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SYSTEM AND METHOD FOR COMMUNICATION
IN WIRELESS POWER SUPPLY SYSTEMS
BACKGROUND OF THE INVENTION
[0001] The present invention relates to wireless power supply systems, and more

particularly to systems and methods for communicating in a wireless power supply system.

[0002] Many conventional wireless power supply systems rely on inductive power transfer to
convey electrical power without wires. A typical inductive power transfer system includes an inductive
power supply that uses a primary coil (or a transmitter) to wirelessly transfer energy in the form of a
varying electromagnetic field and a remote device that uses a secondary coil (or a receiver) to convert
the energy in the electromagnetic field into electrical power. Recognizing the potential benefits, some
developers have focused on producing wireless power supply systems with adaptive control systems.
Adaptive control systems may give the wireless power supply the ability to adapt operating parameters
over time to maximize efficiency and/or control the amount of power being transferred to the remote
device.

[0003] Conventional adaptive control systems may vary operating parameters, such as
resonant frequency, operating frequency, rail voltage or duty cycle, to supply the appropriate amount of
power and to adjust various operating conditions. For example, it may be desirable to vary the
operating parameters of the wireless power supply based on the number of electronic device(s), the
general power requirements of the electronic device(s) and the instantaneous power needs of the
electronic device(s). As another example, the distance, location and orientation of the electronic
device(s) with respect to the primary coil may affect the efficiency of the power transfer, and variations
in operating parameters may be used to optimize operation. In a further example, the presence of
parasitic metal in range of the wireless power supply may affect performance or present other
undesirable issues. The adaptive control system may respond to the presence of parasitic metal by
adjusting operating parameters or shutting down the power supply. In addition to these examples,
those skilled in the field will recognize additional benefits from the use of an adaptive control system.

[0004] To provide improved efficiency and other benefits, it is not uncommon for
conventional wireless power supply systems to incorporate a communication system that allows the
remote device to communicate with the power supply. In some cases, the communication system
allows one-way communication from the remote device to the power supply. In other cases, the system
provides bi-directional communications that allow communication to flow in both directions. For
example, the remote device may communicate its general power requirements prior to initiation of
wireless power fransfer and/or real-time information during wireless power transfer. The initial transfer

of general power requirements may allow the wireless power supply to set its initial operating
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parameters. The transfer of information during wireless power transfer may allow the wireless power
supply to adjust its operating parameters during operation. For example, the remote device may send
communications during operation that include information representative of the amount of power the
remote device is receiving from the wireless power supply. This information may allow the wireless
power supply to adjust its operating parameters to supply the appropriate amount of power at optimum
efficiency. These and other benefits may result from the existence of a communication channel from
the remote device to the wireless power supply.

[0009] An efficient and effective method for providing communication in a wireless power
supply that transfers power using an inductive field is to overlay the communications on the inductive
field. This allows communication without the addition of a separate wireless communication link. One
common method for embedding communications in the inductive field is referred to as “backscatter
modulation.” Backscatter modulation relies on the principle that the impedance of the remote device is
conveyed back to the power supply through reflected impedance. With backscatter modulation, the
impedance of the remote device may be selectively varied to create a data stream (e.g., a bit stream)
that is conveyed to the power supply by reflected impedance. For example, the impedance may be
modulated by selectively applying a load resistor to the secondary circuit. The power supply monitors a
characteristic of the power in the tank circuit that is impacted by the reflected impedance. For example,
the power supply may monitor the current in the tank circuit for fluctuations that represent a data
stream.

[0006] As the industry grows to use wireless power supply systems that supply power
wirelessly to multiple remote devices, communication between the power supply and multiple remote
devices has become more important. Devices may have specific power needs that affect performance
of the wireless power supply, and may desire to communication those needs. However, with multiple
remote devices attempting to communicate, there is a possibility of data collision and data loss. Loss of
communication may prevent the devices from communicating power requirements and possibly result in
too much or too little power being transferred, potentially damaging a device. There also may be too
much or too little power transferred if one or more of the remote devices is incapable of communicating
information to the wireless power supply.

[0007] Conventional wireless power transfer systems have employed separate
communication channels, such as Bluetooth or other RF communication systems, to manage
communication with multiple devices. These systems, however, add cost and complexity to the remote
devices and the wireless power supply. And, the long distance capabilities of RF communication
systems may result in communication with remote devices not present near the wireless power supply.

For example, if two wireless power supplies, each associated with a remote device to be charged, are
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in the same room and use an RF communication system, there may be communication errors with the
remote devices during power transfer.
SUMMARY OF THE INVENTION
[0008] The present invention relates to wireless power supplies adapted to supply power

and communicate with one or more remote devices. The systems and methods of the present
invention generally relate to a communication timing system that may ensure information being
communicated from one device does not overlap with that of another device, preventing data collisions
and information from going undetected.

[0009] In one embodiment, a wireless power supply for transferring power to at least one
remote device includes a wireless power transmitter and a communication circuit. The wireless power
transmitter may transfer power to the at least one remote device, and may be configured to form an
inductive power link between the wireless power supply and the at least one remote device. The
communication circuit may be coupled to the wireless power transmitter, and may be configured to
transmit and receive information from the at least one remote device via the inductive power link. The
information transmitted to the at least one remote device may provide timing information to the at least
one remote device about time slots in which the communication circuit is configured to receive
communication from the at least one remote device. As an example, the information may include state
information about each of the time slots, indicating whether each time slot is assigned or open. The
communication circuit may change the state of one of the time slots in response to receiving
communication from a remote device in that time slot.

[0010] In one embodiment, the wireless power supply may be configured to transfer power
to a plurality of remote devices, and the communication circuit may be configured to assign each of the
remote devices to one of the time slots.

[0011] In one embodiment, the wireless power supply may adjust a characteristic of power
in response to information received from the remote device during a time slot. For example, the
wireless power supply may increase or decrease power output based on a request to increase or
decrease power from the remote device.

[0012] In one embodiment, a method of operating a wireless power supply system to
transfer power to at least one remote devices includes placing the remote device in sufficient proximity
to the wireless power supply to form an inductive power link between the wireless power supply and the
remote device, and operating the wireless power supply to transfer power to the remote device via the
inductive power link. The method further includes transmitting, from the wireless power supply, a
communication packet to the remote device via the inductive power link, where the communication

packet includes timing information about time slots in which the wireless power supply is configured to

“3-



WO 2013/176751 PCT/US2013/031126

receive communication from the remote device and receiving, in the wireless power supply, a message
from the remote device.

[0013] The method may further include associating the remote device with one of the time
slots in which the remote device has communicated, and changing the state of the associated time slots
from open to assigned.

[0014] In one embodiment, the method may further include receiving a second message
from another remote device in another of the time slots, and associating the another remote device with
the another time slot.

[0015] In one embodiment, a remote device for receiving power from a wireless power
supply includes a wireless power receiver, communication circuitry and a load. The wireless power
receiver may generate electrical power in response to a field generated by the wireless power supply,
and the communication circuitry may communicate to and from the wireless power supply. The load
may be coupled to the wireless power receiver, and may receive electrical power generated in the
wireless power receiver in response to said field. The communication circuitry may be configured to
receive information relating to a plurality of time slots in which the wireless power supply is configured
to receive communication from said remote device, and may be configured to select one of the plurality
of time slots to communicate in. The communication circuitry may also transmit a message in the
selected time slot. For example, the remote device may also wait for the wireless power supply to
indicate a start of the selected time slot before transmitting the message.

