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SYSTEM, METHOD AND DEVICE FOR WIRELESS POWER TRANSFER

BACKGROUND

[0001] Battery-powered, portable electronic devices have become popular because of
the ease of use they provide. Wireless power transfer systems have been implemented
to recharge the batteries of such devices, even while they are in use. Wireless power

transfer systems transfer electrical power, without wired connections, using inductive

coupling or magnetic resonance coupling.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0002] The accompanying figures, where like reference numerals refer to identical or
functionally similar elements throughout the separate views, together with the detailed
description below, are incorporated in and form part of the specification, and serve to
further illustrate embodiments of concepts that include the claimed invention, and

explain various principles and advantages of those embodiments.

[0003] FIG. 1A is aside view of a wireless power transfer system in accordance with

some embodiments.

[0004] FIG. 1B is a diagram of a wireless power transfer system in accordance with

some embodiments.
[0005] FIG. 2 is a diagram a charging holder in accordance with some embodiments.

[0006] FIG. 3 is a diagram of a base unit coupled to charging holders in accordance

with some embodiments.

[0007] FIG. 4 illustrates an occupied charging holder and an unoccupied charging

holder charging a portable electronic device in accordance with some embodiments.

[0008] FIG. 5 illustrates two adjacent occupied charging holders charging a portable

electronic device in accordance with some embodiments.

[0009] FIG. 6 illustrates charging of two portable electronic devices placed on

adjacent charging holders in accordance with some embodiments.
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[0010] FIG. 7 illustrates charging a portable electronic device using a repeater

configuration in accordance with some embodiments.

[0011] FIG. 8 illustrates a locking mechanism for a charging holder in accordance

with some embodiments.

[0012] FIG. 9A illustrates a charging holder unplugged from a power plug interface

1n accordance with some embodiments.

[0013] FIG. 9B illustrates a charging holder plugged into a power plug interface in

accordance with some embodiments.

[0014] FIG. 10 through FIG. 14 illustrates a flow chart of a method of operating a

wireless power transfer system of FIG.1 in accordance with some embodiments.

[0015] Skilled artisans will appreciate that elements in the figures are illustrated for
simplicity and clarity and have not necessarily been drawn to scale. For example, the
dimensions of some of the elements in the figures may be exaggerated relative to
other elements to help to improve understanding of embodiments of the present

invention.

[0016] The apparatus and method components have been represented where
appropriate by conventional symbols in the drawings, showing only those specific
details that are pertinent to understanding the embodiments of the present invention so
as not to obscure the disclosure with details that will be readily apparent to those of

ordinary skill in the art having the benefit of the description herein.

DETAILED DESCRIPTION OF THE INVENTION
[0017] One exemplary embodiment provides a wireless charging system that includes
a plurality of charging holders positioned adjacent to each other. Each charging
holder includes a first transmit coil configured to wirelessly transfer power, a second
transmit coil positioned opposite the first transmit coil and configured to wirelessly
transfer power, a shield positioned between the first transmit coil and the second
transmit coil, and a sensor configured to sense a presence of a portable electronic

device on an adjacent charging holder.

[0018] Another exemplary embodiment provides a method of operating a wireless

charging system. The method includes generating a first magnetic field using a first
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transmit coil in a first charging holder; generating a second magnetic field using a
second transmit coil in a second charging holder positioned adjacent to the first
charging holder; and magnetically coupling the first magnetic field and the second
magnetic field to a receive coil of a portable electronic device. Magnetically coupling
includes transferring power from the first magnetic field and the second magnetic
field to the receive coil of the portable electronic device and synchronizing a phase of

the first magnetic field and a phase of the second magnetic field..

[0019] FIG. 1 is an illustration of a side view of one exemplary embodiment of a
wireless power transfer system 100. The term “wireless power transfer,” as used
herein, refers to the wireless transfer of electrical power by the inductive coupling or
magnetic resonance coupling of two or more magnetic induction coils (referred to
collectively herein as “inductive coupling”). Magnetic induction coils so coupled
may be referred to herein as being magnetically coupled or inductively coupled. The
wireless power transfer system 100 includes wireless charging holders 104, 106, 108,
110, 112 mounted on a base unit 102 and a portable electronic device 105 placed on
charging holder 104 (hereinafter referred to as occupying charging holder 104). As
explained below, alternative embodiments may include different types of charging
holders (such as wands, cups, poles, posts, or other components configured to hold a
portable device) that can be detachably mounted on base unit 102 and different types
of portable electronic devices (such as smart vests or other wearable electronic
devices, etc.) or may include additional components. In Fig. 1, wireless charging
holder 114 is coupled to base unit 102 using connecting pins 115 that can be inserted
into socket 117 of base unit 102. Base unit 102 is coupled to a wall socket 120 via a

power plug 118 to receive electric power.

