power supply. In other embodiments, the NFMR power sup-
ply can use frequency multiplexing in which the NFMR can
toggle amongst a number of frequencies each one tuned to a
particular device. The device can receive power only when
the device resonates with a current frequency of the power
supply.

[0039] The closed loop control can also affect the modes of
operation of the devices in the resonance circuit. For example,
a keyboard can determine an amount of power received from
the source which will depend upon the distance between the
source and the keyboard (as well as the presence of any
interfering objects). If the power received falls below a
threshold, then the keyboard can use more battery power or
request that the source increase power. In some cases, if the
power provided can not be increased to meet the current
operating requirements of the keyboard, then the keyboard
can take action to reduce its power requirements by, for
example, reducing backlight, etc. It should be noted that as
discussed above, the reduction on power received by the
keyboard can be caused by many other factors other than an
increase in distance. Such factors can include, for example,
the presence of voids, objects, other devices added to the
circuit, and so on.

[0040] FIG. 5 illustrates a wireless transmission or charg-
ing system 500, in accordance with various exemplary
embodiments. Input power 502 is provided to a transmitter
504 for generating a radiated field 506 for providing energy
transfer. A receiver 508 couples to the radiated field 506 and
generates an output power 510 for storing or consumption by
a device (not shown) coupled to the output power 510. Both
the transmitter 504 and the receiver 508 are separated by a
distance 512. In one exemplary embodiment, transmitter 504
and receiver 508 are configured according to a mutual reso-
nant relationship and when the resonant frequency of receiver
508 and the resonant frequency of transmitter 504 are very
close, transmission losses between the transmitter 504 and the
receiver 508 are minimal when the receiver 508 is located in
the “near-field” of the radiated field 506.

[0041] Transmitter 504 further includes a transmit antenna
514 for providing a means for energy transmission and
receiver 508 further includes a receive antenna 518 for pro-
viding a means for energy reception. The transmit and receive
antennas are sized according to applications and devices to be

Nov. 29, 2012

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. When in this near-field a coupling mode
may be developed between the transmit antenna 514 and the
receive antenna 518. The area around the antennas 514 and
518 where this near-field coupling may occur is referred to
herein as a coupling-mode region.

[0042] FIG. 6 shows a simplified schematic diagram of a
wireless power transfer system. The transmitter 604 includes
an oscillator 622, a power amplifier 624 and a filter and
matching circuit 626. The oscillator is configured to generate
a desired frequency, which may be adjusted in response to
adjustment signal 623. The oscillator signal may be amplified
by the power amplifier 624 with an amplification amount
responsive to control signal 625. The filter and matching
circuit 626 may be included to filter out harmonics or other
unwanted frequencies and match the impedance of the trans-
mitter 604 to the transmit antenna 514.

[0043] Thereceiver 608 may include a matching circuit 632
and a rectifier and switching circuit 634 to generate a DC
power output to charge a battery 636 as shown in FIG. 6 or
power a device coupled to the receiver (not shown). The
matching circuit 632 may be included to match the imped-
ance of the receiver 508 to the receive antenna 518. The
receiver 508 and transmitter 504 may communicate on a
separate communication channel 619 (e.g., Bluetooth, zig-
bee, cellular, etc).

[0044] Asillustrated in FIG. 7, antennas used in exemplary
embodiments may be configured as a “loop” antenna 750,
which may also be referred to herein as a “magnetic” antenna.
Loop antennas may be configured to include an air core or a
physical core such as a ferrite core. Air core loop antennas
may be more tolerable to extraneous physical devices placed
in the vicinity of the 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 518 (FIG. 5, 6)
within a plane of the transmit antenna5 (FIG. 5, 6) where the
coupled-mode region of the transmit antenna 514 (FI1G. 5, 6)
may be more powerful.

[0045] As stated, efficient transfer of energy between the
transmitter 104 and receiver 508 occurs during matched or
nearly matched resonance between the transmitter 504 and
the receiver 508. However, even when resonance between the
transmitter 504 and receiver 508 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.
[0046] The resonant frequency of the loop or magnetic
antennas is based on the inductance and capacitance. Induc-
tance in a loop antenna is generally simply 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 752 and capacitor 754 may be added to the antenna
to create a resonant circuit that generates resonant signal 756.
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 or magnetic antenna increases, the
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efficient energy transfer area of the near-field increases. 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 trans-
mit antennas the resonant signal 756 may be an input to the
loop antenna 750.

[0047] 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 typi-
cally confined to a volume that is near the physical volume of
the antenna. In the exemplary embodiments of the invention,
magnetic type antennas such as single and multi-turn loop
antennas are used for both transmit (Tx) and receive (Rx)
antenna systems since magnetic near-field amplitudes tend to
be higher for magnetic type antennas in comparison to the
electric near-fields of an electric-type antenna (e.g., a small
dipole). This allows for potentially higher coupling between
the pair. Furthermore, “electric” antennas (e.g., dipoles and
monopoles) or a combination of magnetic and electric anten-
nas is also contemplated.

