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(57) ABSTRACT

Asystemand methodfor variable powertransfer in an induc-
tive charging or power system. In accordance with an
embodimentthe system comprises a pad or similar base unit
that contains a primary, whichcreates an alternating magnetic
field. A receiver comprises a means for receiving the energy
from the alternating magnetic field from the pad andtrans-
ferring it to a mobile device, battery, or other device. In
accordance with various embodiments, additional features

can be incorporated into the systemto provide greater power
transfer efficiency, and to allowthe systemto be easily modi-
fied for applications that have different power requirements.
These include variations in the material used to manufacture

the primary and/orthe receivercoils; modified circuit designs
to be used onthe primary and/or receiver side; and additional
circuits and componentsthat performspecialized tasks, such
as mobile deviceor battery identification, and automatic volt-
age or power-setting for different devicesor batteries.
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SYSTEM AND METHOD FOR INDUCTIVE
CHARGING OF PORTABLE DEVICES

CLAIM OF PRIORITY

[0001] This application is a continuation-in-part of U.S.
patent application Ser. No. 11/669,113, filed Jan. 30, 2007,
titled “INDUCTIVE POWER SOURCE AND CHARGING

SYSTEM”, whichapplication claims the benefit ofU.S. pro-
visional patent application 60/763,816, filed Jan. 31, 2006,
titled “PORTABLE INDUCTIVE POWER SOURCE”; US.

provisional patent application 60/810,262,filed Jun. 1, 2006,
titled “MOBILE DEVICE, CHARGER, AND POWERSUP-
PLY”: U.S. provisional patent application 60/810,298,filed
Jun. 1, 2006, titled “MOBILE DEVICE, BATTERY,
CHARGING SYSTEM, AND POWER SUPPLY”; and U.S.

provisionalpatentapplication 60/868,674,filed Dec. 5, 2006,
titled “SYSTEM FOR PROVIDING A PORTABLE INDUC-

TIVE POWER SOURCE”,this application also claims the
benefit of U.S. provisional patent application 60/916,748,
filed May 8, 2007, titled “CHARGING AND POWERING
MOBILEDEVICES, BATTERIES”: U.S. provisional patent
application 60/952,835,filed Jul. 30, 2007, titled “INDUC-
TIVE CHARGING OF PORTABLE DEVICES”; U.S.pro-
visional patent application 61/012,922, filed Dec. 12, 2007,
titled “WIRELESS CHARGER WITH POSITION INSEN-

SITIVITY™; U.S.provisional patent application 61/012,924,
filed Dec. 12, 2007, titled “CONTROL, REGULATION,
AND COMMUNICATION IN CHARGERS”; U.S. provi-
sional patent application 61/015,606, filed Dec. 20, 2007,
titled “PORTABLE INDUCTIVE POWER SOURCE”; and

U.S.provisional patent application 61/043,027, filed Apr. 7,
2008, titled “INDUCTIVE POWER SOURCE AND

CHARGING SYSTEM”, this application is also related to
copending U.S. patent application Ser. No. 11/757,067filed
Jun. 1, 2007, titled “POWER SOURCE, CHARGINGSYS-
TEM, AND INDUCTIVE RECEIVER FOR MOBILE

DEVICES”, each of which above applications are herein
incorporated by reference.

COPYRIGHT NOTICE

[0002] A portion ofthe disclosure ofthis patent document
contains material which is subject to copyright protection.
The copyright owner has no objection to the facsimile repro-
duction by anyone of the patent document or the patent dis-
closure, as it appears in the Patent and Trademark Office
patent file or records, but otherwise reserves all copyright
rights whatsoever.

FIELD OF INVENTION

[0003] The inventionis related generally to powersupplies,
power sources, and particularly to a system and method for
inductive charging ofportable devices.

BACKGROUND

[0004] There is currently a need for powering portable or
mobile devices for use in commercial, business, personal,
consumer, and other applications. Examples of such devices
include cellular telephones, personal digital assistants
(PDAs), notebook computers, mobile email devices, Black-
berry devices, Bluetooth headsets, hearing aids, music play-
ers (for example, MP3 players), radios, compact disk players,
video game consoles, digital cameras, walkie-talkie or other
communication devices, GPS devices, laptop computers,
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electric shavers, and electric toothbrushes. Most of these

devices include a rechargeable internal battery that must be
first charged by an external power supply or charger, before
the device itself can be used. The power supply typically
provides direct current (DC) voltage through a special con-
nector to the device. The power supply can then be discon-
nected, and the device will continue to run for a short period
of time until the battery is depleted. The voltage and power
requirements of the different devices vary, andto date thereis
currently no standardized connector for the devices, As a
result of this, each mobile device is invariably sold ordistrib-
uted bundled with its own charger. The costs associated with
these multiple different types and numbers ofcharger are paid
by the consumer indirectly by being incorporated into the
prices being charged for the mobile device.

[0005] The rapid increasein the total numberand variety of
mobile products has meant that most people have several of
the above-mentioned devices. In a typical day, that userwould
have to separately connect their multiple devices to each of
their appropriate chargers for charging of each device. In
addition, many people find it necessary to charge their devices
in different locations such as their offices and cars. Thus,
many users have purchased additional chargers for their
offices and cars, for use in charging their mobile phones,
notebook computers, and music players in those locations.

[0006] It will be evidentthat the abovesituation has caused
typical users to have a multitude ofincompatible devices (i.e.
power supplies and chargers) that essentially provide the
same functionofcharging a mobile device, but because of the
number and variety that must be kept by the user are incon-
venient to use. In many situations, users simply forget to
charge their devices, or else find they need to recharge their
device in situations where no appropriate chargeris available.
This leads to loss ofability to use the device whendesired or
needed.

[0007] In addition, whentraveling way from home, mobile
users have a particular problem in that they need to pack and
carry the multiple chargers for their devices. In many situa-
tions, these chargers are bulkier and heavier than the devices
themselves, and use of these devices in foreign countries
requires clumsy adaptors, and sometimes voltage converters.
This leads to a high degree of inconvenience for the ever-
more-mobile consumer.

[0008] In addition, the power connector for the mobile
devices is often cheaply manufactured, and a source of
mechanical andelectrical failure. In many applications, such
as toothbrushesorapplications where thedevice is exposed to
water and needs to be hermetically sealed, such a physical
connection can not be used. Thus an alternative means of

powering those types of devices mustbe used.
[0009] Several products have tried to addressthis situation.
Some companies proposethe use of a universal charger that
consists ofa power supply base unit, and interchangeabletips
that bothfit into the base unit andin turn fit different devices.

Thetip includes a customized regulator that sets the voltage
required by the particular device. However, a user must carry
the multiple tips he or she needs for each of the various
devices they have, and then charge each deviceserially by
connecting the device to the powersupply. While this product
reduces the overall weight of the charging tools the user must
carry, the user still needs to carry and exchange the tips to
connect to different devices. In addition, the charging of
multiple devices simultaneously is often not possible.
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[0010] Realizing that a power supply typically contains a
transformer for voltage conversion, another approach is to
split the transformer into twoparts:a first part can contain the
first winding and the electronicsto drive this windingat the
appropriate operating frequency, while the second part con-
sists of a winding where poweris received and thenrectified
to obtain DC voltage. If the two parts are brought into physi-
cal proximity to each other, power is transformed fromthe
first part to the second inductively, i.e. by induction, without
any physical electrical connection. This is the approachthatis
used in many electrical toothbrushes, shavers, and other prod-
ucts that are expected to be used in wet environments. How-
ever, a commonproblem with such inductive units is that the
windings are bulky, which restricts their use in lightweight
portable devices. Furthermore, to achieve adequate power
transfer, the parts must be designed tofit togethersuitably so
that their windings are closely aligned. This is typically done
by molding the device casing (for example, an electric tooth-
brush) and its charger/holder so that they fit together in only
one suitable way. However, the molded base and shapeofthe
portable device means they cannot be used in a universal
fashion to powerother devices.
[0011] Some companies have proposed pad-like charging
devices based on inductive concepts,but that also ostensibly
allow for different types ofdevicesto be charged. These pads
typically include grids of wires in an x and y direction, that
carry an electrical current, and that generate a uniform mag-
netic field parallel to the surface ofthe pad. A receiver coil
wound around a magnetic core lies on the surface ofthe pad
and picks up the magnetic field parallel to the surface, and in
this manner energy canbe transferred. However, each of these
methods suffer from poor powertransfer, in that most of the
powerinthe primary is not picked upin the receiver, and thus
the overall power efficiency of the charger is very low. In
addition, the magnetic cores used for the primary and receiver
are often bulky and addto thetotal cost and size ofthe system,
and limit incorporation into many devices.
[0012] Another pointto note is that, while all of the above
devices allow a user to charge a device, they also require the
charging device or base unit to be electrically connected to a
powersource, such as a poweroutlet ora DCsource. In many
cases, the user may not have access to such a power source
such as whentraveling, camping, or working in an area with-
out access to power. However, to date, no device has been
providedthatis portable, and that allows forinductive charg-
ing of multiple devices with differing power requirements,
and whichitself'can be intermittently or occasionally charged
either by an external powersource, or by other means,orthat
is self-powered or includes its own powersource.

SUMMARY

[0013] A portable inductive powersource, powerdevice,or
unit, for use in powering or charging electrical, electronic,
battery-operated, mobile, and other devices or rechargeable
batteries is disclosed herein. In accordance with an embodi-

ment the system comprises 2 parts: Thefirst part is a pad or
similar base unit that contains a primary, which creates an
alternating magnetic field by means ofapplying analternat-
ing current to a winding,coil, or any type ofcurrent carrying
wire. The second part of the system is a receiver that com-
prises a means for receiving the energy fromthe alternating
magnetic field from the pad and transferring it to a mobile or
other device or rechargeable battery. The receiver may com-
prise coils, windings, or any wire that can sense a changing

Apr. 16, 2009

magnetic field, and rectify it to produce a direct current (DC)
voltage, which is then used to charge or power the device.
[0014] In some embodiments the receiver can also com-
prise electronic components or logic to set the voltage and
current to the appropriate levels required by the mobile device
or the charging circuit in the device, or to communicate infor-
mationto the pad. In additional embodiments, the charging or
powersystemcan provide for additional functionality such as
communicationofdata stored in the electronic device or to be

transferred to the device. Some embodiments mayalso incor-
porate efficiency measures that improve the efficiency of
power transfer between the charger and receiver, and ulti-
mately to the mobile device or battery. In accordance with an
embodimentthe charger or power supply includes aninternal
battery for self-powered operation. In accordance with other
embodiments the charger or power supply can include a solar
cell power source, hand crank, or other means ofpower sup-
ply for occasional self powered operation. Other embodi-
ments can be incorporated into charging kiosks, automobiles,
trains, airplanes, or other transport and other applications.
[0015] In accordance with various embodiments, addi-
tional features can be incorporated into the systemto provide
greater powertransferefficiency, and to allow the systemto
be easily modified for applications that have different power
requirements. These include variations in the material used to
manufacture the primary and/or the receiver coils; modified
circuit designs to be used on the primary and/or secondary
side; and additional circuits and components that perform
specialized tasks, such as mobile device identification, and
automatic voltage or power-setting for different devices.