[0020] FIG. 1B is diagram of one exemplary embodiment of a wireless power transfer
system 150. The wireless power transfer system 100 includes a wireless charging
holder 104 and a portable electronic device 105. The wireless charging holder 104
includes a holder receive coil 135, a charging circuit controller 136 and a charging
coil 137. The wireless charging holder 104 includes other components, described in
detail below. In some embodiments, the wireless charging holder 104 may include

other digital and analog components, which for brevity are not described herein and
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which may be implemented in hardware, software, or a combination of both, for
controlling the components of the wireless charging holder 104. In some
embodiments, charging circuit controller 136 provides a wireless power signal to the
wireless charging coil. In another embodiment, the charging coil 137 can receive
wireless power from a receive coil 135, wherein the holder receive coil 135 and
charging coil 137 are magnetic induction coils electrically connected to each other.
The holder receive coil 135 is configured to receive (for example, via resonant
induction) a wireless power signal and transfer the wireless power signal to the
charging coil 137. The wireless power signal provided to the charging coil 137
generates an alternating electrical current in the charging coil 137, which current

creates a time-varying magnetic field around the charging coil 137.

[0021] Portable electronic device 105 includes a receive coil 129, a mode coil 122, an
electronic controller 123, a battery bank 125, a transmit coil 127, and the accessory
127 and other various modules and components that are coupled to each other by or
through one or more control or data buses that enable communication there between.
The use of control and data buses for the interconnection between and exchange of
information among the various modules and components would be apparent to a
person skilled in the art in view of the description provided herein. In alternative
embodiments, some or all of the components of the portable electronic device 105
may be communicatively coupled using suitable wireless modalities (for example, a
Bluetooth® interconnection or a near field communication interconnection).
Alternative embodiments may include more or fewer of each of these components,
may combine some components, or may include other alternative components. The
components may be integrated within the portable electronic device 105, or may be
externally coupled and modular, for example, to enable the removal or addition of

some of the components.

[0022] Receive coil 129 includes a magnetic induction coil capable of receiving
electrical power via induction coupling to, for example, the charging coil 137 of
wireless charging holder 104. When the charging coil 137 is placed in proximity to,
for example, the receive coil 129 of the portable electronic device 105, the time-

varying magnetic field (according to Faraday’s law of induction) induces an electrical
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field (current) in the receive coil 129, thereby wirelessly transferring power to the
portable electronic device 105. The strength of the induced field, and the thus the
power transferred, decreases exponentially with the distance of the receive coil 129
from the charging coil 137. Accordingly, the receive coil 129 must be within the
inductive power transfer range of the charging coil 137 for wireless power transfer to

occur.

[0023] Mode coil 122 is a magnetic induction coil electrically coupled to the
electronic controller 123 and operates as a sensor to sense a magnetic field. In some
embodiments, the electronic controller is a microcontroller that includes an electronic
processor, a memory and an input/output interface. The electronic controller 123 also
includes software stored in memory (not illustrated) and executed by the electronic
processor to control other components of the portable electronic device 105 as

described herein.

[0024] Battery bank 125 includes one or more rechargeable batteries and other
various digital and analog components and/or circuits (not shown) for receiving and
supplying electrical power. Battery bank 125 operates to supply electrical power
from the batteries of the battery bank 125 to the other components of the portable
electronic device 105. Battery bank 125 also operates to receive electrical power
from the receive coil 129 and distribute the received power to charge the batteries of
the batter bank 125, operate the other components of the portable electronic device
105, or both. Battery bank 125 is controlled by the electronic controller 123 to
generate a current in the transmit coil 127. In some embodiments, the transmit coil
127 is positioned within a smart vest to provide power to a body-wom electronic
device, for example a portable communications device 140. Alternative embodiments
of the portable electronic device 105 include multiple transmit coils capable of
simultaneously wirelessly transferring power to multiple external devices using

electrical power provided by the battery bank 125.

[0025] Accessory 121 is controlled by the electronic controller 113 and receives
electrical power from the battery bank 125. In some embodiments, the accessory 121
may be a body-worn camera. In other embodiments, the accessory 121 may be a

remote speaker microphone (RSM). In some embodiments, the accessory 121 may be
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a sensor or sensors, for example, accelerometers, temperature sensors, force sensors,
and the like. In other embodiments, accessory 121 may be an intelligent system that
includes many electronic or electro-mechanical components. Examples of intelligent
systems include a health monitoring system, a body temperature control system, an
integrated radio communication system, and a holster-camera alert system. For ease
of description, the illustrated embodiment of the portable electronic device 105
includes a single accessory 121. Alternate embodiments of the smart vest shown in
FIG. 1B include at least one accessory 121 and may include more than one or some

combination of, the foregoing embodiment.

[0026] Portable electronic device 105 shown in Fig. 1B is a smart vest in the form of
a garment which includes various integrated electronic components to monitor, assist,
or provide communications for, the wearer. In certain embodiments described herein,
the portable electronic device 105 has particular usefulness for utility, transportation,
construction, manufacturing and public safety personnel. However use of portable
electronic device 105 of the wireless power transfer system 150 is not limited to
work-related applications. For example, person engaging in outdoor sports, such as
hiking, cycling or hunting, may use an embodiment of the portable electronic device
105 that includes integrated electronic components to assist specifically for those
activities. Accordingly, the systems and methods described herein are not limited in
their application to smart vests. Alternative embodiments may include other types of
smart garments (for example, a smart utility belt) and non-garment portable electronic

devices (for example, portable radios and portable telephones).