[0048] 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 (e.g., >—4 dB) 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 levels (e.g., -1 to -4 dB) can be
achieved when the Rx antenna on a host device is placed
within a coupling-mode region (i.e., in the near-field) of the
driven Tx loop antenna.

[0049] FIG. 8 shows a flowchart detailing process 800 in
accordance with the described embodiments. Process 800 can
begin at 802 by creating a first coupling mode region of an
electromagnetic field within a near field of a power supply
transmit antenna. Next at 804, the electromagnetic field and a
receiver antenna of a first receiver device are coupled with the
coupling mode region. At 806, a second coupling mode
region of the electromagnetic field different from the first
coupling mode region is created with a near field of a transmit
antenna of the first receiver device. At 808, the electromag-
netic field is coupled to a receive antenna of second receiver
device in the near field of the transmit antenna of the first
receiver device. At 810, power is wirelessly delivered from
the power supply to the first receiver device by way of the
power supply transmit antenna using the first coupling mode
region of the electromagnetic field. At 812, at least some of
the power wirelessly delivered to the first receiver device is
wirelessly re-transmitted to the second receiver device by
way of the first receiver transmit antenna using the second
coupling mode region of the electromagnetic field.

What is claimed is:

1. A wirelessly powered local computing environment, the
local computing environment including a near field magnetic
resonance wireless power supply arranged to use a resonance
channel to transfer useable energy to resonance circuits
within a near field distance D, the distance D defining an
outermost range of the NFMR power supply, comprising:

a central processing unit, the central processing unit pro-
viding processing resources to the NFMR power supply;
and

a plurality of peripheral devices each having a tunable
resonance circuit suitably adapted to receive power
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wirelessly from the NFMR power supply, wherein when
at least one of the plurality of devices is within range of
the NFMR power supply, the device tunes the resonance
circuit to at least one of the resonance frequencies of the
NFMR power supply and subsequently de-tunes the
resonance circuit to provide a device identification to the
NFMR power supply using a change in a resonance
circuit load factor.

2. The local computing environment as recited in claim 1,
wherein at least one of the peripheral devices includes a
re-resonator circuit, the re-resonator circuit arranged to wire-
lessly provide a portion of the power received by the periph-
eral device from the NFMR power supply to at least one other
peripheral client device.

3. A battery charging circuit, comprising:
a first node arranged to receive wirelessly provided power;

a short term charge storage device having a first charge

capacity; and

along term storage device having a second charge capacity,

wherein the second charge capacity is substantially

greater than the first charge capacity, wherein the long
term storage device is charged by,

(A) storing charge corresponding to the power wire-
lessly received at the first node into the short term
charge storage device,

(B) when the stored charge is equal to about the first
charge capacity, then passing the stored charge from
the short term storage device to the long term storage
device, and

(C) repeating (A) and (B) until the charge stored in the
long term storage device is about equal to the second
charge capacity.

4. The circuit as recited in claim 3, wherein the short term
charge storage device is an ultracapacitor and wherein the
long term charge storage device is a LiPO battery.

5. A method of wirelessly transmitting power, comprising:

creating a first coupling mode region of an electromagnetic
field within a near field of a power supply transmit
antenna;

coupling the electromagnetic field and a receiver antenna
of a first receiver device within the coupling mode
region;

creating a second coupling mode region of the electromag-
netic field different from the first coupling mode region
within a near field of a transmit antenna of the first
receiver device;

coupling the electromagnetic field to a receive antenna of
second receiver device in the near field of the transmit
antenna of the first receiver device;

wirelessly delivering power from the power supply to the
first receiver device by way of the power supply transmit
antenna using the first coupling mode region of the elec-
tromagnetic field; and

wirelessly delivering at least some of the power wirelessly
delivered to the first receiver device is wirelessly by
re-transmitting the at least some power to the second
receiver device by way of the first receiver transmit
antenna using the second coupling mode region of the
electromagnetic field.

6. The method as recited in claim 5, wherein the first

receiver device is a keyboard.
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7. The method as recited in claim 6, wherein the second
receiver device is a mouse.

8. The method as recited in claim 7, wherein the power
supply is included in a host computing device.

9. The method as recited in claim 8, wherein the second
coupling mode region is between the keyboard and the
mouse.
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10. The method as recited in claim 9, wherein the first
coupling mode region is between the host computing device
and the keyboard.

11. The method as recited in claim 9, wherein the first
coupling mode region is between the host computing device
and the mouse.