BRIEF DESCRIPTION OF THE FIGURES

[0016] FIG. 1 shows a pad using multiple transmitter or
charger coils in accordance with an embodiment.
[0017] FIG. 2 showsa figure ofa circuit diagramin accor-
dance with an embodiment.

[0018] FIG. 3 shows a charging pad using multiple coils in
accordance with an embodiment.

[0019] FIG. 4 shows a charging pad using multiple over-
lapping coil layers in accordance with an embodiment.
[0020] FIG.5 showsthe use ofmultiple coil types and sizes
in overlapping pad layers in accordance with an embodiment.
[0021] FIG. 6 shows a receiver with anintegrated battery in
accordance with an embodiment.

[0022] FIG. 7 showsa coupling ofreceiver with a deviceto
be charged or powered in accordance with an embodiment.
[0023] FIG. 8 shows a pad allowing modular or multiple
connectivity in accordance with an embodiment.
[0024] FIG. 9 showsa figure ofa circuit diagramin accor-
dance with an embodiment.

[0025] FIG. 10 showsa figure ofa circuit diagram in accor-
dance with an embodiment.

[0026] FIG. 11 showsa figure ofa circuit diagram in accor-
dance with an embodiment.

[0027] FIG. 12 shows a figure of power transfer chart in
accordance with an embodiment.

[0028] FIG. 13 showsa figure ofa coil layout in accordance
with an embodiment.

[0029] FIG. 14 shows a figure ofa coil layout in accordance
with an embodiment.

[0030] FIG. 15 showsa figure of a charging pad with mul-
tiple coils in accordance with an embodiment.
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[0031] FIG. 16 showsa figure of a charging pad with mov-
able coils and two devices receiving poweror charge in accor-
dance with an embodiment.

[0032] FIG. 17 showsa figure of a circuit diagram inaccor-
dance with an embodiment.

[0033] FIG. 18 showsanillustration ofa meansofstacking
coils, in accordance with an embodiment.

[0034] FIG. 19 shows a figure of a circuit diagram for
identificationverification in accordance with an embodiment.

[0035] FIG. 20 shows a figure of a circuit diagram for
bidirectional communication in accordance with an embodi-
ment.

[0036] FIG. 21 shows a figure of a circuit diagram for
output controller in accordance with an embodiment.
[0037] FIG. 22 showsa figure ofa circuit diagram for the
receiver with regulator in accordance with an embodiment.
[0038] FIG.23 shows a figure ofa circuit diagram for MCU
regulation in accordance with an embodiment.
[0039] FIG. 24 shows a figure of a circuit diagram for
unidirectional communicationin accordance with an embodi-
ment.

[0040] FIG. 25 shows a figure ofa circuit diagram for
time-based regulation in accordance with an embodiment.
[0041] FIG. 26 showsa high level view ofa flyback power
supply geometry in accordance with an embodiment.
[0042] FIG. 27 shows an embodimentin which the output
voltage to a load is monitored and with changes in the load
condition, a chip ora Micro Controller Unit (MCU)varies the
frequency or the duty cycle of the FETdriver to achieve
optimumoperation.
[0043] FIG. 28 shows an implementation of a charger in
accordance with an embodiment, wherein the primary stage
and the receiver stage communicate wirelessly.
[0044] FIG. 29 shows an embodiment that includes Zero
Voltage Setting (ZVS).
[0045] FIG. 30 shows an embodimentin which, instead of
a digital feedback circuit, an analog circuit based on coupling
betweena light emitting diode (LED) anda light detector can
be used.

[0046] FIG. 31 shows an embodiment in which the opto-
coupler is replaced by a Voltage Controlled Oscillator (VCO)
and FETand in the primary, the signal is sent to adjust a
frequency controller to provide optimumoutput voltage.
[0047] FIG.32 shows an embodimentin whichthe wireless
link can be analog or digital or can be integrated into the
device to take advantage ofexisting wireless links in the
device.

[0048] FIG. 33 shows a basic schematic for an inductive
single coil charging system in accordance with an embodi-
ment.

[0049] FIG. 34 shows the main components ofa wireless
power/charging systemin accordance with an embodiment.
[0050] FIG. 35 shows a typical experimental curve for
powertransferred and Power Transfer in accordance with an
embodiment.

[0051] FIG. 36 shows an embodiment in which a coil
mosaic is used to cover the surface area of a pad.
[0052] FIG.37 shows an embodimentin which the number
ofdrive (and sensing) circuits may be reduced by using elec-
trical or electronic switches.

[0053] FIG. 38 shows an embodiment in whichthree coil
layer printed circuit board (PCB) is arranged to provide a
cluster for uniform power in an area using only one coil
powered at any given time.
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[0054] FIG. 39 shows an embodimentin whichthe coils are
arranged such that by powering only one of the coils in the
cluster, any receiver coil placed with a center within any
locationin the effective area can receive the specified power
if the appropriate chargercoil is activated.
[0055] FIG. 40 shows an embodimentin which the number
ofswitches required is reduced.
[0056] FIG. 41 shows an embodiment of a multi-charger
pad that incorporates a plurality of charging clusters.
[0057] FIG. 42 shows an embodimentthat uses a cluster of
two layers ofthree coils and a central coil to create an effec-
tive area.

[0058] FIG. 43 shows a mosaic ofhexagonal coils with the
central port to each coil shownas circles.
[0059] FIG. 44 shows an embodiment of a MEMS pad
including the top view.
[0060] FIG. 45 shows an embodiment of a MEMS pad
including a segmented MEMScharger pad.
[0061] FIG. 46 shows an embodimentin which one or more
regulated power supplies are connected to the charger pad.
[0062] FIG. 47 showsanarray ofcontacts onthe surface of
a pad in accordance with an embodiment.
[0063] FIG. 48 showsthe side view ofa MEMSconductive
charger pad in accordance with an embodiment.
[0064] FIG, 49 shows an embodiment wherein several
regulated power supplies provide powerto the pad, to allows
charging of several devices simultaneously.
[0065] FIG. 50 showsanalternative embodimentof a pad
using a segmented surface.
[0066] FIG. 51 shows anindustry standard meansthat is
used for measuring emissions froma product.
[0067] FIG. 52 shows an embodiment whichillustrates
absorption through a copper layer.
[0068] FIG. 53 shows attenuation values for Copper and
Aluminumlayers for several thicknesses.
[0069] FIG. 54 shows transmitted power through Copper
and Aluminum layers of varying thickness for an incident
field at 1 MHz.

[0070] FIG. 55 shows an embodiment which allows for
obtaining local alignment independence betweencoils in the
charger and the receiver.
[0071] FIG.56 show an embodimentin which coil magnets
can divided into sections.

[0072] FIG.57 shows an embodimentin whichone or more
alignment magnets can be used behind eachcoil.
[0073] FIG. 58 showsanillustration of a device for induc-
tive powercharging that includes an internal battery for sel{-
powered operation, in accordance with an embodiment.
[0074] FIG. 59 showsanillustration ofan inductive charger
unit with a solarcell power source for selfpowered operation,
in accordance with an embodiment.

[0075] FIG. 60 showsan illustration ofan inductive charger
unit with an incorporated communications and/or storage
unit, in accordance with an embodiment.

[0076] FIG. 61 showsanillustration of a kiosk that incor-
porates an inductive charger unit in accordance with an
embodiment.

[0077] FIG. 62 illustrates some common regular (non-
charger) mobile phone holders types, in accordance with an
embodiment.

[0078] FIG. 63 illustrates various products for a music
player, that includes an external rechargeable battery pack, in
accordance with an embodiment.
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[0079] FIG. 64 illustrates a multi-function device that
includes a hard drive, rechargeable battery, and wireless con-
nectivity, in accordance with an embodiment.
[0080] FIG. 65 illustrates a system for use with a charger
case to inductively poweror charge a mobile device, in accor-
dance with an embodiment.

[0081] FIG. 66 shows a pad using multiple receiver/ener-
gizer coils in accordance with an embodiment.
[0082] FIG. 67 shows, in a multi-charger or power supply
where multiple coils are used, such a high heat conductivity
layer may be repeated around each coil or cover all areas
between the multiple coils, in accordance with an embodi-
ment.

[0083] FIG. 68 shows a similar method that may be used for
heat removal from woundcoils of other shape andtype.
[0084] FIG. 69 shows an embodiment in whichthe layer
can be patterned to provide heat conductivity channels rather
than a continuouslayer.
[0085] FIG. 70 showsanillustration of the electronics for
the PCB coil inductive charger and/or power supply or the
inductive receiver as fabricated on the same PCB as the coil,
in accordance with an embodiment.

[0086] FIG. 71 shows an embodiment in which magnets
placed at the center ofa stationary coil or a moving,floating
charger and/or power supply coil and the receiver coil can
provide a methodfor alignment of the coils and to achieve this
result.

[0087] FIG.72 shows an embodimentin which two or more
magnets that do not cross the centerofthe coil are used.
[0088] FIG. 73 is anillustration that shows how the mag-
nets may be placed outside the PCBcoil area, in accordance
with an embodiment.

[0089] FIG. 74 shows an embodiment in which magnetic
are-shaped parts around a circular coil are used.
[0090] FIG. 75 illustrates the use of bar magnets on or
aroundthe coil, in accordance with an embodiment.