[0016] In one embodiment, the remote device may fransmit a message including
information relating to a request to adjust an amount of power being transmitted by the wireless power
supply via the field.

[0017] In one embodiment, the remote device may be configured to select a different time
slot in response to information received from the wireless power supply that indicates a state of the
selected time slot remains unchanged from an open state despite the remote device transmitting a
message in the selected time slot.

[0018] In one embodiment, the remote device may be configured to regulate power being
received by at least one of reducing power being received, reconfiguring an impedance of said wireless
power receiver, reconfiguring rectification circuitry, and varying a Q of said remote device.

[0019] The present invention provides a simple and effective communication system that
allows control of the timing of communication of one or more remote devices over a wireless power link.
In this way, data collisions and data loss may be prevented or reduced because the system attempts to
avoid communication from one device overlapping with that of another device. With stable

communication between the wireless power supply and one or more remote devices, the wireless
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power supply may, for example, control supply of power to one or more remote devices according to
the operating parameters of each remote device.

[0020] These and other objects, advantages, and features of the invention will be more
fully understood and appreciated by reference to the description of the current embodiment and the
drawings.

[0021] Before the embodiments of the invention are explained in detail, it is to be
understood that the invention is not limited to the details of operation or to the details of construction
and the arrangement of the components set forth in the following description or illustrated in the
drawings. The invention may be implemented in various other embodiments and of being practiced or
being carried out in alternative ways not expressly disclosed herein. Also, it is to be understood that the
phraseology and terminology used herein are for the purpose of description and should not be regarded
as limiting. The use of "including" and "comprising" and variations thereof is meant to encompass the
items listed thereafter and equivalents thereof as well as additional items and equivalents thereof.
Further, enumeration may be used in the description of various embodiments. Unless otherwise
expressly stated, the use of enumeration should not be construed as limiting the invention to any
specific order or number of components. Nor should the use of enumeration be construed as excluding
from the scope of the invention any additional steps or components that might be combined with or into
the enumerated steps or components.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022] Fig. 1 is a schematic representation of a wireless power supply and a remote device

in accordance with an embodiment of the present invention.

[0023] Fig 2 is a schematic representation of the wireless power supply and the remote
device in accordance with an embodiment of the present invention.

[0024] Fig. 3 is a schematic representation of the wireless power supply and multiple
remote devices configured to receive power irrespective of coupling in accordance with an embodiment
of the present invention.

[00295] Fig. 4 is a flowchart showing the general steps of a method in accordance with an
embodiment of the present invention.

[0026] Fig. 5 is a flowchart showing the general steps of a method in accordance with an
embodiment of the present invention.

[0027] Fig. 6 is a flowchart showing the general steps of a method in accordance with an
embodiment of the present invention.

[0028] Fig. 7 is a timing diagram showing the general sequence of a method in accordance

with an embodiment of the present invention.
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[0029] Fig. 8 is a timing diagram showing the general sequence of a method in accordance
with an embodiment of the present invention.

[0030] Fig. 9 is a schematic representation of the wireless power supply and remote device
in accordance with an alternative embodiment of the present invention configured to use multiple
modulation elements in different circumstances.

[0031] Fig. 10 is a representative graph of a phase inversion of a transmitted power signal
used to provide communication to a remote device in accordance with an embodiment of the present
invention.

DESCRIPTION OF THE CURRENT EMBODIMENT
[0032] A, OQverview.
[0033] The present invention relates to wireless power supplies adapted to supply power

and communicate with one or more remote devices. The systems and methods of the present
invention generally relate to a communication timing system that may ensure information being
communicated from one device does not overlap with that of another device, preventing data collisions
and information from going undetected. With information being communicated in a way that addresses
or avoids potential communication issues in multiple device systems, the wireless power supply may
control operation to effectively supply wireless power. For example, the present invention may
preserve the ability of the wireless power supply to receive control signals relating to operation of the
wireless power transfer system, such as signals that identify the remote device, provide wireless power
supply control parameters or provide information in real-time relating to wireless power supply (e.g.,
current, voltage, temperature, battery condition, charging status and remote device status). As another
example, the present invention may preserve the ability of the wireless power supply to receive
communications relating to the transfer of data unrelated to the wireless power transfer system, such as
transferring information associated with features of the remote device, including synchronizing
calendars and to-do lists or transferring files (e.g., audio, video, image, spreadsheet, database, word
processing and application files—just to name a few).

[0034] A wireless power supply 10 and one or more remote devices 12 in accordance with
an embodiment of the present invention are shown in Figs. 1-3. The wireless power supply 10
generally includes an adaptive control system 14, communication system 22 and a wireless power
transmitter 30. The communication system 22 is configured to communicate to one or more remote
devices 12 by modulating power being applied to the wireless power transmitter 30. The
communication system 22 may indicate a series of time slots available for responding back to the
wireless power supply 10 in order to avoid remote devices 12 trying to communicate at the same time.
The control system 14 may be configured to adjust operating characteristics to, among other things,
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improve transfer efficiency and control the amount of power supplied to the remote device 12. For
example, the control system 14 may receive information from the communication system 22, and adjust
an operating characteristic based on that received information.

[0035] B. System.

[0036] An embodiment of the present invention will now be described with reference to
Figs. 1-3. The wireless power supply 10 of the Figs. 1-3 embodiment generally includes a power
supply 18, signal generating circuitry 20, a wireless power transmitter 16, a communication system 22
and an adaptive control system 14. In the current embodiment, the communication system 22 is
integrated with the adaptive control system 14, but both may be implemented as separate circuitry or
components in alternative embodiments. The power supply 18 of the current embodiment may be a
conventional power supply that transforms an AC input (e.g., wall power) into an appropriate DC output
that is suitable for driving the wireless power transmitter 16. As an alternative, the power supply 18
may be a source of DC power that is appropriate for supplying power to the wireless power transmitter
16. In this embodiment, the power supply 18 generally includes a rectifier 24 and a DC-DC converter
26. The rectifier 24 and DC-DC converter 26 provide the appropriate DC power for the power supply
signal. The power supply 18 may alternatively include essentially any circuitry capable of transforming
input power to a form used by the signal generating circuitry 20. In this embodiment, the adaptive
control system 14 is configured to adjust operating parameters other than the rail voltage. Accordingly,
the DC-DC converter 26 may have a fixed output. The adaptive control system 14 may additionally or
alternatively have the ability to adjust rail voltage or switching circuit phase (described in more detail
below). In an alternative embodiment where it is desirable to adjust operating parameters by varying
the rail voltage, the DC-DC converter 26 may have a variable output. As shown in Fig. 1, the adaptive
control system 14 may be coupled to the DC-DC converter 26 (represented by broken line) to allow the
adaptive control system 14 to control the output of the DC-DC converter 26.

[0037] In this embodiment, the signal generating circuitry 20 includes switching circuitry
that is configured to generate and apply an input signal to the wireless power transmitter 16. The
switching circuitry may form an inverter that transforms the DC output from the power supply 18 into an
AC output to drive the wireless power transmitter 30. The switching circuitry 28 may vary from
application to application. For example, the switching may include a plurality of switches, such as
MOSFETSs, arranged in a half-bridge topology or in a full-bridge topology.