[0027] FIG. 2 is a diagram of an exemplary embodiment of a charging holder 200.
The charging holder 200 includes transmit modules 210 and 220, a shield 204 and a
base connector 202. Transmit module 210 includes a controller 211, a power supply
212, a power amplifier 214, a matching circuit 216, a transmit coil 218, a frequency
generation and phase synchronization circuit 213, a near field module (e.g.,
Bluetooth® LE) module 217, one or more infrared transceivers 219 and a
communication module 215 that are coupled to each other by or through one or more
control or data buses that enable communication there between. The use of control

and data buses for the interconnection between and exchange of information among
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the various modules and components would be apparent to a person skilled in the art
in view of the description provided herein. Power supply 212 receives electrical

power from a base unit via a connector 202.

[0028] In the example illustrated, transmit module 220 includes a controller 221, a
power supply 222, a power amplifier 224, a matching circuit 226, a transmit coil 228,
a frequency generation and phase synchronization circuit 223, a Bluetooth® LE
module 227, one or more infrared transceiver based phase synchronization circuit 229
and a communication circuit 225 that are coupled to each other by or through one or
more control or data buses that enable communication there between. The use of
control and data buses for the interconnection between and exchange of information
among the various modules and components would be apparent to a person skilled in
the art in view of the description provided herein. Power supply 222 is configured to

receive electrical power via a connector 202,

[0029] Transmit modules 210 and 220 are positioned such that the transmit coil 218
and transmit coil 228 are opposite from one another insulated from each other using
shield 204. In some embodiments, the one or more infrared transceiver based phase
synchronization circuit 229 are arranged on a side surface of charging holder 200 such

that they face an adjacent charge holder.

[0030] FIG. 3 is a diagram of an exemplary embodiment showing a base unit 302
coupled to charging holders 310, 320, and 330. Base unit 302 includes phase
synchronization circuit 318 and charging holder connectors 312, 314, and 316.
Charging holder connectors 312, 314 and 316 provide connection to charging holders
310, 320 and 330, respectively. Base unit 302 is coupled to power plug 320 to receive
electrical power for the wireless charging system 100. Conducted phase
synchronization circuit 318 and the infrared transceiver based phase synchronization
circuit 229 can be either coexist to provide flexibility of either using conducted or
wireless phase synchronization method in the wireless charging system, or only either
conducted phase synchronization circuit 318 alone or the infrared transceivers based

phase synchronization circuit 229 alone exist in the wireless charging system.

[0031] FIG. 4 illustrates an exemplary embodiment of an occupied charging holder
430 and an unoccupied charging holder 440 charging a portable electronic device 460.

5



WO 2017/200702 PCT/US2017/028858

Occupied charging holder 430 includes infrared (IR) transceivers 438 and 439,
transmit coil 432 and transmit coil 434 positioned opposite the transmit coil 432. A
shield 424 is positioned between the transmit coils 432 and 434. The charging holder
430 also includes controller 420, and switches 422-1 and 422-2. Controller 420
controls operation of switches 422-1 and 422-2 that in turn controls the flow of
electrical power into transmit coils 432 and 434, respectively. Similarly, controller
450 controls operation of switches 441-1 and 441-2 that in turn controls the flow of
electrical power into transmit coils 442 and 444, respectively. In some embodiments,
portable electronic device 460 includes a receive coil 416 coupled to a radio circuit
427. In other embodiments, portable electronic device 460 would include further

components as described elsewhere in this document.

[0032] In some embodiments, when portable electronic device 460 is placed on
charging holder 430, controllers 420 and 450 turn on switches 422-2 and 441-1
respectively such that transmitter coils 434 and 442 receive electric power and begin
wireless power transfer to receive coil 416. In some embodiments, infrared
transceivers 438 and 439 are configured as a sensor to determine if a portable
electronic device 460 is placed on charging holder 430. In other embodiments,
infrared transceivers 439 and 448 are configured as sensors to determine the distance
between transmitter coils 434 or 442 and portable electronic device 460. In some
embodiments, infrared transceivers 439 and 448 include a phase synchronization
circuit configured to generate a phase synchronization signal used for matching (or

synchronizing) the phase of signals generated by transmit coils 434 and 442.

[0033] FIG. 5 illustrates an exemplary embodiment having two adjacent occupied
charging holders 510 and 530 charging a portable electronic 520. Occupied charging
holder 510 includes infrared (IR) transceivers 514 and 515, transmit coils 513 and 523,
controller 511, switch 501 and switch 502, and a shield to insulate the transmit coils
512 and 523 from each other. Similarly, occupied charging holder 530 includes
infrared transceivers, controller 521, switch 531 and switch 532, and a shield to

insulate the transmit coils 533 and 543 from each other.

[0034] In some embodiments, when portable electronic device 520 is placed on

charging holder 510 and a similar portable electronic device 540 is placed on an
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adjacent charging holder 530 controllers 511 and 521 are configured to route electric
power through appropriate switches to enable efficient wireless power transfer to
receiver coils 516 and 526. In particular, controller 511 turns on switch 501 to feed
transmitter coil 523 an electric current capable of generating a magnetic field that
enables wireless power transfer to receiver coil 516. Similarly switch 531 is turned
on by controller 521 to feed transmitter coil 533 an electric current capable of
generating a magnetic field that enables wireless power transfer to receiver coil 516.
In addition, controller 521 turns on switch 532 that enables flow of electric current
into transmit coil 526 that in turn wirelessly transfers power to receiver coil 526 of

portable electronic device 540.