DETAILED DESCRIPTION

[0091] A portable inductive powersource, power device, or
unit, for use in powering or charging electrical, electronic,
battery-operated, mobile, rechargeable batteries, and other
devices is disclosed herein. In accordance with an embodi-

mentthe system comprises two parts: Thefirst part is a pad or
similar base unit that contains a primary, which creates an
alternating magnetic field by means of applying analternat-
ing current to a winding,coil, or any type ofcurrent carrying
wire. In some embodiments the pad can also contain various
signaling, and switching or communication circuitry, or
meansofidentifying the presence ofdevices orbatteries to be
charged or powered. In some embodiments the pad can also
contain multiple coils or sections to charge or power various
devices or to allow charging or powering of devices orbat-
teries placed anywhere on the pad. The second part ofthe
system is a receiver that comprises a meansfor receiving the
energy from the alternating magnetic field from the pad and
transferring it to a mobile battery, or other device. The
receiver can comprise coils, windings, or any wire that can
sense a changing magnetic field, and rectify it to produce a
direct current (DC) voltage, whichis then used to charge or
powerthe device orbattery.
[0092] In some embodiments the receiver can also com-
prise electronic components or logic to set the voltage and
current to the appropriate levels required by the mobile device
or battery. In some embodiments, the receiver can also con-
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tain circuitry to sense and determinethe status of the elec-
tronic device or battery to be charged, the battery inside a
device, or a variety of other parameters and to communicate
this information to the pad. In additional embodiments, the
system canprovidefor additional functionality such as com-
munication of data stored in the electronic device (for
example, digital images stored in cameras, telephone num-
bers in cell phones, songs in MP3 players) or data into the
device.

[0093] Embodiments can also incorporate efficiency mea-
sures that improvethe efficiency of power transfer between
the charger or power supply and the receiver, and ultimately
to the mobile device or battery. In accordance with an
embodiment, the charger or power supply comprises a switch,
(forexample, a MOSFETdevice or another switching mecha-
nism), that is switched at an appropriate frequency to generate
analternative current (AC)voltage across a primary coil, and
generates an AC magnetic field. This field in turn generates a
voltage in the coil in the receiver that is rectified and then
smoothed by a capacitor to provide powerto a load, with the
result being greater efficiency.
[0094] In accordance with other embodimentsthe coils are
mounted suchthat they can movelaterally within the pad and
within an area of their segments, while continuing to be
connected to their driver electronics placed on the edges of
the area. The floating coils and the drive circuit are sand-
wiched in betweenthin upper and lower coverlayers thatact
to allowthe coils lateral movement while limiting vertical
movement. Whena receiver is placed on the pad, the pad
senses the position ofthe receiver coil and moves the coils to
the right position to optimize powertransfer. Magnets can be
used to better orient the coils and improve greater power
transfer efficiency.
[0095] Additional embodimentsare also described herein.
For example, in accordance with an embodiment the charg-
ing/power supply device includes an internal battery for self-
powered operation. In accordance with other embodiments
the charging/power supply device can include a solar cell
powersource, hand crank, or other means ofpower supply for
occasional self powered operation. Other embodiments can
be incorporated into charging kiosks, automobiles, computer
cases, and other electronic devices and applications.

Inductive Charging System

[0096] While the above mentioned technologies describe
various aspects ofinductive charging, they do not address the
basic requirements that a consumer and manufacturer desire
in such a product. These include the following desired fea-
tures:

[0097] The pad should be able to charge or power a number
ofdevices or batteries with various power requirementseffi-
ciently. A typical number maybe onetosix or even 12 or more
devicesor batteries, including four or more low power(up to
5 W) devices or batteries simultaneously. When multiple
devices or batteries are being charged, a method for energiz-
ing only those coils near a device or battery is preferable.
[0098] The same pad should be able to power low-power
devices (mobile phones, PDAs, cameras, game consoles,etc.)
or batteries with power requirements of 5 W or less, and
higher-power devices such as notebook computers (which
often have a power requirement of 60 W or higher) or high
powerbatteries.
[0099] The powertransfer efficiency between the primary
coil and the receiver should be maximized. Lack ofefficiency
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in the powertransfer would necessitate larger and heavierAC
to DC power supplies. This would add cost and decrease
productattractiveness to customers. Thus methods where the
entire pad is energized are not as attractive.

[0100] A simple method for verification of the manufac-
turer of the receiver, and possibly information for power
requirements, should be supported as necessary to ensure
product compatibility and to provide means ofproduct reg-
istration and licensing.

[0101] The EMIradiation from the system should be mini-
mized,andideally, the system should radiatelittle or no EMI
with no device present. A charger should preferably not emit
any power until an appropriate device or battery is brought
close to the charger orpowersupplyitself. In this way, electric
power is not wasted, and electromagnetic poweris not emit-
ted needlessly. In addition, accidental effects on magnetically
sensitive devicessuch as credit cards, disk drives and such are
minimized.

[0102] The pad and the receiver should be reasonably
simple to construct, and costeffective. Since both parts can be
integrated into mobile devices or batteries, the overall size,
weight, and formfactor should be minimized.
[0103] As used herein, the term “charger” can refer to a
device for supplying power to a mobile orstationary device
for the purpose ofeither charging its battery, operating the
device at that momentin time, or both. For example, as is
commonin portable computers, the power supply can operate
the portable computer, or charge its battery, or accomplish
both tasks simultaneously. The charger may include circuitry
for driving a coil appropriately to generate an AC magnetic
field, power or current sense or regulation circuitry, micro-
controllers, and means of communication with a receiver,
battery, or device. It may also be able to communicate data
with a device or battery or perform other functions. As used
herein, the term‘receiver’ means an inductivecoil or coils and

the circuitry for rectification and smoothing of received cur-
rent, any possible control or communication circuitry for
communication withthe charger and regulation ofpower and
any possible circuit for managing charging or measurement
ofstatus ofa battery or a device to be charged orpowered such
as a charge managementcircuit, fuel gauge, current, voltage,
or temperature sensor, etc. The receiver can also incorporate
appropriate circuitry for data transfer between a device or
battery and the charger. In accordance with an embodiment.
the mobile device charger and/or power supply can have any
suitable configuration, such as the configuration ofa flat pad.
The power received by the mobile device from the mobile
device charger/power supply (such as the primary in the
mobile device charger) can be rectified in the receiver and
smoothed by a capacitor before being connected to the
rechargeable battery whichis represented by the load in the
figures. To ensure proper charging of the battery, a regulator
or charge management circuit can be placed between the
output of the output of the rectifier/capacitor stage and the
battery. This regulator or charge management circuit can
sense the appropriate parameters ofthe battery (voltage, cur-
rent, capacity), and regulate the current drawn from the
receiver appropriately. The battery can contain a chip with
information regarding its characteristics that can be read out
by the regulator or charge management circuit. Alternatively,
such information can be stored in the regulator or charge
management circuit for the mobile device to be charged, and
an appropriate charging profile can also be programmedinto
the regulator or charge managementcircuit.
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[0104] FIG. 1 shows a pad using multiple receiver/ener-
gizer coils in accordance with an embodiment. In its simplest
format, the mobile device or battery charger or power supply
preferably has a substantially flat configuration, such as the
configuration of a pad 100, and comprises multiple coils or
sets ofwires 104. These coils or wires can be the same size as

or larger than the coils or wires in the mobile devices, or
battery and can have similaror different shapes, including for
example a spiral shape. For example, for a mobile device
charger or power supply designed to charge or provide power
to up to four mobile devices of similar power (up to 10 W
each) such as mobile phones, MP3 players, batteries, etc.,
four or more ofthe coils or wires will ideally be present in the
mobile device or battery charger. The charger or power supply
pad can be powered by plugging into a power source such as
a wall socket or itselfbe powered or charged inductively. The
pad can also be powered by another electronic device, such as
the pad being powered through the USBoutlet ofa laptop or
by the connector that laptops have at the bottomforinterfac-
ing with docking stations, or powering other devices. The pad
canalso be incorporated into a docking station, such as may
be used by notebook computers orbuilt into a table or other
surface.

[0105] In accordance with an embodiment, a mobile device
canincludea receiverthat includes one or more coils or wires

to receive the power fromthe mobile device charger or power
supply. As described in further detail below, the receiver can
be madepart ofthe battery in the mobile deviceor ofthe shell
ofthe mobile device. Whenit is part of the mobile device
shell, the receiver can be part of the inside surface of the
mobile device shell or of the outside surface of the mobile

device shell. The receiver can be connected to the power input
jack of the mobile device or can bypassthe input jack and be
directly connected to the battery or charge managementcir-
cuit inside the mobile device. In any of these configurations,
the receiver includes one or more appropriate coil or wire
geometries that can receive power from the mobile device
charger or power supply whenit is placed adjacent to the
mobile device charger orpowersupply. In accordance with an
embodiment, the coils in the mobile device charger or power
supply and/orthe coils in the mobile devicesor battery can be
printed circuit board (PCB) coils, and the PCB coils can be
placed in one or more layers of PCB.
[0106] In some embodiments, the charger or power supply
can also itself be built into a mobile device or battery. For
example, a laptop computer or other portable or mobile
device can incorporate a charger or power supply section so
that other mobile devices can be charged or powered as
described above. Alternatively, using the sameset of coils or
wires, or a separate set ofcoils or wires, any mobile device or
battery can itself be used as an inductive charger or power
supply to poweror charge other mobile devices or batteries.
[0107] In accordance with an embodiment, the mobile
device charger/power supply or pad, and the various mobile
devices or batteries, can communicate with each other to
transfer data. In one embodiment, the coils in the mobile

device charger/power supply that are used for powering or
charging the mobile device, or anotherset ofcoils in the same
PCBlayeror ina separate layer, can be used for data transfer
between the mobile device charger/power supply and the
mobile device to be charged or powered or the battery
directly. Techniques employed in radio and network commu-
nication, suchas radio frequency identification (RFID), Blue-
tooth, WiFi, Wireless USB, or others can be used. In one
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embodiment a chip connected to an antenna (for example, the
receiver coil or separate data antenna) or another means of
transfer of information can be used to provide information
about, for example, the presence of the mobile device or
battery, its authenticity (for example its manufacturer code)
and the devices’ charging/power requirements (such as its
required voltage, battery capacity, and chargealgorithm pro-
file).
[0108] In accordance with an embodiment, a typical
sequence for charger/powersupply operationis as follows:
[0109] The mobile device chargeror power supply can bein
a low powerstatus normally, thus minimizing powerusage.
[0110] Periodically, each ofthe coils (or a separate data coil
in another PCBlayer) is powered upin rotation with a short
signal such as a short radiofrequency (RF) signal that can
activate a signal receiverin the receiver such as an RF ID tag
or a circuitry connected to the receiver coil.
[0111] The mobile device charger/power supply thentries
to identify a return signal from any mobile device, battery (or
any receiver) that may be nearby.
[0112] Once a mobile device, or battery (or a receiver) is
detected, the mobile device charger or power supply and the
mobile deviceor battery to proceed to exchange information.
[0113] This information can include a unique ID code that
can verify the authenticity and manufacturer ofthe charger or
power supply and mobile device or battery, the voltage
requirements of the battery or the mobile device, and the
capacity of the battery. For security purposes or to avoid
counterfeit device or pad manufacture, such information can
be encrypted, as is common in some RFID tags or other
verification systems.
[0114] Inaccordance with various embodiments, other pro-
tocols such as Near Field Communications (NFC) or Felica
can be used, whereinthe circuitry containing the ID and the
necessary informationis poweredeither by the mobile device
or battery or remotely by the mobile device charger or power
supply. Depending on the particular implementation needs,
Bluetooth, WiFi, Wireless USB,and other informationtrans-