[0038] In this embodiment, the power transmitter 16 includes a tank circuit 30 having a
primary coil 32 and a ballast capacitor 34 that are arranged to form a series resonant tank circuit and a
re-resonator circuit 40 having a re-resonator coil 42 and a re-resonator capacitor 41. The present

invention is not limited to use with a re-resonator circuit 40 and may instead transfer power wirelessly

-7 -



WO 2013/176751 PCT/US2013/031126

using the tank circuit 30 without a re-resonator circuit 40. The present invention is also not limited to
use with series resonant tank circuits and may instead be used with other types of resonant tank
circuits and even with non-resonant tank circuits, such as a simple inductor without matching
capacitance. And, although the illustrated embodiment includes coils, the wireless power supply 10
may include alternative inductors or transmitters capable of generating a suitable electromagnetic field.
Further, the present invention is not limited to use with a re-resonator circuit 40 and may not include a
re-resonator circuit 40. And, the tank circuit 30 may transmit power without the re-resonator circuit 40.

[0039] In this embodiment, the communication system 22 is capable of (a) modulating the
supply of power from the wireless power transmitter 16 to communicate information and (b) sensing
modulations in the wireless power transmitter 16 that are fed back through the electromagnetic field
from one or more remote devices 12 in order to receive communication. The communication system 22
described herein is exemplary. The present invention may be implemented using essentially any
systems and methods capable of receiving communication over the inductive power link. Suitable
communication systems and transceivers (including various alternative circuits) and various alternative
communications methods are described in U.S. Application Serial No. 13/012,000, which is entitled
SYSTEMS AND METHODS FOR DETECTING DATA COMMUNICATION OVER A WIRELESS
POWER LINK, and was filed on January 24, 2011, by Matthew J. Norconk et al; U.S. Application Serial
No. 13/366,605, which is entitled SYSTEM AND METHOD OF PROVIDING COMMUNICATIONS IN A
WIRELESS POWER TRANSFER SYSTEM, and was filed on February 6, 2012, by Matthew J. Norconk
et al; U.S. Application Serial No. 13/425,841, which is entited SYSTEM AND METHOD FOR
IMPROVED CONTROL IN WIRELESS POWER SUPPLY SYSTEMS, and was filed March 21, 2012, by
Joshua B. Taylor et al—all of which are incorporated herein by reference in their entirety.

[0040] The communication system 22 may be coupled to the tank circuit 30 to allow
detection of signals indicative of one or more characteristics of the power in the tank circuit 30, such as
the current, voltage and/or any other characteristics that are affected by reflected impedance from the
remote device 12. In one embodiment, the communication system 22 includes a current sense
transformer (not shown) that is coupled to the tank circuit 30 to provide a signal corresponding to the
magnitude of the current in the tank circuit. Although not shown, the communication system 22 may
include circuitry to filter, process and convert the signal produced by the sensor into a series of high
and low signals representative of the data carried over the inductive power link.

[0041] The communication system 22 may also modulate the supply of power being
supplied to the wireless power transmitter 16 to communicate to the one or more remote devices 12.
This modulation may be accomplished using a variety of methods, including modulating operating
frequency, resonant frequency, rail voltage, duty cycle, phase (e.g., in the case of a full bridge

-8-
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topology), a phase inverse topology (e.g., shown for example in Fig. 10), or a phase-shifted keyed
communication topology in which the power signal is a carrier wave for an additional communication
signal.

[0042] The communication system 22 described generally above may be implemented in a
wide variety of different embodiments. For example, the communication system 22 may vary from
embodiment to embodiment depending upon the type of modulation/demodulation implemented in that
embodiment and/or depending on the details of the power supply circuitry. Further, each
modulation/demodulation scheme may be implemented using a variety of different circuits. Generally
speaking, the communication system 22 is configured to demodulate data as a function of a
characteristic of power in the power supply that is affected by data communicated through reflected
impedance and to modulate data by affecting a characteristic of power being supplied from the wireless
power transmitter 16.

[0043] The adaptive control system 14 includes portions configured, among other things, to
operate the switching circuitry 28 to produce the desired power supply signal to the wireless power
transmitter 16. The adaptive control system 14 may control the switching circuitry 28 based on
communications received from the remote device 12 via the communication system 22. The adaptive
control system 14 of this embodiment includes control circuitry that performs various functions, such as
controlling the timing of the switching circuit 28 and cooperating with the communication system 22 to
extract and interpret communications signals. These functions may alternatively be handled by
separate controllers or other dedicated circuitry.

[0044] A remote device 12 in accordance with an embodiment of the present invention will
now be described in more detail with respect to Figs. 1-3 and 9. The remote device 12 may include a
generally conventional electronic device, such as a cell phone, a media player, a handheld radio, a
camera, a flashlight or essentially any other portable electronic device. The remote device 12 may
include an electrical energy storage device, such as a battery, capacitor or a super capacitor, or it may
operate without an electrical energy storage device. The components associated with the principle
operation of the remote device 12 (and not associated with wireless power transfer) are generally
conventional and therefore will not be described in detail. Instead, the components associated with the
principle operation of the remote device 12 are generally referred to as principle load 50. For example,
in the context of a cell phone, no effort is made to describe the electronic components associated with
the cell phone itself.

[0045]  The remote device 12 of this embodiment generally includes a wireless receiver 70,
rectification circuitry 54, a secondary communications transceiver 56 and a principle load 40. The
wireless receiver 70 may include a secondary tank circuit 60 having a secondary coil 62 and secondary
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tank capacitor 61 and a secondary re-resonator circuit 66 having a secondary re-resonator coil 68 and
secondary re-resonator capacitor 67. In the illustrated embodiment of Fig. 1, the secondary re-
resonator circuit 66 is electrically isolated from the rectification circuitry 54, but in alternative
embodiments, such as the illustrated embodiments of Figs. 2 and 3, the secondary re-resonator
circuitry 66 may be coupled to the rectification circuitry or other circuitry in the remote device. This
coupling may allow the remote device 12 to affect the Q of the re-resonator circuitry 66, which, as will
be described in further detail below, may be used to control the amount of power received wirelessly.
The present invention is not limited to use with a secondary re-resonator circuit 66, and may not include
a secondary re-resonator circuit 66. Further, instead of receiving power wirelessly using the secondary
re-resonator circuit 66, the present invention may receive power via the secondary tank circuit 60
without a secondary re-resonator circuit 66.

[0046] It should be noted that the present invention is also not limited to use with series
resonant tank circuits and may instead be used with other types of resonant tank circuits and even with
non-resonant tank circuits, such as a simple inductor without a matching capacitance. And, although
the illustrated embodiment includes coils, the remote device 12 may include alternative inductors or
receivers capable of receiving power via a field or generating electrical power in response to a varying
electromagnetic field generated by the wireless power supply 10.

[0047]  The rectifier circuitry 54 and regulation circuitry 52 convert the AC power generated
in the wireless power receiver 70 into power for operation of the load 50. The regulation circuitry 52
may, for example, include a DC-DC converter in those embodiments where conversion to and
regulation of DC power is desired. In applications where AC power is desired in the remote device 12,
the rectifier 54 may not be necessary.

[0048]  The secondary communications transceiver 56 of this embodiment includes circuitry
adapted to modulate and demodulate information via the wireless power link with the wireless power
supply 10. To detect communication, the secondary communications transceiver 56 may use one or
more of a peak detector, a root-mean-square (RMS) detector, a frequency detector and a phase-shift-
keying (PSK) demodulator.

[0049]  With regard to communicating information to the wireless power supply 10, the
secondary communications transceiver 56 may selectively modulate a load characteristic of power to
create data communications on the power signal using a backscatter modulation scheme. For
example, the secondary communications transceiver 56 may apply a communication load to create
data communications on the power signal using amplitude modulation, or may control the overall load

or quality factor (Q factor) of the remote device 12. In operation, the secondary communication
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transceiver 56 may be configured to selectively couple the communication load to the wireless power
receiver 70 at the appropriate timing to create the desired data transmissions.