[0035] FIG. 6 is an exemplary embodiment showing a charging configuration having
two portable electronic devices 620 and 640 each placed on adjacent charging holders
610 and 630 in accordance with some embodiments. In operation, switch 612 within
charging holder 610 is turned on by a controller in charging holder 610 to enable
transmit coil 623 to wirelessly transfer power to receive coil 616 of portable
electronic device 620. Similarly, switch 631 within charging holder 630 is turned on
by a controller in charging holder 630 to enable transmit coil 633 to wirelessly

transfer power to receive coil 626 of portable electronic device 640.

[0036] FIG. 7 is an exemplary embodiment showing charging of a portable electronic
device 720 using a repeater configuration. Portable electronic devices 720 and 740
occupy two adjacent charging holders 710 and 730, respectively and charging holder
750 is unoccupied. Transmit coil 752 of charging holder 750 receives electric current
when switch 751 in charging holder 750 is turned on by a controller in charging
holder 750. Transmit coil 734 of charging holder 730 receives electric current when
switch 733 in charging holder 730 is turned on by a controller in charging holder 730.
Upon receiving electric current at transmit coils 734 and 752, they begin to wirelessly
transfer power to receive coil 736 of charging holder 730. In some embodiments,
portable electronic device 740 includes a radio circuit 737 and a repeater transmit coil
742. In one embodiment, a portion of the power received by receiver coil 736 is

coupled to repeater transmit coil 742 that is coupled to radio 737.
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[0037] In some embodiments, repeater transmit coil 742 is utilized to wirelessly
transfer power to adjacent receiver coil 716. In other embodiment, receiver coil 716
is configured to simultaneously receive power wirelessly transferred from transmit
coil 714 within charging holder 710 and repeater coil 742. This is enabled by having
switch 702 in charging holder 710 and switch 731 in charging holder 730

simultaneously turned on by controllers within respective charging holders.

[0038] FIG. 8 is an exemplary embodiment showing a locking mechanism for a
portable electronic device 820 that is placed on charging holder 818. The wireless
charging system shown in FIG. 8 includes charging holders 810, 812, 814, 816, 818
and 822. In one embodiment, charging holder 822 includes an upper arm 824 and a
lower arm 822 that are designed such that they will come to a locking position in
when the upper arm 824 is moved down towards lower arm 822. In some
embodiments a mechanical mechanism (for example, a latch) for securing the portable
electronic device may be used. In other embodiments an electrically operated locking

mechanism may be used to secure the portable electronic device 820.

[0039] FIG. 9A illustrates a charging holder 902 unplugged from a power socket 904
in accordance with some embodiments. Power socket 904 is adapted to plug into a

wall power outlet 906.

[0040] FIG. 9B illustrates a charging holder 902 plugged into the power socket 904 in

accordance with some embodiments.

[0041] FIG. 10 through FIG. 14 illustrates a method 1000 for operating the wireless
power transfer system 100 in accordance with some embodiments. The method 1000
may be carried out by, for example, with controller 211 and/or controller 221, for
example, executing software designed to implement all or part of the method 1000.
The method steps described hereinafter is provided with the understanding that
Device A may be any one of the portable electronic devices 105, 460, 520, 540, 620,
640, 720 and 740. Similarly, Holder A described hereinafter is provided with the
understanding that it may be any one of the charging holders 104, 106, 108, 110, 112,
114, 310, 230, 330, 430, 440, 510, 530, 610, 630, 710, 730, 750, 810, 812, 814, 816,
818, and 822.

10
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[0042] At block 1001 (FIG. 10), charging holder (Holder A) detects that a portable
electronic device (Device A) is placed on the charging holder when an infrared

transceiver within Holder A detects an infrared reflection caused by Device A.
[0043] At block 1002, each controller within Holder A checks its own status.

[0044] At block 1003, method 1000 checks whether Holder A is transmitting wireless
power to an adjacent charging holder to help charge adjacent portable electronic
devices. When Holder A is transmitting power towards or to an adjacent charging
holder then method 1000 progresses to block 1020, where the applicable controller is
placed in an “already helping mode.” On the other hand, when Holder A is not
transmitting power towards or to an adjacent charging holder then method 1000

progresses to block 1004.

[0045] At block 1004, Holder A checks whether infrared receiver has received any
“SYNC PHASE” infrared signals or, more broadly, synchronization signals from an
adjacent holder. When Holder A detects a “SYNC PHASE” infrared signal at infrared
receiver, method 1000 progresses to block 1040, where the applicable controller
enters an “adjacent transmit mode.” When Holder A does not detect a “SYNC
PHASE” infrared signal at infrared receiver, the method progresses to block 1020,

where the applicable controller enters an “adjacent idle mode.”

[0046] At block 1005, method 1000 determines whether the adjacent holder is
transmitting wireless power towards or to Holder A. When Holder A is receiving
wireless power from an adjacent holder then method 1000 progresses to block 1040,
where the applicable controller enters an “adjacent transmit mode.” When Holder A
is not receiving wireless power from adjacent holder then method 1000 progresses to

block 1030 (FIG.11), where the applicable controller enters an “adjacent idle mode.”