fer processes can be used. Additional information regarding
the charging profile for the battery can also be exchanged and
can include parameters that are used in a pre-programmed
charge profile stored in the mobile device or battery charger.
However, the information exchanged can be as simple as an
acknowledgesignalthat shows the mobile device charger that
a mobile device or rechargeable battery is present. The
charger or power supply can also contain meansfor detection
and comparisonofthe strength of the signal over different
locations on the charger or power supply. In this way, it can
determinethe location of the mobile device or battery on the
charger or power supply, and then proceed to activate the
appropriate region for charging or powering.
[0115] In some embodiments that require greater simplic-
ity, no communication need take place between the mobile
device charger or power supply and the mobile device or
battery. In some embodiments the mobile device charger or
power supply can sense the mobile device or battery by
detecting a changein the conditions ofa resonant circuit in the
mobile device charger or power supply when the mobile
device or battery is brought nearby. In other embodiments the
mobile device or battery can be sensed by means ofa number
ofproximity sensors such as capacitance, weight, magnetic,
optical, or other sensors that determine the presence ofa
mobile device or battery near a coil in the mobile device or
battery charger or power supply. Once a mobile device or
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battery is sensed near a primary coil or section of the mobile
device or battery charger or power supply, the mobile device
charger or power supply can then activate that primary coil or
section to provide power to the receiver coil in the mobile
device’s battery, shell, recerver module, battery, or the device
itself.

Inductive Charging Circuit

[0116] Each mobile device and its battery has particular
characteristics (voltage, capacity, etc.). In order to facilitate
these different devices or batteries with a single universal
mobile device charger or power supply, several circuit archi-
tectures are possible, some of whichare described in further
detail below.

[0117] FIG. 2 shows the main components of a typical
inductive powertransfer system 110. The circuit illustratedis
usedtoillustrate the principle of inductive powertransfer and
is not meantto be limiting to an embodiment. In accordance
with an embodiment, the charger 112 comprises a power
source 118, and a switch T 126 (which can be a MOSFETor
other switching mechanism)that is switched at an appropriate
frequency to generate an AC voltage across the primary coil
Lp 116 and generate an AC magnetic field. This field in turn
generates a voltage in the coil 120 in the receiver 114 that is
rectified and then smoothed by a capacitor to provide power
122 to a load RI 124, For ease of use, a receiver can be
integrated with a mobile device, suchas integrated inside the
mobile device or attached to the surface of the mobile device

during manufacture, to enable the device to receive power
inductively from a mobile device chargeror integrated into, or
onits battery.
[0118] In accordance with an embodiment, the circuit
shown in FIG. 2 can receive energy fed to it from a power
source, store the energy alternately in the inductor and the
timing capacitor (muchlike a tank stores liquid), and subse-
quently produce an output as a continuousalternating current
(AC) wave.Asthe voltage is applied to the primary side, the
tank circuit supplies the energy to the receiver. One of the
benefits of such a design is that the timing capacitor in the
circuit can be easily replaced. For example, if a relatively
higher value for capacitance (referred to in someinstances as
a timing capacitance)is used, then the frequency ofoperation
is lowered. This increases the on-time for the circuit, and

provides longer powertransfer and current throughthetrans-
former, and thus more power. As such a higher value of
capacitance can be used for high power applications. Con-
versely, if a relatively lower value for capacitance is used,
thenthe frequency ofoperation is increased. This reduces the
on-time and provides less powertransfer and current through
the transformer, and thus less power. Thus, a lower value of
capacitance can be used for low powerapplications. Replac-
ing the timing capacitance can be easily handled during
manufacturing to tune the power requirement on a macro
level, i.e. to get the output into an appropriate range for the
chosen application. Additional techniquescan then be used to
set the voltage output on a more accurate basis.
[0119] The mobile device or its battery typically can
include additional rectifier(s) and capacitor(s) to change the
ACinduced voltage to a DC voltage. This is then fed to a
regulator/charge managementchip which includes the appro-
priate informationfor the battery and/or the mobile device.
The mobile device charger provides powerandthe regulation
is provided by the mobile device. The mobile device or bat-
tery charger or power supply, afier exchanging information
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with the mobile device or battery, determines the appropriate
charging/powering conditions to the mobile device. It then
proceeds to power the mobile device with the appropriate
parameters required. For example, to set the mobile device
voltageto the right value required, the value of the voltage to
the mobile device charger can be set. Alternatively, the duty
cycle ofthe charger switching circuit or its frequency can be
changed to modify the voltagein the mobile device or battery.
Alternatively, a combination of the above two approaches can
be followed, wherein regulation is partially provided by the
charger or powersupply, and partially by the circuitry in the
receiver.

Inductive Charger Pad

[0120] To allow the operation of the mobile device orbat-
tery charger or power supplyregardless of position ofthe
mobile deviceor battery, the total area of the mobile device or
battery charger or power supply can be covered by coils or by
another wire geometry that creates magnetic field.
[0121] FIG. 3 shows a charging pad using multiple coils in
accordance with an embodiment. As shownin FIG. 3, in
accordance with an embodiment the pad 140is largely cov-
ered with individual receiver coils 144.

[0122] FIG. 4 shows a charging pad using multiple over-
lapping coil layers in accordance with an embodiment. This
embodiment addresses the problem of voids between the
multiple coils. As shown in FIG.4, any areas of the pad 150
with minimal magnetic field betweena first set of coils 152
canbefilled by a secondset of coils 154, so that the coils are
tiled suchthat the centers ofthis coil array fill the voids in the
primary set. This second set canbe at a different layer of the
same PCB,or ina different PCB. In each of these geometries,
the sensing circuitry can probe each location of a coil in a
raster, predetermined, or random fashion. Once a mobile
device or battery on or near a coil is detected, that coil is
activated to provide powerto the receiving unit receiverofthe
appropriate device.
[0123] It can be seen from the above example that by pro-
viding more layers of the PCB with coils, or by providing
coils of different geometry or size, one can obtain as much
resolution or coverage as desired.
[0124] In accordance with an embodiment, to power
mobile devices or batteries with power requirements that
exceed maximum powersattainable by typical coils in a sur-
face, the mobile device or battery, during its hand shake and
verification process can indicate its power/voltage require-
ments to the mobile deviceorbattery charger or powersupply.
Several geometries for achieving power/voltage levels other-
wise not attainable from a single primary coil of the mobile
device or battery charger or power supply are possible.
[0125] In accordance with one embodimentof the system
geometry, the power receiving unit of the mobile device or
battery has several coils or receiving units that are connected
such that the power fromseveral primary coils or sets ofwires
of the mobile device or battery charger or power supply can
add to produce a higher total power. For example, if each
primary coil is capable ofoutputting a maximumof10 Watts,
byusing six primary coils and six receivercoils, a total output
power of 60 Watts can be achieved. The numberof primary
and receiver coils need not be the same, and a large receiver
coil (receiving unit) that is able to capture the majority of
magnetic flux produced by 6 or other numberofprimary coils
or a large primary coil powering six or another number of
receiver coils can achieve the sameeffect. The size and shape

Apr. 16, 2009

of the multiple primary coils and receiver coils also do not
need to be the same. Furthermore, neither set of primary and
receiver coils need to be in the same plane or PCB layer. For
example, the primary coils in the examples shown above can
be dispersed such that some lay on one PCBplane and the
others in anotherplane.

[0126] In accordance with another geometry, the PCB of
the mobile device or battery charger or power supply has
multiple layers, wherein coils or wire patterns ofcertain size
and power range can be printed on one or more layers and
other layers can contain coils or wire patterns oflarger or
smaller size and power capability. In this way, for example,
for low powerdevices, a primary fromone of the layers will
provide powerto the mobile device or battery. Ifa device or
battery with higher power requirementsis placed on the pad,
the mobile device or battery charger or power supply can
detect its powerrequirements and activatealarger coil or wire
pattern with higher power capabilities ora coil or wire pattern
that is connected to higher power circuitry. One may also
achieve similar results by using a combinationofthe different
processes and geometries described above.

[0127] FIG.5 showsthe use ofmultiple coil types and sizes
in overlapping pad layers in accordance with an embodiment.
As shown in FIG. 5, the mobile device or battery charger or
powersupply orpad 160 can comprise two overlapping layers
witha first layer 162 containing low power coils, anda second
layer 164 containing high powercoils.

Inductive Charging Receiver

[0128] As described above, the inductive charging or power
supply pad is used to power a receiver, whichin turn is used
to powerorto charge a portable or mobile device orbattery.In
accordance with one embodimentofthe receiver, the power
from the mobile device or battery charger or power supply is
emitted at a magnitude that is sufficient to power any fore-
seeable mobile device or battery (such as 5 W or 10 W for
small mobile devices or batteries). The receiver that is appro-
priate for each mobile device or battery has a powerreceiving
part that when matched to the mobile device or battery
charger or powersupply is able to receive sufficient powerfor
the mobile device or battery. For example a receiver for a
mobile phone requiring 2.5 W can be a coil with certain
diameter, number of turns, wire width,etc. to allow receipt of
the appropriate power. The poweris rectified, filtered, and
then fed into the battery or power jack of the device. As
discussed above, a regulator or charge management circuit
can be used before the poweris provided to the battery or the
mobile device.