[0050] In the illustrated embodiment of Fig. 9, the remote device 112 is similar to the remote
device 12 of the current embodiment, with several exceptions. The wireless power receiver 170
includes communication loads 163, 165 in the secondary tank circuit 160 and secondary re-resonator
circuit 166 that may be selectively modulated to communicate information via the inductive power link.
The remote device 112 may also include a communication load 170 capable of being selectively
modulated to communicate information.

[0051] The communication loads 163, 165, 170 may be resistors or other circuit
components capable of selectively varying the overall impedance of the remote device 12 via switches
164, 167, 171. For example, as an alternative to a resistor, the communication load 163, 165, 170 may
be a capacitor or an inductor (not shown). Although the illustrated embodiments show three
communication loads 163, 165, 170, a single communication load or more or fewer than three
communication loads may be used. For example, the system may incorporate a dynamic-load
communication system in accordance with an embodiment of U.S. Application Serial No. 12/652,061
entitted COMMUNICATION ACROSS AN INDUCTIVE LINK WITH A DYNAMIC LOAD, which was filed
on January 5, 2010, and which is incorporated herein by reference in its entirety. Although the
communications load 163, 165, 170 may be a dedicated circuit component (e.g., a dedicated resistor,
inductor or capacitor), the communication load 163, 165, 170 need not be a dedicated component. For
example, in some applications, communications may be created by toggling the principle load 50 or
some portion of the principle load 50. The communications load 163, 165, 170 may also be located in
essentially any position in which it is capable of producing the desired variation in the impedance of the
remote device 12.

[0052] As noted above, the wireless power supply 10 and remote device 12 of the
illustrated embodiment are configured to communicate over the inductive power link. In this
embodiment, the wireless power supply 10 and remote device 12 communicate by modulation to create
digital communications on top of the power supply signal. In the illustrated embodiment, the remote
device 12 varies its load by modulating a resistor into the circuit. Although the illustrated embodiment
uses a communication resistor to create communications, the remote device 12 may alternatively
create load in other ways, for example, by applying a communications capacitor or some other internal
circuit component capable of varying the load with sufficient magnitude to create communication signals
that will reflect back to the wireless power supply 10 through reflected impedance. The wireless power
supply 10 and remote device 12 may be configured to communicate using essentially any data
encoding scheme.
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[0053] C. Methods of Operation.
[0054] The methods of the present invention are described primarily in the context of

embodiments in which the communication system 22 is communicating with one or more remote
devices 12.

[0055] Generally speaking, the wireless power supply 10 uses a sync signal to provide
timing information, including open communication time slots, closed time slots, and other application
information. The remote devices 12 may use this information to determine when and how to
communicate back to the wireless power supply 10. In this way, the remote devices 12 may avoid
communicating at the same time, preventing potential data collisions and data loss. For example, once
the sync signal is received, the remote devices 12 may randomly select which time slot to communicate
in. If the remote device then determines that its time slot has been properly assigned, it may
communicate during that time slot until power is removed or until the wireless power supply 10
reassigns time slots.

[0056] An embodiment of a method for controlling communication and power transfer in a
wireless power supply 10 will now be described with reference to the process 200 of Fig. 4 and the
timing diagrams of Figs. 7 and 8. The process primarily includes the steps of applying power,
transmitting a sync packet, listening for devices, assigning slots, controlling wireless power, shutting off
if no devices are present, and switching to a power control method for non-standard devices. The order
and scope of these steps may be different depending on the application and configuration of the
wireless power supply system, and some embodiments of the described method may have steps
omitted, added, or a combination thereof.

[0057] To control communication and power transfer, the wireless power supply 10 may
apply power to the wireless power transmitter 16 for a relatively short duration without communication,
and then send a sync communication packet identifying characteristics about itself, as well as listing the
number of open or assigned time packets. Steps 202 and 204. The sync communication packet in the
current embodiment is a bi-phase encoded packet where edges, or presence or absence of transitions,
indicate logical values in the packet. It should be understood that any encoding scheme may be used
to communicate information over the inductive power link using modulation, and that the present
invention is not limited to bi-phase encoding. Rather, a bi-phase encoded communication packet is
described herein for purposes of disclosure.

[0058] The sync communication packet may include a sync pulse (a logical one in the
current embodiment) that signals to any present remote devices 12 the start of communication, and that
a listing of open and assigned time slots will follow. The sync pulse and timing of communication may
be frequency dependent, lasting 512 cycles of the carrier in the current embodiment. As an example, if
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the carrier frequency is 100 kHz, the duration of the sync pulse is approximately 5 ms, and if the carrier
frequency is 200 kHz, the duration of the sync pulse is approximately 2.5 ms. Alternatively, the sync
pulse and timing of communication may be a predetermined time length that is not frequency
dependent. Because communication is being modulated over the inductive power link in the current
embodiment, the carrier frequency is the operating frequency of the wireless power supply 10. Timing
for the listing of open and assigned time slots is similar to the sync pulse.

[0059] In the current embodiment, the wireless power supply 10 has four available slots
for remote devices 12 to communicate in. There may be more or fewer slots in alternative
embodiments, but for purposes of disclosure the method 200 is described in connection with four time
slots. The time slots in the current embodiment are each 30 ms in duration to allow time for a remote
device 12 to transmit a 3 byte packet at 2 kbps (a 22.5 ms communication string). This configuration
may also allow time for the wireless power supply 10 to periodically adjust power levels (e.g., using a
proportional-integral-derivative (PID) algorithm) to comply with wireless protocol standards, such as the
Qi standard of the Wireless Power Consortium. The duration of the time slots and the power control
algorithm may each change from application to application.

[0060] For each of the four time slots, a bit field in the sync communication packet
transmitted from the wireless power supply 10 indicates whether a time slot is open or assigned. For
example, if the bit field for a time slot is a zero, that time slot has been assigned, and if the bit field is a
one, that time slot is available. With four time slots and a sync pulse, the sync communication packet in
this embodiment is approximately 25.6 ms in duration using a 100 kHz carrier wave.

[0061] Once the wireless power supply 10 has completed transmitting the sync
communication packet, including the sync pulse and the status of the time slots, it may modulate the
power signal at a constant level to identify to the remote devices 12 when each time slot is occurring.
Step 206. For example, as shown in the illustrated embodiment of Figs. 7 and 8, modulation over the
inductive power link may indicate a transition from high to low for the start of slot one, and then
transition from low to high to indicate the end of slot one and the start of slot two. The modulation
technique used to identify when each time slot is occurring may be the same as that used for the
communication packet, or may be a different modulation technique. For example, the sync
communication packet may be modulated over the inductive power link using frequency modulation,
while identification of each time slot may be modulated using amplitude modulation, both of which the
remote devices 12 may decode.

[0062] In this embodiment, the one or more remote devices 12 may communicate back to
the transmitter during their selected time slots, and the wireless power supply 10 may listen for

communication during each time slot.
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[0063] If no valid communication is received during a time slot, the wireless power supply
10 may proceed to the next time slot. Steps 208, 212 and 206. If after each time slot has passed, and
no communication is received during any of the time slots, the wireless power supply 10 may look for
presence of remote devices 12 and turn off for a period of time before restarting the process. Steps
212, 214 and 218. In this way, when no devices are present, the wireless power supply 10 may turn off
power to the wireless power transmitter 16 and apply small amounts of power at certain intervals in
order to reduce power consumption.