[0047] At block 1007, the applicable controller determines when Device A is fully
charged. When Device A is not fully charged then method 1000 returns to block 1040,
where the applicable controller is placed or maintained in the “adjacent transmit

mode.” When Device A is fully charged then method 1000 progresses to block 1008.

[0048] At block 1008, the applicable controller determines whether Holder A is

having a problem in helping or assisting with charging the device on the adjacent

11
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holder due to a blockage or interference by Device A’s internal structure. When it is
determined that Holder A is having a problem in helping to charge the adjacent device
then applicable controlled is placed in a “repeater mode” (block 1030(F1G.12)). On
the other hand, when it is determined that Holder A is not experiencing a problem in
assisting with charging the adjacent device, then the applicable controller enters into a
“help adjacent mode” (block 1060(FIG 13)).

[0049] At block 1020 (FIG. 11), the applicable controller enters the “adjacent idle

mode.”

[0050] At block 1021, Holder A turns on a transmitter coil that resides within Holder
A to determine whether Device A has a wireless power receiving circuit on the same
side as the transmitter coil. This determination may be made, for example, through
the use of load/impedance detection according to the A4WP charging protocol or

another similarly capable protocol.

[0051] At block 1022, the applicable controller determines whether the wireless
power receiving circuit of Device A is on the same side of the power transmitter.
When it is on the same side then method 1000 progresses to block 1024, When

Device A is not on the same side of power transmitter then method 1000 stops at

block 1022.

[0052] At block 1024, the infrared transmitter that is not blocked by Device A will be
switched to “SEEK HELP” mode where Holder A provides or transmits continuous
infrared signal pulses (“SYNC PHASE” signal) to an adjacent Holder B to seek help
to speed up charging, were the infrared “SYNC PHASE” signal is phase synchronized
to the Holder A wireless power signal through phase synchronization circuit (for

example, phase locked loop (PLL)).

[0053] At block 1025, after Holder B receives the “SYNC PHASE” signal from
Holder A, Holder B will synchronize the phase of the infrared “SYNC PHASE”
signal to the Holder B wireless power transmitter phase through synchronization
circuit (for example, phase locked loop).

[0054] At block 1026, Holder B transmits phase synchronized wireless power to help
Holder A to charge Device A.

12
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[0055] At block 1027, when Device A is fully charged, infrared transmission of
“SYNC PHASE” beacon is stopped and both Holder A and the adjacent holder stop

transmitting wireless power.
[0056] At block 1030 (FIG.12), method 1000 enters a Repeater Mode.

[0057] At block 1031, Device A switches into repeater mode where the wireless
power received on one side (from Holder C) is routed to the repeater transmit coil to
be able to transmit to another side of the holder (to Holder B) to help charging device

on the other side.

[0058] At block 1032, the infrared “SYNC PHASE” signal received by the infrared
receiver on the repeater transmit coil side (from holder B) will be relayed to the
infrared transmitter on the receiver coil side (to Holder C) so that the infrared “SYNC
PHASE” signal can be relayed to the Holder C that is attempting to help Holder B to

charge Device B through the repeater with the same wireless power phase.

[0059] At block 1033, when Device B on Holder B is fully charged, Holder B will
stop transmitting out infrared “SYNC PHASE” signal and thus will not be relayed to
Holder C and thus wireless power from Holder C will be stopped from transmitting

out.
[0060] At block 1040 (FIG. 13), method 1000 enters an Adjacent Transmit Mode.

[0061] At block 1041 and 1042, Holder A turns on a transmitter coil within Holder A
to identify whether device A has a wireless power receiving circuit on the same side
of the transmitter coil. This is performed using load/impedance detection according
to the A4WP charging protocol or similarly capable protocol that may be available in
future. When it is determined that the wireless power receiving circuit is not on the
same side as the transmitter coil then method 1000 progresses to a Help Adjacent
Mode (block 1060) which continues to block 1062. When it is determined that the
wireless power receiving circuit is on the same side of the transmitter coil then

method 1000 progresses to block 1043.

[0062] At block 1043, wireless power is transmitted with phase synchronization
based on infrared “SYNC PHASE” signal. This signal is sent out by the Adjacent

Charging holder and is used to readjust an adaptive impedance matching.

13
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[0063] At block 1044, infrared “SYNC PHASE” signal will be stopped from being
transmitted by the Adjacent Charging Holder when both Device A and the device on
the Adjacent Holder are fully charged. This occurs after both charging holders

communicate through infrared communication and stop transmitting wireless power.

[0064] At block 1062, Holder A will transmit out phase synchronized wireless power
to help Adjacent Charging Holder to charge an Adjacent Device.

[0065] At block 1064, when Adjacent Device is fully charged, wireless transmission

of power is stopped.
[0066] At block 1050 (FIG. 14), method 1000 enters an Already Helping Mode.
[0067] At block 1051 and block 1052, Holder A will identify whether Device A has a

wireless power receiving circuit on the same side (through load/impedance detection
according to Alliance for Wireless Power (A4WP) charging protocol or similarly
capable protocol that may be available in future). When the wireless power receiving
circuit is on the same side then method 1000 progresses to block 1024. When the
wireless power receiving circuit is not on the same side the method 1000 continues to

help the adjacent charging holder (block 1053).

[0068] At block 1054, method 1000 continues to transmit wireless power with phase
synchronization based on IT “SYNC PHASE” signal that received from the adjacent
charging holder that is seeking for help and also to readjust the adaptive impedance

matching.