[0129] ‘To save energy, the power emitted by the mobile
device or battery charger or power supply canbe regulated.It
is desirable to regulate the power emitted by the charger or
powersupply becauseif the charger or power supply is emit-
ting 10 W ofpowerandthereceiver is designed to receive 5 W,
the rest of the emitted poweris wasted. In one embodiment,
the receiver or the mobile device can, throughanelectrical
(such as RF), mechanical, or optical method, inform the
charger or power supply about the voltage/current character-
istics ofthe device or battery. The primary of the charger or
powersupply in the circuit diagrams shownabovethen can be
driven to create the appropriate voltage/current in the
receiver. For example, the duty cycle of the switch in that
circuit can be programmed with a microprocessor to be
changed to provide the appropriate levels in the receiver.
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[0130] In accordance with an embodiment, the program-
ming can be performed by a look up table in a memory
location connected to a microprocessor or by using an algo-
rithm pre-programmed into the microprocessor. Alterna-
tively, the frequency ofthe switch can be changed to move the
circuit into, and out of, resonance to create the appropriate
voltage in the receiver. In analternate geometry, the voltage
into the circuitry in the primary can be changed to vary the
voltage output from the receiver. Furthermore, the induced
voltage/current in the mobile device can be sensed and com-
municated to the charger to forma closed-loop, and the duty
cycle, frequency, and/or voltage of the switch canbe adjusted
to achieve the desired voltage/current in the mobile device.
[0131] In accordance with an embodiment, the receiveris
built onto or into the battery for the mobile device. The
receiver can include one or more coils or wires shaped to
receive power fromthe charger or power supply. The one or
more coils or wires can be either printed on one or more
PCBs, or formed from regular wires. As described above, the
receiver can also containrectifier(s) and capacitor(s) to pro-
duce a cleaner DC voltage. This output can be directly, or
through a current limiting resistor, connected to one ofthe
contacts onthe battery. ‘To avoid overcharging the battery, a
battery regulator or charge management chip can also be
used. Thiscircuit then measures the various parameters ofthe
battery (voltage, degree of charging, temperature, etc.) and
usesan internal programto regulate the power drawn fromthe
circuit to ensure over-charging does not occur. The circuit can
also include LEDsto show the receiver being in the presence
of a magnetic field fromthe charger, complete charge LEDs
and/or audible signals.
[0132] In typical commercial and end-user applications,
such as in cell phones, PDAs, and MP3 players, the battery
can be incorporated into the battery pack or the device by the
original equipment manufacturer (OEM),oras an after-mar-
ket size and shape compatible battery pack that can replace
the original battery pack. The battery compartmentin these
applications is typically at the bottom of the device. The user
can open the battery compartment, take out the conventional
battery, replace it with a modified battery in accordance with
an embodiment, and thenreplace the battery lid. The battery
can then be charged inductively when the mobile device is
placed adjacent a mobile device charger.
[0133] To enhance the ability of the receiver to receive
power, it may be desirable to minimize the distance between
the charger’s primary coil and the receiver’s coil or wire. In
order to achieve this, in accordance with an embodiment the
receiver's coil or wire can be put on the outside of the battery
pack.

[0134] FIG. 6 showsa battery with an integrated receiverin
accordance with an embodiment. As shown in FIG. 6, the

receiver 170 comprises the battery 182, together with the
receiver coil 172, and any rectifiers 174, capacitors 176, regu-
lators or charge management chips 180 necessary for proper
operation ofthe charging receiver. Ifthe battery compartment
lid of the device prevents a powerreceiving light emitting
diode (LED)to be seen,the lid can itself be replaced with a
see-throughlid or alid witha light pipe that will allowthe user
to see the charging indicator LED whenthe mobile deviceis
placed adjacent to the charger.

[0135] In an alternative embodiment, the receiver battery
can include a mechanical, magnetic, or optical method of
alignment of the coils or wires of the charger and mobile
device for optimum powertransfer. In accordance with an
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embodiment, the center of the primary in the charger contains
a magnet such as a cylinder or disk or ring with the poles
parallel to the charger surface and the magneticfield perpen-
dicular to the charger surface. The receiver also contains a
magnet or magnetic metal part ofa similar or different shape
behind or in front of the coil or wire receivers. When the

mobile device or battery is placed on or adjacent to the
charger or powersupply, the magnetsattract and pull the two
parts into alignment with the centers of the two coils or wires
aligned. The magnets do not need to be especially strong to
actively do this. Weaker magnets can provide guidanceto the
user’s hand and largely achieve the intended results. Alterna-
tively, audible, or visual signs (for example an LEDthat gets
brighter as the parts are closer aligned), or mechanical means
(dimples, protrusions, etc.) can be used for alignment.
[0136] In accordance with another embodiment, the coil or
wires and the magnet in the charger or power supply are
mechanically attached to the body of the charger or power
supply suchthat the coil can moveto align itselfappropriately
with the mobile device or battery whenit is brought into close
proximity to the charger or power supply. In this way, an
automatic alignment ofcoils or wire patterns canbe achieved.
[0137] In another embodiment, the receiver electronics
described above are preferably made from flexible PCB
which can be formed into a curved shape. Such a PCB can be
placed onthe surface of a battery pack, including onethatis
notflat, or that has a curved shape. The curve on the battery or
back ofa mobile device battery lid can be matched to a curved
primary in the mobile device or battery charger or power
supply and be used for alignment. One example ofusage of
this embodiment can be for example flashlights that have
circular handles: the batteries can be charged withcoils on the
side of circular batteries, or circling the cylindrical battery.
Similarly, the mobile device or battery charger or power sup-
ply can have a curved shape. For example, the charger or
powersupplysurface can be in the shape of a bowl or some
similar object. A mobile device or battery that may havea flat
or curved back can be placed into the bow]. The shape ofthe
bowl can be madeto ensure that the coil of the mobile device

or battery is aligned with a primary coil to receive power.
[0138] In another embodiment, the primary can be incor-
porated into a shape such as a cup. A mobile device can be
placed into the cup standing on end and the receiver can be
built-in to the end of the mobile device (such as a mobile
phone) or battery or on the back or circumference of the
device or battery. The receiver can receive power from the
bottomor wall ofthe cup.
[0139] In another embodiment, the primary of the charger
can have a flat shape and the mobile devices or battery can be
stood up to receive power, Thereceiveris built into the end of
the device or battery in this case anda stand or some mechani-
cal means canbe incorporated tohold the deviceor battery
while being charged.

[0140] Inanother embodiment, the charger or power supply
can be made to be mounted ona wall or a similar surface,
vertically or at an angle (such as ona surface ina car), so as to
save space. The charger or power supply can incorporate
physical features, magnets, fasteners or the like to enable
attachmentor holding of mobile devices to be charged. The
devices or batteries to be charged or powered canalso incor-
porate a retainer, magnet, or physical shape to enable them to
stay on the charger or power supply inavertical, slanted, or
someother position. In this way, the device or battery can be
charged or powered by the primary whileit is near or onit.
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[0141] For those applications where the lid of the battery
compartmentor the bottom part of the mobile device is made
from a metal, a replacement non-metallic lid or backing can
be used. Alternatively, the coil can be attached to the outside
of the metal surface. This allows electromagnetic (EM)fields
to arrive at the powerreceiver coil or wires. The rest ofthe
receiver (i.e. circuitry) can be placed behind a metal for the
receiver to work. In someother applications wherethe battery
has metal parts, these parts may interfere with the EM field
and the operationofthe coil in the receiver. In these cases,it
may be desirable to provide a distance between the metal in
the battery and the coils. This can be done with a thicker PCB
or battery top surface. Alternatively, to provide additional
immunity, ferrite material (such as those provided by Ferrish-
ield Inc.) can be used betweenthe receiver and the battery to
shield the battery or device from the EM fields. These mate-
rials can be madesoas to be thin, and then used during the
construction of the integrated battery/receiver.
[0142] In accordance with another embodiment, the
receiver in the battery or mobile device also includes a means
for providing information regarding battery manulacturer,
required voltage, capacity; current, charge status, serial num-
ber, temperature, etc. to the charger. In a simplified embodi-
ment, only the manufacturer, required voltage, and/or serial
numberis transmitted. This informationis used by the charger
or power supply to adjust the primary to provide the correct
charge or powerconditions. The regulator or charge manage-
ment chip in the receiver can then regulate the current and the
load to charge the battery correctly and can end charge atthe
end. In another embodiment, the receiver can control the

charging process fully depending on the time dependent
information on battery status provided to it. Alternatively, the
charging process can be controlled by the charger in a similar
manner. As described above, the information exchange
between the charger and the receiver can be through an RF
link or an optical transmitter/detector, RFID techniques,
Near-Field Communication (NFC), Felica, Bluetooth, WiFi,
or some other method of informationtransfer. Similarly, the
receiver can send signals that can be used by the charger to
determinethe location of the receiver to determine whichcoil

or section of the charger or power supply to activate. The
communication link can also use the same coil or wires as

antenna for data transfer or use a separate antenna. In some
embodiments the received canuse the actual capabilities of
the mobile device(for example, the built-in Bluetooth or NFC
capabilities of mobile phones) to communicated with the
charging or power supply pad.
[0143] As described above, in accordance with some
embodiments the receiver can be integrated into the body of
the device or battery itselfat a location that may be appropri-
ate and can be exposed to EM radiation from outside. The
output of the receiver can be routed to the electrodes of the
battery internally inside the device and appropriate circuitry
inside the device can sense and regulate the power. The device
can include LEDs, messages, etc. or audible signsthat indi-
cate to the user that charging is occurring or complete or
indicate the strength of the received power(i.e. alignment
with a primary in the charger) or the degree ofbattery charge.
In other embodiments, the receiver is built into an inner or

outer surface of a component that is a part of the mobile
device or battery’s outer surface where it is closest to the
charger. This can be done as original equipment or as an
after-market item. The componentcanbethelid ofthe battery
pack or the bottom cover of the mobile device. In yet other
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embodiments, the receiver can be integrated into the back or
front of the battery compartmentor an interchangeable shell
for the mobile device for use in after-market applications. For
example, in a mobile phone application, the back battery
coveror shell can be removed and replaced withthe new shell
or battery cover with the receiver built in.
[0144] FIG. 7 shows a coupling ofreceiver with a deviceto
be charged orpowered in accordance with an embodiment. As
shownin FIG.7, the original mobile phone setup 190 includes
a device 192 with shell 194 and powerjack 196. Theafter-
market modification 200 replaces the original shell with a
combination shell 210 that includes the necessary receiver
coils and battery couplings. The contacts fromthis circuitry
can then make direct contact to the battery electrodes inside
the mobile device or to some contactpoints inside the mobile
device if such contacts exist or become provisioned by the
device manufacturer during manufacture. Alternatively, the
receiver may be a component (suchas a shell) that has a
connectorthat plugs into the input powerjack of the mobile
phoneor electrodes of a battery. The receiver can be fixed to,
or detachable from, the mobile deviceor battery. This can be
achieved by having a plug thatis attached either rigidly or by
a wire to the receiver(shell). Alternatively, the replacement
receiver (shell) can be larger than the original shell and extend
back furtherthantheoriginal shell and contain the plugso that
whenthe receiver(shell) is attached, simultaneously, contact
to the input power jack is made. Alternatively, the receiver
(shell) can have a pass-through plug so that while contactis
madeto this input power connector, the connectorallows for
an external regular power supply plug to be also used as an
alternative. Alternatively, instead ofa pass-through,this part
can include a powerjackinanother locationin the back sothat
a regular power supply can be used to charge the battery. In
cases where the connector to the device performsother func-
tions such as communication to the device, a pass-through
connector can allow communication/connectivity to the
device.