[0064] Alternatively, the wireless power supply 10 may try several times to initiate power
transfer in case, for example, remote devices 12 are present but data packet collisions are preventing
them from communicating with the wireless power supply 10. The wireless power supply 10 may be
configured to detect invalid data packets, and may retry to initiate power transfer for a predetermined
number of cycles or may continue to try and initiate power transfer until no communication packets—
valid or invalid—are detected.

[0065] If communication is received during a time slot, and that communication is a non-
standard packet of information, the wireless power supply 10 may switch to a control power method for
a single non-standard remote device 12. Steps 208 and 220. However, if the wireless power supply 10
detects that there are more remote devices 12, standard or non-standard, in addition to the non-
standard remote device 12, the wireless power supply 10 may shut down and alert the user. Steps 222
and 224. Shutting down in the presence of more than one remote device, one of which is non-
standard, may prevent data collisions and possible damage due to incorrect supply of wireless power.

[0066] If communication is received during a time slot, and that communication is a
standard packet of information, the wireless power supply may use that information to assign that time
slot to the remote device 12 from which the communication packet was sent. Steps 208, 210 and 212.
The wireless power supply 10 may also store any valid communication and continue until all the time
slots have been completed. Step 212.

[0067] Once the wireless power supply has completed assigning time slots, it may use the
information gathered about the remote devices 12 to either adjust power, maintain the same power, or
turn off power if there are no remote devices 12 present. Steps 214, 216 and 218. If a remote device
12 or a set of remote devices 12 have been identified, the wireless power supply 10 may determine
how the power needs to be adjusted, or if the power needs to be maintained. In one embodiment, such
a determination may be made based on the communication packet received from the one or more
remote devices 12. For example, the communication packet from the one or more remote devices 12

may include a control error packet (CEP) that provides information relating to a request to maintain
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power or to adjust power. It should be understood that the communication packet from the one or more
remote devices may not include a CEP.

[0068] If one remote device 12 has been identified, the wireless power supply may adjust
power according to the needs of that device. Step 216. The wireless power supply 10 may adjust
power by varying the operating frequency, resonant frequency, rail voltage, duty cycle, or switching
phase (if it is using a full bridge drive topology), but may use a different methodology for adjusting
power than the method for communicating in order to reduce data corruption or prevent confusion.
After the power is adjusted, the wireless power supply 10 may communicate to the remote device 12
information about which time slot the remote device 12 communicated back in, as well as information
about which time slots are still available. Step 204. More specifically, the wireless power supply 10
may indicate to the remote device 12 that the time slot in which the remote device 12 communicated
has been assigned to the remote device 12. This indication may be accomplished by toggling the bit
field associated with the assigned time slot in the next sync communication packet.

[0069] If more than one remote device 12 is present, the wireless power supply 10 may
determine if the power should be adjusted to meet the needs of the remote devices 12. Step 216. For
example, if two remote devices 12 are present, and both devices 12 require less power, then the
wireless power supply 10 may reduce the power being applied. If both devices 12 are at the
appropriate level of power, the wireless power supply 12 may maintain the power level being provided.
And, if either remote device 12 requests more power, the wireless power supply 10 may increase the
applied power to ensure that both devices have enough power. In a manner similar to the remote
device 12 example described above, after the power has been adjusted, if appropriate, the wireless
power supply 10 may communicate to the remote devices 12 information about which time slot the
remote device 12 communicated back in, as well as, information about which time slots are still
available.

[0070] The remote devices 12 in the current embodiment may communicate their power
needs to the wireless power supply 10, and may be configured to accept more power than required in
the event that the wireless power supply 10 is providing additional power for another remote device 12.
The remote device 12 may make adjustments to regulate power if it is receiving more than required,
including using the regulation circuitry 52 to reduce the voltage being received, reconfiguring the
impedance of the wireless power receiver 70, reconfiguring the rectifier 54, or varying the Q in order to
reach the desired voltage without requiring the wireless power supply 10 to reduce power.

[0071] Turning to a method for communicating from a remote device 12 to a wireless
power supply 10, the process 300, 400 and 500 will now be described with reference to Figs. 5 and 6.
The process primarily includes the steps of determining the type of wireless power supply 10, looking
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for an open slot to communicate in, checking for an acknowledgement from the wireless power supply
10, determining if there are other remote devices 12 present, determining if the wireless power supply
10 is responding appropriately, and checking to ensure the wireless power supply 10 is still
acknowledging presence. The order and scope of these steps may be different depending on the
application and configuration of the wireless power supply system, and some embodiments of the
described method may have steps omitted, added, or a combination thereof.

[0072] To communicate with the wireless power supply 10, the remote device 12 first waits
to receive power via the wireless power receiver 70. Step 302. If the remote device 12 fails to detect
modulated information or a sync communication packet over the wireless power link and wireless power
is still being supplied, the remote device 12 may operate as if the wireless power supply 10 receives
one-way communication. Steps 304, 322 and 324. In this configuration, for example, the remote
device 12 may communicate information such as a request for more or less power without
consideration for data collisions.

[0073] If the remote device 12 detects modulated information over the wireless power link,
it may wait for a sync communication packet or request a sync communication packet. Steps 306, 307
and 309. The remote device 12 may be configured to wait for (step 307) rather than request (step 309)
a sync communication packet in some embodiments. In embodiments where the remote device 12 is
configured to request a sync communication packet, the remote device 12 may communicate such a
request if it detects a wireless power supply 10 capable of communicating using the methods described
herein. Step 309. Once the sync communication packet has been detected, the remote device 12 may
look for available time slots in which it can communicate. Step 310. If a slot is not available, the
remote device 12 may continue to monitor the communication channel until a slot becomes available.
Steps 310, 306. However, if one or more slots are available, the remote device 12 may randomly select
one to communicate in. Step 312. Random selection may be performed to prevent multiple remote
devices 12, each similarly configured, from consistently selecting the same slot at the same time.

[0074] Based on the modulations from the wireless power supply 10 and shown in Fig. 7,
the remote device waits for an indication that its chosen slot has started in the sequence of
communication, and then transmits communication to the wireless power supply 10 using modulation
over the wireless power link during that slot. On the one hand, if the next sync communication packet
received from the wireless power supply 10 indicates that the chosen slot is not occupied, the remote
device 12 may select another slot to communicate in and again look for a change in the state of the
chosen slot in the following sync communication packet. Steps 312 and 314. These steps may be
repeated indefinitely until an acknowledgment is received from the remote device, or may be repeated a
finite number of times before the remote device 12 stops trying, and possibly provides an error
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indication the user. On the other hand, if the next sync communication packet received from the
wireless power supply 10 indicates that the chosen slot is now occupied, the remote device 12 may
understand the change in status of the chosen slot as an acknowledgement from the wireless power
supply 10 that the wireless power supply 10 has associated the chosen slot with the remote device 12.
Steps 312 and 314.

[0075] Next, the remote device 12 may review the sync communication packet to
determine if it is the only device being supplied power wirelessly or if there are more remote devices 12
in the system in addition to itself. If the remote device 12 is the only device, it may begin receiving
power according to the single device power control step 500. However, if the remote device 12 is one
of many remote devices 12 receiving power, the remote device 12 may begin receiving power
according to the multi-device power control step 400 (described in further detail below). Step 316.