[0069] At block 1055, infrared “SYNC PHASE” signal will be stopped from being
transmitted when Device A and a device on adjacent charging holder is fully charged.
This step occurs soon after both holders synchronize each other’s status using infrared

communication.

[0070] In the foregoing specification, specific embodiments have been described.
However, one of ordinary skill in the art appreciates that various modifications and
changes can be made without departing from the scope of the invention as set forth in
the claims below. Accordingly, the specification and figures are to be regarded in an
illustrative rather than a restrictive sense, and all such modifications are intended to be

included within the scope of present teachings.
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[0071] The benefits, advantages, solutions to problems, and any element(s) that may
cause any benefit, advantage, or solution to occur or become more pronounced are not
to be construed as a critical, required, or essential features or elements of any or all
the claims. The invention is defined solely by the appended claims including any
amendments made during the pendency of this application and all equivalents of those

claims as 1ssued.

[0072] Moreover in this document, relational terms such as first and second, top and
bottom, and the like may be used solely to distinguish one entity or action from
another entity or action without necessarily requiring or implying any actual such
relationship or order between such entities or actions. The terms “comprises,”

2 ¢l 2 ¢l

“comprising,” “has,” “having,” “includes,” “including,

2% << 2% <<

contains,” “containing” or
any other variation thereof, are intended to cover a non-exclusive inclusion, such that
a process, method, article, or apparatus that comprises, has, includes, contains a list of
elements does not include only those elements but may include other elements not
expressly listed or inherent to such process, method, article, or apparatus. An element

2% ¢

proceeded by “comprises ...a,” “has ...a,” “includes ...a,” or “contains ...a” does not,
without more constraints, preclude the existence of additional identical elements in
the process, method, article, or apparatus that comprises, has, includes, contains the

element. The terms “a” and “an” are defined as one or more unless explicitly stated

2% ¢ % ¢ % ¢

otherwise herein. The terms “substantially,” “essentially,” “approximately,” “about™
or any other version thereof, are defined as being close to as understood by one of
ordinary skill in the art, and in one non-limiting embodiment the term is defined to be
within 10%, in another embodiment within 5%, in another embodiment within 1%
and in another embodiment within 0.5%. The term “coupled” as used herein is
defined as connected, although not necessarily directly and not necessarily
mechanically. A device or structure that is “configured” in a certain way is

configured in at least that way, but may also be configured in ways that are not listed.
[0073] It will be appreciated that some embodiments may be comprised of one or
more generic or specialized processors (or “processing devices™) such as
microprocessors, digital signal processors, customized processors and field

programmable gate arrays (FPGAs) and unique stored program instructions (including

15
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both software and firmware) that control the one or more processors to implement, in
conjunction with certain non-processor circuits, some, most, or all of the functions of
the method and/or apparatus described herein. Alternatively, some or all functions
could be implemented by a state machine that has no stored program instructions, or
in one or more application specific integrated circuits (ASICs), in which each function
or some combinations of certain of the functions are implemented as custom logic.

Of course, a combination of the two approaches could be used.

[0074] Moreover, an embodiment can be implemented as a computer-readable storage
medium having computer readable code stored thereon for programming a computer
(for example, comprising a processor) to perform a method as described and claimed
herein. Further, it is expected that one of ordinary skill, notwithstanding possibly
significant effort and many design choices motivated by, for example, available time,
current technology, and economic considerations, when guided by the concepts and
principles disclosed herein will be readily capable of generating such software

instructions and programs and ICs with minimal experimentation.

[0075] The Abstract of the Disclosure is provided to allow the reader to quickly
ascertain the nature of the technical disclosure. It is submitted with the understanding
that it will not be used to interpret or limit the scope or meaning of the claims. In
addition, in the foregoing Detailed Description, it can be seen that various features are
grouped together in various embodiments for the purpose of streamlining the
disclosure. This method of disclosure is not to be interpreted as reflecting an
intention that the claimed embodiments require more features than are expressly
recited in each claim. Rather, as the following claims reflect, inventive subject matter
lies in less than all features of a single disclosed embodiment. Thus the following
claims are hereby incorporated into the Detailed Description, with each claim

standing on its own as a separately claimed subject matter.
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Claims

We claim:

1. A wireless charging system comprising:

a plurality of charging holders positioned adjacent to each other; each

charging holder including:
a first transmit coil configured to wirelessly transfer power,

a second transmit coil positioned opposite the first transmit coil and

configured to wirelessly transfer power,

a shield positioned between the first transmit coil and the second
transmit coil, and
a sensor configured to sense a presence of a portable electronic device

on an adjacent charging holder.

2. The wireless charging system of Claim 1, further comprising a base unit,

wherein the plurality of charging holders are detachably mounted to the base unit.

3. The wireless charging system of Claim 2, wherein the base unit includes a

connector unit configured to electrically couple the charging holder to a power supply.

4. The wireless charging system of Claim 3, wherein the connector unit generates
a reference frequency signal adapted for phase synchronization, the reference
frequency signal provided to a first and second wireless transmit power phase
synchronization circuit to generate wireless transmit power for first and second

transmit coils.