[0145] In accordance with another embodiment, the
replacement receiver(i.e. the replacementshell) or the plug in
unit, in addition to the power receiver components and cir-
cuitry, can include additionalcircuitry that can provide fur-
ther functionalities to the mobile device. These can include,

for example, the ability to exchange data through Bluetooth,
WiFi, NFC, Felica, WiMax, RFID, or another wireless or
optical mechanism.It can also provide extended functional-
ities such as Global Positioning System (GPS) locationinfor-
mation,flashing lights, flashlight, or other decorative or elec-
tronic functions. As described above, various methods for
improving coil alignment, or location, battery manufacturer,
or battery condition information transfer can also be inte-
grated into the receiver or replacementshell.
[0146] In another embodiment, the receiver is supplied in
the formofa separate unit that is attached to the input jack of
the mobile device or battery or integrated into a receiver
protective skinfor the mobile device. Manyleatherorplastic
covers for mobile phones, cameras, and MP3players already
exist. The primary purpose of these covers is to protect the
device from mechanicalscratches, shocks, and impact during
daily use. However, they typically have a mere decorative or
advertising application. In accordance with one embodiment,
the receiver is formed of a thin PCB with the electronics

formed thereon, and the receiver coil or wire that is attached
to the back ofthe device and plugsinto the input jack similar
to the shell described above. Alternatively, it can be connected
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througha flexible wire or flexible circuit board that is routed
to a plug for the input powerjack.
[0147] In accordance with another embodiment, the
receiver can be a separatepart that gets plugged into the input
jack during charging andisplaced on the charger and can then
be unpluggedafter chargingis finished.
[0148] In another embodiment, the receiver is built in the
insideor outside surface or in betweentwolayers ofa plastic,
leather, silicone, or cloth cover for the mobile device and
plugs in or makes contactto the contact points on the device.
[0149] It will be noted that certain devices such as note-
books and some music players have metal bottom surfaces.
The methods described above for changing the back surface
or use ofa plug in the mobile device or a secondary skin with
an integrated receiver is particularly useful for these applica-
tions. As described previously, the effect of the metal surface
can also be minimized, if necessary, by increasing the dis-
tance betweenthe wires of the receiver and the metal surface

or by placing a ferrite layer in between the receiver and the
metal bottom.

[0150] It is also noted that the use of methods such as
curving the receiver or integrating magnets, LEDs, audio
signals or messages, etc. for alignment, or methods for loca-
tion, manufacturer or charging condition identification, as
described above are possible with all embodiments of an
embodiment described above. In any of the above cases, the
charger or power supply can contain lights, LEDs, displays,
or audio signals or messagesto help guidethe userto place the
mobile device or battery on a primary coil for maximum
reception, to show charging is occurring, and to show the
device is fully charged. Displays to show how full the battery
is or other information can also be incorporated.

Flexible/Modular Charging Pad

[0151] Inaccordance with an embodimenta flexible mobile
device charger or power supplyis provided in the shape ofa
pad that can be folded or rolled up for carrying. In one imple-
mentation ofan embodiment, the electronics of the charger or
powersupply are placed ona thin flexible PCBorthe coils are
madeofwires that can be rolled up or shaped. The electronics
components madeofsilicon chips, capacitors, resistors and
the like may not be flexible but take up very little space. These
rigid components can be mounted ona flexible orrigid circuit
board, while the main sectionofthe pad containing the coils
orwires for energy transfer can be madetobe flexible to allow
conformity to a surface or to be rolled up. Thus the pad
resembles a thin mouse padorthe like.
[0152] Insomecases, it may be advantageousto the userto
have a mobile device charger or power supply that is extend-
ible in functionalities.The cases include butare notlimited to:

[0153] A user may purchase a mobile device or battery
charger or power supply for charging or powering a
single low powerdevice or battery but, at a later stage,
may want to extend the capability to charge or power
more devices or batteries simultaneously.

[0154] A user may purchase a mobile device or battery
charger or powersupply for charging or supplying powerto
one or more low powerdevices or batteries but may wantto
charge or supply power to more low power or high power
devices orbatteries.

[0155] Ausermay buy a mobile device or battery chargeror
powersupply that can charge or supply powerto one or more
low-poweror high-power devices or batteries and later wish
to have the communicationorlocal storage, or a rechargeable

10
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battery, or means of power generation suchas solar panels or
some other capability, added to the charger or power supply.
[0156] In all of the cases above and others, it can be useful
to have a modular approachto expand the capabilities ofthe
mobile device or battery charger or power supply.
[0157] FIG. 8 shows a pad 220 in accordance with an
embodimentthat allows for modular or multiple connectivity.
In this case, the user can purchase a first unit 222 that is
powered byan electric outlet 224. However, interconnects
226 for power anddata are provided so that additional units
228, 230 can simply fit or plug into this first one directly or
indirectly and expand the capabilities as the customer’s needs
grow. Data communications and storage units 234 canalso be
attached in a modular fashion. This approach would enable
the customerto use the technology at a low cost entry point
and grow his/her capabilities over time.
[0158] Some of the electronics devices that can benefit
from these methods include: mobile phones, cordless phones,
personal data assistants (PDAs), pagers, walkie-talkies, other
mobile communication devices, mobile electronic mail

devices, Blackberry’s, MP3 players, CD players,DVD play-
ers, game consoles, headsets, Bluetooth headsets, hearing
aids, head-mounted displays, GPSunits, flashlights, watches,
cassette players, laptops, electronic address books, handheld
scanning devices, toys, electronic books, still cameras, video
cameras, film cameras, portable printers, portable projection
systems, IR viewers, underwater cameras or any waterproof
device, toothbrushes, shavers, medical equipment, scientific
equipment, dental equipment, military equipment, coffee
mugs, kitchen appliances, cooking pots and pans, lamps or
any battery, DC, or AC operated device.
[0159] In addition, inductive power transfer can provide
power to devices that are not so far battery operated. For
example, a mobile device charger or power supply in the
shape ofa pad placed on a desk ora kitchentable can be used
to power lampsorkitchen appliances. In one embodiment for
the use in a kitchen, a flat charger, or power supply such as a
pad, placed on or built into a counter can allow the chef to
place devices on the charger or powersupplytobe inductively
charged or powered during use and simply place them away
after use. The devices can be, for example, a blender, mixer,
can opener, or even pot, pan, or heater. This can eliminate the
need for a separate cooking and workarea, It will be noted
that placement of a metal pan close to the inductive pad can
directly heat the pan and the contents while keeping the
charger or power supply surface cool. Due to this reason,
inductive kitchen ranges have been commercialized and
shownto be moreefficient thanthe electric ranges that work
by resistive heating ofa coil.
[0160] Inanother embodiment, ratherthan direct heating of
metal pans by nearby inductive fields, cooking pans may
include a receiver and heating or even cooling elements. Once
placed on a charger, the pan will heat up or cool down as
desired by a dial or the like on the pan allowing precise
temperature control of the pan and the contents.
[0161] Similarly, in an office or work areasetting, if a
charger or powersupply is readily available for charging or
powering mobile devices or batteries, it can also be used to
powerup lampsfor illuminationofthe desk or used to power
or charge office appliances, such as fax machines, staplers,
copiers, scanners, telephones, and computers. In one embodi-
ment, the receiver can be built into the bottom of a table lamp
and the received poweris used to powerthe incandescent or
LEDlamp.
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[0162] In another embodiment, a mug, cup, glass, or other
eating appliance suchas a plate canbefitted with a receiverat
its bottom. The received power can be used to heat the mug,
etc. with a heating coil thus keeping beverages or food warm
to any degree desired. Furthermore, in accordance with an
embodiment, by use ofdevices such as thermoelectric coolers
the contents can be cooled or heated as desired.

[0163] Similarly, many children’s toys often run out of
battery power due to extendeduse or simple forgetfulness to
turn the device off. Often these batteries are included inside a

battery compartment that for safety reasons can only be
opened by a screwdriver. Inclusionofthe receiver into toys or
batteries inside can reduce the need to change the device
batteries and allow recharging with a much simpler method.

[0164] In another implementation, the receiver can be built
into medical devices or their batteries that are implanted or
inserted in the body. Since batteries in these devices such as
pace makers, cochlear implants, hearing aids, or other moni-
toring devices may need periodic charging, inductive power
transfer can provide anideal non-contact method for charging
and testing the performanceofthe devices (i.e. check up) or
downloading data that the devices have logged.

[0165] In another implementation, some active RFIDtags
include batteries that can send out information about the

status or location of a package or shipment. An inexpensive
method for charging these tags is to include a receiver with
each tag. Thus, a charger can be used to poweror charge these
RFID tags.

[0166] It will be noted that the effective working distance of
the inductive charger is dependent on the power and the
frequency of the source andthe size and geometry of the coil.
By increasing the frequency to several or tens of MHz, one
can obtain a working distance of several inches or feet
depending onthe applicationfor the technology. It will also
be noted that any ofthe above embodimentsthat eliminate the
input powerjack are especially important because they add to
product reliability by removing a source of mechanical or
environmental failure. In addition, elimination of the jack is
imperative for water proofapplications and for extra safety.