[0076] Step 500 for receiving power in remote device 12, where no other remote devices
are identified as receiving power, is shown in further detail in the illustrated embodiment of Fig. 6. The
remote device 12 may communicate a control error packet (CEP) to the wireless power supply 12
during its assigned time slot. Steps 350 and 352. The CEP may include information relating to how
much power the remote device 12 desires. It should be understood that information in addition to the
CEP may also be transmitted, or that information without the CEP may be transmitted. If the remote
device 12 detects a power adjustment in response to its request for a change in power, the remote
device 12 may wait for the next sync communication packet, assuming that the wireless power supply
10 is receiving its requests and that communication remains established. Steps 354 and 360. Once
the next sync communication packet has been received, the remote device 12 may make a
determination, based on the number of slots assigned, whether to repeat the steps of receiving power
according to single device power control (step 350) or switch to the multi-device power control steps
400. If the next sync communication packet indicates that the time slot the remote device 12 believes
to be assigned to itself is, in fact, not assigned, then the remote device 12 may initiate assignment of a
time slot to communicate in, starting with step 306 described above. Steps 316 and 306.

[0077] At step 354, if the remote device 12 detects that power has not been adjusted
despite a request to the contrary, the remote device 12 may determine that communicated information
is not being received by the wireless power supply 10 in the assigned time slot. Based on this
determination, the remote device 12 may initiate assignment of a time slot to communicate in, starting
with step 306 described above. Steps 354 and 306.

[0078] Step 400 for receiving power in the remote device 12 along with additional remote
devices 12 is shown in further detail in the illustrated embodiment of Fig. 6. The remote device 12 may
communicate a CEP to the wireless power supply 12 during its assigned time slot. Steps 340 and 342.
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As described above, the communication packet may also include additional information other than the
CEP, or may include information without the CEP. In the illustrated embodiment, if the remote device
12 communicates a request to decrease power, the remote device 12 may wait for the next sync
communication packet similar to the method of step 500 described herein. Steps 344 and 360.
Because the remote device 12 in this embodiment may be configured to accept more power than
needed, the remote device 12 may not take additional steps if power is not decreased in response to a
request to decrease power. In alternative embodiments, the remote device 12 may determine whether
to initiate assignment of a time slot to communicate in if power does not decrease in response to such a
request. If the remote device 12 has not requested a change in power, or if the communication packet
sent to the wireless power supply 10 does not include a CEP, the remote device may wait for the next
sync communication packet. Step 360.

[0079] In the current embodiment, if the remote device 12 communicates a request to
increase power, but determines that power has not increased as requested, then the remote device 12
may determine that communicated information is not being received by the wireless power supply in the
assigned time slot. Steps 346 and 348. Based on this determination, the remote device 12 may initiate
assignment of a time slot to communicate in, starting with step 306 described above. Steps 348 and
306. If, however, the remote device 12 detects an increase in power in response to its request for such
an increase, the remote device 12 may wait for the next sync communication packet, assuming that the
wireless power supply 10 is receiving its requests and that communication remains established. Steps
348 and 360. Once the next sync communication packet has been received, the remote device 12 may
make a determination, based on the status of the time slots, whether to repeat the steps of receiving
power according to multi-device power control (step 340) or to switch to the single device power control
steps 500. If the next sync communication packet indicates that the time slot the remote device 12
believes to be assigned to itself is, in fact, not assigned, then the remote device 12 may initiate
assignment of a time slot to communicate in, starting with step 306 described above. Steps 316 and
306.

[0080] D. Second Embodiment.

[0081] In a second embodiment of the present invention, the system and method of a

wireless power supply and a remote device are similar to those described herein with respect to the
wireless power supply 10 and remote device 12, with several exceptions. The second embodiment
may use a system and method similar to those of the current embodiment, and may further include a
remote device 12 configured to detect how many remote devices are placed on the same wireless
power supply 10 and to vary their power control methods based on the number of devices detected.
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[0082] In this embodiment, when a remote device 12 chooses a time slot, it checks the
following sync communication packer from the wireless power supply 10 to determine if the time slot
chosen is now acknowledged by the wireless power supply 10 as being occupied. However, if two
remote devices 12 have chosen the same time slot, and the wireless power supply 10 is able to receive
a full communication packet from one remote device 12 but not the other, the remote device 12 that is
unable to communicate a full packet may assume that the wireless power supply 10 was able to receive
its information. This may occur when two remote devices 12 are placed on the wireless power supply
10 at one time, but one remote device 12 may be closer, or may have a modulator that modulates its
load at a much higher level so that the modulator on the second remote device 12 does not affect the
power signal enough to cause data corruption.

[0083] If a wireless power supply 10 has missed a communication packet that the remote
device 12 assumes to have been received, the remote device 12 may be able to operate while the
power being supplied is sufficient; however, the remote device 12 may not be able to communicate to
the primary a request for increased power. If a remote device 12 is able to determine that the wireless
power supply 10 has not been able to receive communication packets, the remote device 12 may check
to see how many available time slots are left, and choose one of the remaining time slots, if available,
to communicate in.

[0084] In response to the wireless power supply 10 sending a sync communication packet
acknowledging only one assigned time slot, the remote device 12 may expect the wireless power
supply 10 to adjust power if the remote device 12 requests more power or less power. In this second
embodiment, if the wireless power supply 10 does not adjust the power when requested, the remote
device 12 may change time slots on the chance that there may be another remote device 12
communicating with the wireless power supply 10 using the same time slot. If the wireless power
supply 10 (a) acknowledges the new time slot, (b) indicates that there is still only one remote device 12,
and (c) still does not adjust power, the remote device 12 may decide to turn off, send an error message,
warn the user, or any combination thereof.

[0085] In response to the wireless power supply 10 acknowledging multiple assigned time
slots, a remote device 12 may maintain its time slot when the wireless power supply 10 does not reduce
the power based on a request from the remote device 12. However, the remote device 12 may then
search for a new time slot if the wireless power supply 10 does not increase the power based on a
request from the remote device. If a wireless power supply does not respond after a new time slot is
found and acknowledged, the remote device 12 may turn off, continue requesting less power, send an
error message, warn the user, reduce the maximum power it is configured to supply to the load, or any

combination thereof.
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[0086] In an alternative embodiment, a remote device 12 may decide not to request less
power in response to determining that multiple devices are being powered by the wireless power supply
10. In this case, the remote device 12 may still communicate its presence to the transmitter, but may
not request any change in power until the remote device 12 requires more power.

[0087] E. Third Embodiment.

[0088] In a third embodiment of the present invention, the system and method of a wireless

power supply and a remote device are similar to those described herein with respect to the wireless
power supply 10 and remote device 12, with several exceptions. The third embodiment may use a
system and method similar to those of the current embodiment, and may further include a wireless
power supply 10 configured to request that a remote device 12 reduce its power consumption. The
wireless power supply 10 may request that a remote device 12 reduce its consumption if certain criteria
are met: (a) if the maximum power available to the wireless power supply 10 is reached, (b) if the
wireless power supply 10 determines there are foreign objects within the active magnetic field, (c) if
another remote device 12 requests an urgent desire to reduce power in the field, or (d) if the wireless
power supply 10 detects an over temperature situation within itself.

[0089] F.  Fourth Embodiment.

[0090] In a fourth embodiment of the present invention, the system and method of a

wireless power supply and a remote device are similar to those described herein with respect to the
wireless power supply 10 and remote device 12, with several exceptions. The fourth embodiment may
use a system and method similar to those of the current embodiment, and may further include a remote
device 12 that may vary the impedance of its modulation element(s) depending on the configuration.