5. The wireless charging system of Claim 1, wherein the plurality of charging

holders comprise one selected from the group consisting of either or combination of a

17
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wand, a cup, and a post, configured to hold a plurality of portable devices on the

charging holder.

6. The wireless charging system of Claim 1, wherein the sensor comprises one or

more infrared transceiver.

7. The wireless charging system of Claim 6 including:

a first infrared transceiver configured to transmit and receive an infrared
signal when a portable device is placed on the charging holder, and a second infrared
transceiver configured to transmit a phase synchronization signal to a first adjacent

charging holder.

8. The wireless charging system of Claim 7, wherein the adjacent charging holder
is configured to transmit a wireless power signal having a phase substantially similar

to the phase of the phase synchronization signal.

9.  The wireless charging system of Claim 7 further comprising:

a phase lock loop (PLL) configured to generate the wireless power signal having

a phase substantially similar to the phase of the phase synchronization signal.

10. The wireless charging system of Claim 1 further comprising:
a locking mechanism to secure a portable electronic device on the charging

holder.

11.  The wireless charging system of Claim 1, wherein the sensor is configured to

communicate with at least one of the adjacent charging holders.

18
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12.  The wireless charging system of Claim 11, wherein the sensor communicates
with the adjacent charging holder using Alliance For Wireless Power (A4WP)

protocol.

13. A method of operating a wireless charging system, the method comprising:

generating a first magnetic field using a first transmit coil in a first charging

holder;

generating a second magnetic field using a second transmit coil in a second

charging holder positioned adjacent to the first charging holder;

magnetically coupling the first magnetic field and the second magnetic field to a
receive coil of a portable electronic device, wherein magnetically coupling includes
transferring power from the first magnetic field and the second magnetic field to the
receive coil of the portable electronic device, the first magnetic field and the second

magnetic field configured to have a synchronized phase.

14. The method of Claim 13, further comprising:

providing a phase synchronization signal to one or more adjacent charging
holder, wherein the phase synchronization signal provides a reference signal to
synchronize the phase of a wireless power signal transmitted by the one or more

adjacent charging holders.

15.  The method of claim 13, further comprising:

sensing the presence of a portable electronic device on the first charging holder
using an infrared transceiver to determine a signal strength of a reflected infrared

signal transmitted by the charging holder.

19
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16. The method of claim 15, further comprising:

transmitting an infrared phase synchronization signal to at least one adjacent
charging holder, wherein the infrared phase synchronization signal provides a
reference signal to synchronize the phase of a wireless power signal generated by the

one or more adjacent charging holders.

20
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HOLDER (HOLDER-A) DETECTS THAT A DEVICE (DEVICE-A) IS
1007~ PLACED ON HOLDER-A WHEN IR TRANSCEIVER DETECTS IR
REFLECTION FROM DEVICE-A

Y
1002~ EACH CONTROLLER IN HOLDER-A CHECKS ITS OWN STATUS

1000
&

IS HOLDER-A
TRANSMITTING WIRELESS POWER OUT TO
ADJACENT HOLDER TO HELP CHARGE
ADJACENT DEVICES?

HOLDER-A CHECKS
IF IR RECEIVER HAS RECEIVED A "SYNC PHASE" IR
SIGNAL FROM AN ADJACENT HOLDER?

YES

IS THE ADJACENT
HOLDER TRANSMITTING WIRELESS
POWER TOWARDS
HOLDER-A

1030~ GO TO ADJACENT IDLE MODE
1040~
— > GO TO ADJACENT TRANSMIT MODE e—
1007
NQ IS DEVICE-A FULLY CHARGED?

IS
HOLDER-A HAVING
PROBLEM TO HELP CHARGING THE ADJACEN
POLE DUE TO THE BLOCKAGE BY THE DEVICE-A
INTERNAL STRUCTURE?

1050~ GO TO REPEATER MODE
1060~ GO TO HELP ADJACENT MODE nil
1020~ GO TO ALREADY HELPING MODE -

FI1G. 10
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1020~ ADJACENT IDLE MODE

Y

HOLDER-A TURNS ON POWER TRANSMITTER TO IDENTIFY IF

1091~ DEVICE-A HAS A WIRELESS POWER RECEIVING CIRCUIT ON THE

SAME SIDE (THROUGH LOAD / IMPEDANCE DETECTION
ACCORDING TO A4WP CHARGING PROTOCOL)

1022

IS WIRELESS
POWER RECEIVING CIRCUIT OF DEVICE-A
ON THIS SIDE?

YES

1023~ DO NOTHING

IR TRANSMITTER THAT IS NOT BLOCKED BY THE DEVICE-A WILL
BE SWITCHED TO "SEEK HELP" MODE WHERE HOLDER-A WILL
TRANSMIT CONTINUOUS IR SIGNAL PULSE ("SYNC PHASE"

1034~  SIGNAL) TO THE ADJACENT HOLDER-B TO SEEK FOR HELP TO
SPEED UP CHARGING, WERE THE INFRARED "SYNC PHASE [
SIGNAL" IS PHASE SYNCHRONIZED TO THE HOLDER-A WIRELESS
POWER SIGNAL THROUGH PHASE SYNCHRONIZATION CIRCUIT
(e.g. PHASE LOCKED LOOP).