Efficiency Enhancements through Coil Circuit

[0167] In accordance with an embodiment, in order for the
powerefficiency to be maximized and to minimize losses in
the coil, the coils should be manufactured to have as low a

resistance as possible. This can be achieved by use of more
conductive material such as gold, silver, etc. However the
costs of these materials are sometimes prohibitive. In prac-
tice, reduced resistivity can be obtained by using thicker
copper-clad PCBsor wider tracks. Most common PCBs use
1-2 oz copper PCBs.In accordance with some embodiments
the coil PCBused for the wireless charger can be made from
PCBs clad with between 2 and 4, or even 6 oz copper. The
process of manufacture of the PCB can also be optimized to
achieve higher conductivity. For example, sputtered copper
has a higher conductivity than rolled copper and is typically
better for this application. In operation, the coil and the cir-
cuitry demonstrate a resonanceat a frequency determined by
the parameters of the design of the coil (for example, the
number of windings, coil thickness, width, etc.). Previous
work has concentrated on circuits driven by square waves
with a MOSFET. This approach has the disadvantage that
since a square waveis not a pure sinusoid, it produces har-
monics. These harmonics are undesirable because:
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[0168] The PCB coil produces optimum power transfer
efficiency at a particular frequency. The harmonics in the
primary signal are not transferred as efficiently and decrease
the overall systemefficiency.
[0169] The rapid voltage changein the leading and falling
edge of the square wavecreates oscillations that create further
harmonies resulting further EMI.
[0170] Theharmonicsradiated by the primary create higher
frequency componentsthat contribute to the EMIthat is more
radiative (due to higher frequency). It is desirable to limit the
frequency range of the operationofthe overall system to as
low a frequency as possible while maintaining the other
requirements of the system(such as sufficient working dis-
tance, etc.), so these harmonics must be avoided.
[0171] At the instance ofswitch turn-on and turn-off, the
changeinthe in-rush current to the coil causes huge voltage
swings across the coil fora short period of time. All the power
is transferred to the receiver during these times that are short.
[0172] Previous attempts to achieve 90%transfer efficiency
with PCB coil primary and receiver have used a laboratory
powersupply to drive their circuit. While this approach has
demonstrated the higherefficiency that can be achieved with
a sinusoidal voltage on the coil, such power supplies are
complex, costly, and too large to be able to be used for any
practical charger application. In accordance with an embodi-
ment, a capacitor is added in parallel to the drain/source
contacts of the MOSFET.

[0173] FIG. 9 showsa figure of a circuit diagram 240 in
accordance with an embodiment. The coil in the wireless

charger system is driven by switching the FETat the reso-
nance frequency ofthe circuit when the receiver is present.
Without the receiver nearby,the circuit is detuned fromreso-
nance and radiates minimal EMI. The capacitor 244acts as a
reservoir ofenergy that discharges during switchoff time and
enhances energy transfer. As with the examples described
above, changing the value ofthe capacitance allows for tun-
ing the powerand efficiency levels on a lower-power/high-
power basis, and additional features and techniques can be
used to fine tune the power output for particular devices.
[0174] The circuit designsillustrated in FIG, 2 and FIG. 9
use a zero-crossing power supply. Briefly, in a zero-crossing
power supply, when the transistor in the primary coilis first
turned on, electrical current passes through the primarycoil
and the transistor to ground. Whenthetransistoris then turned
off, the voltage level at the transistor swings high (for
example, ifthe input voltage is 5V, then the voltage level may
swing to 1OV, or even 100V). A non-zero-crossing circuit
allowsthe current to dropto zero, before the cycleis restarted.
A forward modecircuit can then use an inductorinseries with

the load to revive the current and chargeup the inductor, while
a diode allows charging in both directions (whenfull phase
AC is used).

[0175] Ina traditional transformer design, zero-crossing is
not used, since it invariably results in lower efficiency com-
pared to non-zerodesigns,at least with higher powerorferrite
cores. This is primarily because the traditional ferrite cores
act as capacitors and store energy, which in turn reduces the
circuit efficiency. As described above, in accordance with an
embodiment, whenanonferrite coil there is no magnetic flux,
so theefficiency is not affected to the sameextent.
[0176] Furthermore, since the system doesnot use a ferrite
or ferromagnetic core, the overall size and weight of the
device can be reduced. In accordance with some embodi-

ments the coil can be formed ona printed circuit board (PCB),
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with no heavyferrite coils, no soldering and no wiring to the
coils. In accordance with some embodiments there is no need

for a magnetic core in the secondary in the receiver. Since
magnetic cores are usually large and heavy this results in
considerable size savings.
[0177] By way ofexample, in accordance with an embodi-
ment that uses an IRFRO220 chip as a FET and use 4 oz
copper coils with 9 turns and 1.25" diameter, the circuit in
FIG. 2 above, can be loaded with RL of 10 Ohmand tuned to

operate at 1.3 MHz. With matching coils in the primary and
secondary in the receiver, without capacitor C, total circuit
efficiency of the circuit including the clock and FETdriver
circuit approaches 48%. Addition of a 1600 pFcapacitor in
parallel to the FET increases thetotal circuit efficiency to 75%
(a better than 50% increase in efficiency), while simulta-
neously decreasing the voltage across the FET and also the
harmonics in the circuit. The coil to coil transfer efficiency
with the capacitor placed inparallel with the FETis estimated
to be approximately 90%. The advantages of this approach
include:

[0178] Highefficiency (~90%coil to coil).
[0179] Lowringing oscillation and EMI.
[0180] Simplicity and low cost.
[0181] Lower FET source-drain voltage swing allowing
use of a larger selection of FETs.
[0182] In many applications,it is also desired that the pad
and the receiver are arranged so that the pad does not emit
power unless the receiveris nearby.
[0183] FIG. 10 and FIG, 11 show circuit diagramsin accor-
dance with an embodiment. In additionto high efficiency, one
methodthat is required for minimizing EMI and maintaining
high overall efficiency is the ability to recognize the presence
ofa receiver nearby, and then turning on the pad only when
appropriate. Two methodsforthis are described below.
[0184] As shown in FIG. 10, in accordance with one
embodiment, the pad circuit 260 incorporates a micro control
unit (MCU1) 266that can enable or disable the FETdriver
268. The MCU1receives input from another sensor mecha-
nism that will provide information that it can then use to
decide whether a device is nearby, what voltage the device
requires, and/or to authenticate the device to be charged or
powered.
[0185] One of the sensor mechanismsfor this information
are throughthe use ofan RFID reader 280 that candetect an
RFIDtag of circuit and antenna in the receiver(i.e. device or
battery to be charged or powered). The information on the tag
canbe detected to identify the voltage in the receiver required
and to authenticatethe circuit to be genuine or underlicense.
The information on the tag can be encrypted to provide fur-
ther security. Once a device or battery containing the tag is
nearby the pad, the RFIDreader canbe activated, canread the
information on the tag memory, and compare withatable to
determine authenticity/voltage required or other info. This
information table can also reside on the MCU1 memory.
Once the information is read and verified, the MCU1 can

enable the FETdriverto start driving the coil on the pad and
to energize the receiver.
[0186] In another embodiment the MCU1relies on a clock
270 to periodically start the FETdriver. The current through
the FET driver is monitored through a current sensor 264.
Several methods can be implemented with this implementa-
tion, including for example:

[0187] A small resistor can be placed in series with the
FETto ground contact. The voltage acrossthis resistor

12
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can be measured by a current sensor chip, such as a
Linear Technology Current Sense Amplifier part num-
ber LT1787.

[0188] A Hall sensor, such as a Sentron CSA-1A,that
measures the current froma wire running underit, can be
placed on top ofthe PCB line from the FETto the ground
to measure the current withoutany electrical connection
to the circuit, The advantage ofthis approachis that no
extra resistor in series withthis portionofthe circuit is
necessary reducing the impedance.

[0189] Other techniques may be used to measure the
current.

[0190] A Hall sensor or a Reed switch can sense a mag-
netic field. Ifa small magnetis placed inside the receiver
unit ofthe system, a Hall sensor or Reed switch can be
used to sense presence of the magnetand canbe used as
a signalto start the FET.

[0191] Other capacitance, optical, magnetic, or weight,
etc. sensors can be incorporated to sense the presence of
a secondary or receiver and to begin the energy transfer
process.

[0192] FIG. 11 showsa figure of a circuit diagram 290 in
accordance with an embodiment. In accordance with an

embodiment, the MCU1 canperiodically start the FETdriver.
If there is a receiver nearby, it can power the circuit, The
regulator 296, or another memory chip in the circuit can be
programmed so that on power-up, it draws current in a pre-
programmed manner. An example is the integration of an
RFID transponderchip inthe path, such as ATMELe5530 or
another inexpensive microcontroller (shown here as MCU2
294), that upon power-up modulates the current in the
receiverthat can then be detected as current modulationin the

primary. As with the previous example, other sensors, such as
an RFID antenna 292 canalso be used to provide positional
and other information.

[0193] FIG. 12 showsa figure ofa powertransfer chart 300
in accordance with an embodiment, illustrating transferred
poweras a function ofoffset betweencoils.

Efficiency Enhancements in Coil Layout

[0194] An important aspect of powertransfer efficiency
relates to the alignmentofcoils with respect to each other.
[0195] FIG. 13 and FIG. 14 show figures ofa coil layout in
accordance with an embodiment. Ifposition independenceis
required, the pad PCB can be patterned with a coil pattern to
coverthe full area. FIG. 13 shows a pad type charger or power
supply 310 including a layer of coils 312 with minimal spac-
ing 314 between the coils. Each coil has a center 316 associ-
ated withit. In accordance with an embodiment, the power
transfer for a 1.25" diametercoil as the center ofthe receiver

is offset from the center of primary. The powerdrops off to
25% of the maximumvalue whenthe twocoils are offset by
a coil radius. As described above,in order to better keep the
coils aligned, use of magnets centered on the primary and the
receiver coil can provide an automatic method ofbringing the
twoparts into alignment.

[0196] Inorderto produce uniform fields, a numberofcoils
around the receivercoil will typically need to be turned onto
producea field. However, with sucha pattern, ifa receiver coil
is placed in between two primary coils, the voltage is still not
optimized. Research has shownthat to obtain uniform fields,
three layers of coil patterns offset with respect to each other
are required.
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[0197]
the three layers 322, 324 required to achieve position inde-
pendent magnetic field pattern. For a receiver placed at the
center ofthe circle, all the coils nearby (in and around the
circle 328) will need to be turned onto achieve a uniformfield

in the desired location 326. While this approach solves the
offset issue and can be used to provide position independence,
it does not produce hightransfer efficiency, The reasonis that
ten or more coils have to be turned on near the receiver center

to create the uniformfield in that area, which in turn leads to

inefficient powertransfer.

Efficiency Enhancements through Independent Coil Move-
ment

[0198] In accordance with some embodiments, techniques
are included to provide hightransfer efficiency while main-
taining position independence.