[0091] In this embodiment, for example, if the remote device 12 desires to send a high
priority message, it may use a separate or additional modulator that causes a modulation large enough
to overpower the modulators of other remote devices 12, and may decide to send the information at any
point in time, rather than waiting for its assigned time slot. The remote device 12 may also request that
the wireless power supply 10 resend a sync communication packet if the remote device 12 has
determined there may be multiple remote devices 12 being powered and the wireless power supply 10
has not been able to receive the communication packets being sent by the remote device 12. In an
alternative embodiment, the remote device 12 may request a new sync communication packet if it has
just been placed on the wireless power supply 10, or if it has determined that the system timing is
incorrect.

[0092] G. Fifth Embodiment.

[0093] In a fifth embodiment of the present invention, the system and method of a wireless

power supply and a remote device are similar to those described herein with respect to the wireless
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power supply 10 and remote device 12, with several exceptions. In this embodiment, a non-standard
device (e.g., a remote device 12 capable of receiving and controlling power but not utilizing the current
communication embodiment) is detected and powered utilizing a communication protocol supported by
the non-standard device.

[0094] The wireless power supply 10 may be configured to detect remote devices 12 that
may be able to receive wireless power and communicate, but that may not be able to receive
communication from the wireless power supply 10. The wireless power supply 10 may detect these
remote devices 12 using their identification information sent during communication, or because
communication packets are not being received by the wireless power supply 10 during the assigned
time slot. In this situation, the wireless power supply 10 may stop sending its sync communication
packets and slot timing information, and simply adjust power for the remote device 12 that is present.

[0099] Remote devices 12 that may be considered “non-standard” devices may be a
different version or a previous version of the remote devices 12 described herein that are configured to
communicate with the wireless power supply using one or more methods of the present invention. For
example, non-standard devices may be configured only for close coupled situations, while the wireless
power supply 10 may be configured with a re-resonator 40 to supply power at an extended range to one
or more remote devices 12.

[0096] In one embodiment, an adaptor including a resonating coil may be added to the
non-standard remote device 12, enabling it to receive power at an extended range while providing
communication back to the wireless power supply 10. However, this remote device 12 may not be able
to receive bi-directional communication and may not be able to send its communication packets at the
appropriate time, potentially causing data corruption when multiple remote devices 12 are frying to
communicate.

[0097] In this configuration, the wireless power supply 10 may only support one non-
standard remote device 12, and if a second remote device 12 is placed, it sends an error message,
alerts the user, removes power, or any combination thereof. In an alternative embodiment, if the
wireless power supply 10 is supplying power to one or more standard remote devices 12 and a non-
standard device 12 is placed near the wireless power transmitter 16, the wireless power supply 10 may
again send an error message, alert the user, remove power, or any combination thereof.

[0098] H.  Sixth Embodiment.

[0099] In a six embodiment of the present invention, the system and method of a wireless

power supply and a remote device are similar to those described herein with respect to the wireless
power supply 10 and remote device 12, with several exceptions. The sixth embodiment may use a
system and method similar to those of the second embodiment, and may further include remote devices
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12 configured to detect how many remote devices 12 are being placed in proximity to the same wireless
power supply 10 and to vary their power control methods based on the number of devices detected.

[00100] In this embodiment, the method of communication may allow for messages of
varying importance from the remote device. This may, notably, help mitigate circumstances where the
remote device 12 is experiencing field strength in excess of what it is capable of dissipating or
otherwise regulating to acceptable levels. The remote device 12 may then send a message of higher
priority indicating that it is unable to tolerate more power. The wireless power supply 10 may then
cease increasing power even if other remote devices 12 are asking for more.

[00101]  There may be several tiers of priority for control error messages. Highest priority
may be associated with an “overvoltage danger” or another message indicating a condition that would
be potentially unrecoverable, causing damage to the device. Second priority may be associated with
‘under-voltage danger” or other messages indicating a recoverable condition. This second priority
condition may include any time a remote device sees operation below its normal ability, whether that is
communication or power. Third priority may be associated with a power control message, indicating the
remote device 12 desires more power. For example, the remote device 12 may place a higher priority
on power needs if its battery is nearly discharged and power is needed quickly. Normal messages sent
when the remote device 12 is within its acceptable operating range may be standard priority. These
messages, regardless of priority, may be sent in the same time slot and with the same modulator. The
priority of the messages may be indicated at the beginning of the data packet.

[00102] I.  Seventh Embodiment.

[00103] In a seventh embodiment of the present invention, the system and method of a

wireless power supply and a remote device are similar to those described herein with respect to the
wireless power supply 10 and remote device 12, with several exceptions. Referring to the sync
communication packet, as illustrated in Fig. 7, this seventh embodiment may include a wireless power
supply 10 configured to request additional information from a remote device 12 using the sync
communication packet. For example, instead of indicating the available time slots to a remote device
12, the sync communication packet may also be formatted to contain unique identifiers that remote
devices 12 could recognize. These identifiers may contain a request for information about how much
power each remote device 12 is currently receiving instead of a control packet. Such a feature may
allow a wireless power supply 10 to reconcile power and determine if excess power is being lost into
nearby metallic objects. The unique identifiers may also include a request for other information from
the remote devices 12 for things such as maximum power required, minimum power required, remote

device identifier or a combination thereof.
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[00104] Referring again to Fig. 7, the main transmitter sync packet (TX Sync) can utilize
digital bi-phase data encoding where “edges” are indicated by toggling of an LSB on the transmitter
period control register. For example, the bit time can be equivalent to 512 cycles of a carrier (where
timing is frequency dependent), the first sync bit is always ‘1’, and the last four sync bits represent a bit
field of available time slots. The time slot sync (Time Slot 1) utilizes a single frequency change,
indicated by toggling of an LCB of the transmitter period control register. Also shown in Fig. 7, the time
slots can be about 30 ms in the present embodiment, based on a) RX transmission time of 22.5 ms for
a 3-byte packet at 2 Kbps, b) a TX PID window of approximately 30 ms, and c¢) a 5-bit TX Synx at 100
kHz transmitting in 25.6 ms. The time slot can be above or below 30 ms in other embodiments as
desired.

[00105] J. Eighth Embodiment.

[00106] In an eighth embodiment of the present invention, the system and method of a

wireless power supply and a remote device are similar to those described herein with respect to the
wireless power supply 10 and remote device 12, with several exceptions. The eighth embodiment may
use a system and method similar to those of the current embodiment, and may further include remote
devices 12 that may have a range of operation, or range status information, communicated to the
transmitter. In one embodiment, this range may be received voltage, but in alternative embodiments,
the range may also be power, current, or magnetic field strength, or a combination thereof, including
combinations with voltage. Regarding control of the wireless power supply 10, understanding the limits
of each remote device 12 within the control region may help the wireless power supply 10 control
delivery of wireless power. For example, if each remote device 12 sends its limits to the wireless power
supply 10, the wireless power supply 10 may make informed decisions about how much power to
supply.

[00107]  Another example of the wireless power supply 10 making informed decisions
includes circumstances in which the remote device is limiting its Q. Although limiting the Q may be
managed in the remote device 12 independently of the wireless power supply 10, a remote device 12 in
which the Q is limited may have a voltage range of operation that may be communicated to the wireless
power supply 12. The communication about the range of operation may include limit information as
well as information relating to the current operating parameters of the remote device 12. For example,
the communication may include information such as x% of limit, high limit =y, low limit = z, which may
be transmitted in a control message from each remote device 12. This information may allow for one to
many power control of the wireless power supply 12 to function for the remote devices 12 within the
control region of the wireless power supply 10.
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[00108]  For purposes of disclosure, the parameters being communicated from the remote
devices 12 include range information, but the present invention is not limited to this information.
Communicated parameters may include information on foreign object detection thresholds, variables
and constants, voltage limits, parasitic properties over a range, best mode for efficiency, power
requirements based on usage or time (priority power), best mode for standby power, and negotiated
power (allowable level and limits), and combinations thereof.