Y

AFTER HOLDER RECEIVES THE "SYNC PHASE" SIGNAL FROM THE
HOLDER-A, HOLDER-B WILL SYNCHRONIZE THE PHASE OF THE
1025~] IR "SYNC PHASE" SIGNAL TO THE HOLDER-B WIRELESS POWER
TRANSMITTER PHASE THROUGH SYNCHRONIZATION CIRCUIT
(e.g. PHASE LOCK LOOP)

Y

1026~] HOLDER-B TRANSMITS PHASE SYNCHRONIZED WIRELESS POWER
TO HOLDER-A FOR CHARGING DEVICE-A

Y

WHEN DEVICE-A IS FULLY CHARGED, STOP TRANSMITTING IR
1027~ "SYNC PHASE" SIGNAL AND STOP TRANSMITTING WIRELESS
POWER AT HOLDER-A AND ADJACENT HOLDER

FIG. 11
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1030~ REPEATER MODE

Y

DEVICE-A SWITCHES INTO REPEATER MODE WHERE THE WIRELESS
POWER RECEIVED ON ONE SIDE (FROM HOLDER-C) IS ROUTED TO
1031—~{ REPEATER TX COIL ABLE TO TRANSMIT TO ANOTHER SIDE OF THE
HOLDER (TO HOLDER-B) g% IIE-IFflél; DcEl-lARGING DEVICE ON THE

Y

THE IR "SYNC PHASE" SIGNAL RECEIVED BY THE IR RECEIVER ON
THE REPEATER TX COIL SIDE (FROM HOLDER-B) IS RELAYED TO
THE IR TRANSMITTER ON THE RX COIL SIDE (TO HOLDER C) SO

1032~ THAT THE IR "SYNC PHASE" SIGNAL IS RELAYED TO THE HOLDER

C THAT IS ATTEMPTING TO HELP HOLDER-B TO CHARGE
DEVICE-A THROUGH THE REPEATER, WITH THE SAME WIRELESS
POWER PHASE.

Y

WHEN DEVICE-B ON HOLDER-B IS FULLY CHARGED, HOLDER-B

WILL STOP TRANSMITTING IR "SYNC PHASE" SIGNAL, WHICH

1033~ WILL NOT BE RELAYED TO HOLDER-C AND THUS WIRELESS

POWER FROM HOLDER-C WILL BE STOPPED FROM
TRANSMITTING.

FIG. 12
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1040~ ADJACENT TRANSMIT MODE

Y

HOLDER-A TURNS ON POWER TRANSMITTER TO IDENTIFY IF

1041~ DEVICE-A HAS A WIRELESS POWER RECEIVING CIRCUIT ON

THE SAME SIDE (THROUGH LOAD / IMPEDANCE DETECTION
ACCORDING TO A4WP CHARGING PROTOCOL)

1042

IS WIRELESS
POWER RECEIVING CIRCUIT ON
THE SIDE?

1060~ GO TO HELP ADJACENT MODE

1043~ TRANSMIT WIRELESS POWER WITH PHASE
SYNCHRONIZATION BASED ON IR "SYNC PHASE" THAT IS
BEING SENT BY THE ADJACENT HOLDER AND READIUST THE
ADAPTIVE IMPEDANCE MATCHING.

Y

WHEN DEVICE-A AND DEVICE ON ADJACENT HOLDER ARE
FULLY CHARGED, IR "SYNC PHASE" SIGNAL WILL STOP BE
1044—] BEING TRANSMITTED BY THE ADJACENT HOLDER (AFTER
COMMUNICATION AND SYNC UP BY BOTH HOLDERS
THROUGH IR COMMUNICATION) WILL ALSO STOP
TRANSMITTING WIRELESS POWER

HOLDER-A TRANSMITS PHASE SYNCHRONIZED
1062~ WIRELESS POWER TO HELP ADJACENT HOLDER TO -«
CHARGE ADJACENT DEVICE

Y

1064—~]  WHEN ADJACENT DEVICE IS FULLY CHARGED, HOLDER-A
STOPS TRANSMITTING WIRELESS POWER

FIG. 13
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1050~ ALREADY HELPING MODE

!

HOLDER-A TO IDENTIFIES IF DEVICE-A IS HAVING

1051—~] WIRELESS POWER RECEIVING CIRCUIT ON THE SAME SIDE

(THROUGH LOAD / IMPEDANCE DETECTION ACCORDING TO
A4WP CHARGING PROTOCOL)

1052

IS WIRELESS
POWER RECEIVING CIRCUIT ON
THE SIDE?

YES

1053~ CONTINUE HELPING ADJACENT HOLDER

1054 CONTINUE TRANSMIT WIRELESS POWER WITH PHASE

»{ SYNCHRONIZATION BASED IR "SYNC PHASE" SIGNAL THAT

IS RECEIVED FROM ADJACENT HOLDER SEEKING HELP AND
READJUST THE ADAPTIVE IMPEDANCE MATCHING.

!

WHEN DEVICE-A AND DEVICE ON ADJACENT HOLDER IS
FULLY CHARGED, ADJACENT HOLDER (AFTER
1055~ COMMUNICATION AND SYNC UP BY BOTH HOLDERS
THROUGH IR COMMUNICATION) WILL STOP TRANSMITTING
IR "SYNC PHASE" SIGNAL AND STOP TRANSMITTING
WIRELESS POWER

FIG. 14
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