[00109]  When multiple remote devices 12 are being powered by wireless power supply 10,
the ranges communicated to the wireless power supply 10 may determine how the wireless power
supply 10 adjusts for given requests for more or less power. For example, if one remote device 12
requests additional power and the wireless power supply 12 is able to determine that the resulting
adjustment would allow both remote devices 12 to operate within their communicated range, the
wireless power supply 10 may be able to adjust the power to meet the power needs of both remote
devices 12. However, if one remote device 12 is using less power and is already operating at the top of
its range, the wireless power supply 10 may ignore a request from a different remote device 12 asking
for more power, assuming the different remote device 12 is operating within its acceptable range.

[00110] As an example, in order to approximate the acceptable range of a remote device
12, the wireless power supply 10 may take into account the communicated range, the power being
received by remote device 12, the size of the coils of the remote devices 12, the distance each remote
device 12 is from the wireless power supply 10, and the type of each remote device 12 in order to
approximate the resulting range. This approximation may be useful because the range communicated
by a remote device 12 may be the range of acceptable voltages it receives. Calculating the acceptable
range and taking into account the acceptable range of the wireless power transmitter 16 of the wireless
power supply 10 may aid accurate control of the system.

[00111]  The above description is that of current embodiments of the invention. Various
alterations and changes can be made without departing from the spirit and broader aspects of the
invention. This disclosure is presented for illustrative purposes and should not be interpreted as an
exhaustive description of all embodiments of the invention or to limit the scope of any claims to the
specific elements illustrated or described in connection with these embodiments. For example, and
without limitation, any individual element(s) of the described invention may be replaced by alternative
elements that provide substantially similar functionality or otherwise provide adequate operation. This
includes, for example, presently known alternative elements, such as those that might be currently
known to one skilled in the art, and alternative elements that may be developed in the future, such as
those that one skilled in the art might, upon development, recognize as an alternative. Further, the
disclosed embodiments include a plurality of features that are described in concert and that might
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cooperatively provide a collection of benefits. The present invention is not limited to only those
embodiments that include all of these features or that provide all of the stated benefits, except to the
extent otherwise expressly set forth in the issued claims.
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CLAIMS
The embodiments of the invention in which an exclusive property or privilege is
claimed are defined as follows:
1. A wireless power supply for transferring power to at least one remote device, said wireless
power supply comprising:

a wireless power transmitter for transferring power to the at least one remote device, said
wireless power transmitter configured to form an inductive power link between said wireless power
supply and the at least one remote device;

a communication circuit coupled to said wireless power transmitter, said communication circuit
configured to transmit and receive information from the at least one remote device via said inductive
power link, wherein said information transmitted to the at least one remote device provides timing
information to the at least one remote device about time slots in which said communication circuit is
configured to receive communication from the at least one remote device.

2. The wireless power supply of claim 1 wherein said wireless power supply is configured to
transfer power to a plurality of remote devices, and wherein said communication circuit is configured to
assign each of the remote devices to one of said time slots.

3. The wireless power supply of claim 1 wherein said information includes a plurality of bit fields
each indicating a state of one of said time slots, and wherein said state identifying whether each of said
time slots is assigned or open.

4. The wireless power supply of claim 3 wherein the communication circuit is configured to
change a state of one of said time slots in response to receiving communication from the at least one
remote device in said one of said time slots.

5. The wireless power supply of claim 3 wherein said information includes a sync pulse that alerts
the at least one remote device to expect said plurality of bit fields.

6. The wireless power supply of claim 1 wherein said communication circuit is configured to adjust
a first characteristic of power in response to messages received in time slots assigned to the at least
one remote device.

7. The wireless power supply of claim 6 wherein said communication circuit is configured to
modulate information over said inductive power link by varying a second characteristic of power.

8. The wireless power supply of claim 7 wherein said first and second characteristic of power
include at least one of operating frequency, resonant frequency, rail voltage, duty cycle, and phase, and
wherein said second characteristic of power is different from said first characteristic of power.

9. A method of operating a wireless power supply system to transfer power to at least one remote
device, said method comprising:
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placing the remote device in sufficient proximity to a wireless power supply to form an inductive
power link between the wireless power supply and the remote device;

operating the wireless power supply to transfer power to the remote device via the inductive
power link;

transmitting, from the wireless power supply, a communication packet to the remote device via
the inductive power link, the communication packet having timing information about time slots in which
the wireless power supply is configured to receive communication from the remote device; and

receiving, in the wireless power supply, a message from the remote device.
10. The method of claim 9 wherein said receiving includes receiving the message from the remote
device in one of the time slots, and further comprising associating the remote device with the one of the
time slots.
1. The method of claim 10 further comprising:

associating a state with each of the time slots, the state indicating whether each of the time
slots is assigned or open; and

in response to associating the remote device with one of the time slots, changing the state of
one of the time slots from open to assigned; and

re-transmitting the communication packet, the communication packet including information
about the state of each of the time slots.
12. The method of claim 10 further comprising receiving, in the wireless power supply, a second
message from another remote device in another of the time slots; and associating the another remote
device with the another of the time slots.
13. The method of claim 9 further comprising adjusting a characteristic of power transferred to the
remote device based on the message received from the remote device.
14. The method of claim 13 wherein the characteristic of power includes at least one of operating
frequency, resonant frequency, rail voltage, duty cycle, and phase.
15. The method of claim 9 further comprising configuring for single power control mode in response
to the message from the remote device being a non-standard packet of information.
16. The method of claim 9 further comprising periodically supplying power and shutting off in
response to determining the at least one remote device is absent from a coupling region of the wireless
power supply.
17. A remote device for receiving power from a wireless power supply, said remote device being
separable from the wireless power supply, said remote device comprising:

a wireless power receiver for generating electrical power in response to a field

generated by the wireless power supply;

-7 -



WO 2013/176751 PCT/US2013/031126

communication circuitry for communicating to and from the wireless power supply; and

a load coupled to said wireless power receiver, said load for receiving electrical power
generated in said wireless power receiver in response to said field;

wherein said communication circuitry is configured to receive information relating to a
plurality of time slots in which the wireless power supply is configured to receive communication from
said remote device, wherein said communication circuitry is configured to select one of said plurality of
time slots to communication in, and wherein said communication circuitry is configured to transmit a
message in said selected time slot.
18. The remote device of claim 17 wherein said communication circuitry is configured to select said
selected time slot based on an indication in said received information that said selected time slot is
available for communication.
19. The remote device of claim 18 wherein said communication circuitry is configured to wait for
the wireless power supply to indicate a start of said selected time slot before transmitting said message.
20. The remote device of claim 17 wherein said message includes information relating to a request
to adjust an amount of power being transmitted by the wireless power supply via the field.
21. The remote device of claim 17 wherein said communication circuitry is configured to select a
different time slot in response to information received from the wireless power supply indicating that a
state of said selected time slot remains unchanged from an open state.
22. The remote device of claim 21 further comprising regulation circuitry configured to regulate
power being received by at least one of reducing power being received, reconfiguring an impedance of
said wireless power receiver, reconfiguring rectification circuitry, and varying a Q of said remote device.
23. The remote device of claim 17 wherein said communication circuitry is configured to control
whether said remote device is in a multi-device power control mode or a single-device power control

mode.
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