[0199] FIG. 15 showsa figure of a charging pad with nul-
tiple coils in accordance with an embodiment. The area of the
pad 330 is divided into a plurality of, or multiple segments
332, that are bounded 336 by a wall or physical barrier, or
simply some tethering means with no physical walls but that
otherwise restrictmovement to within the segment. The coils
334 are mounted suchthat they can movelaterally, or float,
within the area of their segments while continuing to be
connected to the drive electronics placed on the edges of the
area. In accordance with an embodiment, the floating coils
and the drive circuit are sandwiched betweenthin upper and
lower coverlayers that act to allowthe coils lateral movement
while limiting vertical movement. When a receiver coil is
placed on the pad, the pad sensesthe position ofthe receiver
coil and moves the coils to the right position to optimize
powertransfer.
[0200] FIG. 16 shows a figure of a charging pad with mov-
able coils in accordance with an embodiment. When the

mobile device, for example a cell phone 340,or a battery is
placed on the pad 330, the nearest coil moves 342 withinits
segment to better orient itself with the mobile device or bat-
tery. In accordance with one embodiment, the method used
for achieving this is by attaching a magnet to the bottom
center ofeach coil inthe pad. A matching magnetat the center
of the receiver coil attracts the primary magnet nearby and
centers it automatically with respect to the receiver coil.
[0201] Inaccordance with an embodiment, each coil inthis
configuration can be suspended by the wirescarrying power
to the coil or by a separate wire/spring or by another mecha-
nism so that each coil can movefreely in the plane of the pad
while it can receive power froman individualor shared driv-
ing circuit. In order to facilitate movement, the surface of the
coils or the bottom surface of the top layer for the base unit
(the area where the coils move against) or both layers can be
made smooth by use ofa low friction material, attachment of
a low friction material, or lubrication. The wire/spring or
current carrying mechanismdescribed abovecanalso be used
to center each coil in an area at the center of desired move-

mentsector for eachcoil. In this way, without a receiver coil
in the vicinity, each coil in the base unit stays at the central
location ofits sector and responds and moves to match a
receiver coil when a device or battery is brought nearby.
Overlap of movement between adjacent charger or power
supply coils can be controlled by means of limiting move-
ment through limiting length of current carrying wires to the
coil, arrangementof the suspension, or spring, or placement
of dividing sectors, pillars or by any other mechanism.

FIG. 14 shows a pad-type charger 320 with two of
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[0202] In another embodiment, the pad will include a
method for detecting the presence ofthe mobile device, bat-
tery/receiver and taking appropriate action to turn on the coil
and/orto drive the coil with the appropriate pattern to gener-
ate the required voltage in the receiver. This can be achieved
through incorporation of RFID, proximity sensor, current
sensor, etc. A sequence ofevents to enable position indepen-
dence and automatic pad turn-on can be:

[0203] Multiple movable coils are used to cover the pad
surface area.

[0204] The coils in the pad are normallyoffand periodi-
cally powered up sequentially to sense whether the
receiver is nearby by measuring the current through the
primary coil. Alternatively, proximity sensors under
each section can sense the presence of a magnet or
changein capacitanceor other parameter to know where
a device is placed. RFID techniques with localized
antennas under each section or such can also be used.

[0205] Once a deviceis identified as placed in a section,
the pad can interrogate the device through one of the
processes described earlier to authenticate and to under-
standits voltage/power,etc. requirements.

[0206] The MCU1 unit uses the information received
above to set the PWM pattern whichit will use to drive
the FETdrive to produce the appropriate voltage in the
receiver.

[0207] ‘The board continues to ‘search’ for other devices
on the pad by scanning coils or using the RFID system,
etc. and then turn on other coils as appropriate.

[0208] The pad also uses monitoring to find out when
andifthe first mobile device is removed from the pad, or
when the end of chargeis reached.

Efficiency Enhancements in Coil Registration and Switching

[0209] In accordance with an embodiment, a global RFID
systemthat can identify the approach ofa mobile deviceto the
pad can be used to “wake up’ the board. This can be followed
by sequential polling of individual coils to recognize where
the device is placed in a manner similar to described above.
Other embodiments can be used to provide safeguards against
false charging of objects placed on the base unit. It is known
that a metal object placed on coils suchas the ones inthe base
ofthe charger or power supply systemwill cause current to
flow in the primary and transfer power dissipated as heat to
the metal object. In practical situations, this will cause place-
ment ofkeys and othermetal objects on the base unit to trigger
a start and to needlessly draw current from the base unit coil
and possibly lead to failure due to over-heating. To avoid this
situation, in embodiments such as described above, the
switching of voltage to the coil will not start unless an elec-
tronic device with a verifiable RFID tag is nearby thereby
triggering the sequence ofevents for recognizing the appro-
priate coil to turn onand operate. In an alternate geometry, the
total system current or individual coil current is monitored,
and, if a sudden unexpected drawncurrent is noticed, mea-
sures to investigate further or to shut down the appropriate
coil indefinitely or for a period of timeorto indicate an alarm
is taken.

[0210] In another embodiment, the regulators or battery
charging circuit in mobile devices or batteries, or the regula-
tor ina receiver electronics,typicallyhas a start voltage (such
as 5 V) that is required to start the charging process. Once the
battery charge circuit detects the presence ofthis voltage,it
switches on and then proceeds to draw currentat a preset rate
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from the input to feed the battery for charging. The battery
charger circuits operate such that an underor over voltage at
the start will prevent startup. Once the startup occurs, the
voltage at the battery charger outputis typically the voltage of
the battery and depends onthe state of charge, but is for
example 4.4 Vto 3.7 V, or lower for Lithium-Ionbatteries.
With a wireless charge system such as described here, the
voltage on the receiver is highly dependenton relative posi-
tionofthe primary and receiver coil as shownin FIG.5. Since
typically the start voltage ofthe battery charger is within a
narrow range of the specified voltage. under-voltage and
over-voltagein the receiver coil due to misalignmentor other
variation will result in shutdownofthe battery chargercircuit.
Efficiency Enhancements through Coil Voltage Clamping
[0211] FIG. 17 showsa figure ofa circuit diagram 350 in
accordance with an embodiment. In accordance with one

embodiment, a Zener diode 352 is incorporated to clamp the
maximum voltage at the output ofthe receiver prior to the
regulator or battery charger circuit, as shown in FIG. 17.
Using a Zener allows more insensitivity to placement
between the primary and receiver coil while maintaining the
ability to charge or powerthe device. For example, the drive
pattern onthe primary canbe set so that whenthe primary and
receiver coil are aligned, the voltage onthe receiver is above
the nominal voltage for the battery charger startup. For
example, fora 5 Vstartup, the voltageat center canbe set for
6 or 7 volts. In this way, the Zener can be chosento have an
appropriate value (5 V) and clampthe voltage at this value at
the input to the battery charger unit while the coils are cen-
tered or mis-aligned. Oncethe battery chargerstarts operation
after detection of the appropriate voltage at the input, the
battery charger circuitry will pull the voltage at this point to
the pre-programmed voltage or voltage of the battery. In this
way,the use ofZenerdiode enables less sensitivity to position
and other operational parameters in wireless chargers or
power supplies and is extremely useful.
Efficiency Enhancements through Coil Stacking
[0212] FIG. 18 showsanillustration ofa meansofstacking
coils, inaccordance with an embodiment. In accordance with

an embodiment, to achieve higher flux densities, a coil is
constructed with two or more layers, for example by using
two or more layers ofprinted circuit board. Multiple layer
boards can be used to allow compactfabrication ofhigh flux
density coils. By altering the dimensions ofthe coil in each
layer (including the thickness, width, and number of turns)
and by stacking multiple layers, the resistance, inductance,
flux density, and coupling efficiency for the coils can be
adjusted so as to be optimized for a particular application.
[0213] In accordance with an embodiment, a transformer
comprising two PCBcoils separated by a distance has many
parameters that are defined by the design ofthe coil, includ-
ing:
[0214] R11 is the primary winding resistance,
[0215] R'2 is the secondary (in the receiver) windingresis-
tance referred to the primary,
[0216] RLis the resistive load,

[0217] Lk1 is the primary leakage inductance,

[0218] L'Ik2 is the secondary leakage inductance referred
to the primary,

[0219] LM1is the primary mutual inductance,

[0220] C1 is the primary winding capacitance,
[0221] C'2 is the capacitance in the secondary winding
referred to the primary,
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[0222] C12isthe capacitance betweenprimary and second-
ary windings, and
[0223] nis the turnsratio,
[0224] In accordance with the embodiment shownin FIG.
18, a multi-layer PCB coil 356 is created in separate PCB
layers 357, whichare then connected 358, and manufactured
together via commontechniques used in PCB fabrication, for
example by use of a via or contacts. The resulting overall
stack is a thin multi-layer PCB that contains many turns ofthe
coil. In this way, wide coils (low resistance) can be used,
while the overall width of the coil is not increased. This

techniquecan be particularly useful for cases where small x-y
coil dimensions are desired, and can be used to create higher
flux densities and more efficient powertransfer.
Efficiency Enhancements through Coil Shape and Materials
[0225] In accordance with an embodiment, the system can
use a non-ferrite material for both the primary and the sec-
ondary (receiver) coils. For example, the coils can be made of
copper material that is sputtered, deposited, or formed ontoa
printed circuit board (PCB), as described above. As also
described above the coils can be formed in any number of
different shapes, including, for example, flat or planar hex-
agonal shapes, or spirals. The coils canalso be distributed in
layers of coils, spirals, and other various shapes.
[0226] Oneofthe advantagesofusing a non-ferrite or non
ferromagnetic material for the primary and secondary (re-
ceiver)is that the coils can be made muchflatter and thinner
thana ferrite coil. Additionally, non-ferrite coils can be made
to have a lower inductance than a comparable coil made from
a ferrite material (the inductance is on the order of | micro
Henry, although the actual value will vary depending on the
frequency of the voltage applied to the coil). The non-ferrite
nature effectively eliminates hysteresis in the coil, and allows
the system to be switched on and off more rapidly, and with
less energy storage artifacts.

Variations in Coil Circuitry

[0227] In accordance with some embodiments, an induc-
tance-capacitance (often referred to as an LC or “tank capaci-
tor”) circuit can be used to provide a range ofpower outputs
to approximately suit the intended application. For example,
the circuit can be optimized tosuit either low-powerapplica-
tions, or high-powerapplications.
[0228] Depending on the particular intended application,
the original capacitor (referred to herein as a “timing capaci-
tor”) in the circuit design can be removed and/or replaced
with a different value ofcapacitor to obtaina different overall
level of power output. From a manufacturing perspective this
is a relatively simple and inexpensive procedure. This tech-
nique can also beused to easily manufacture different charger
or pad embodiments for different end-user applications, in
that the majority of the pad components can be designed to be
common to each pad design, with the primary difference
being the value for a single capacitor. This single capacitor
can then be specified or changed during the manufacturing
process. Although the timing capacitor can be used to adjust
the system for, e.g. high-power or low-powerapplications,
the final power outputasit is received at the mobile device can
be fine-tuned using additional techniques and features such as
those described in further detail below.

Coil Waveform Generation

[0229] In accordance with an embodiment, a half-phase
electrical waveformis used to charge the tank circuit, and to
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subsequently provide inductive powerto the receivercoil in
the mobile device. Unlike a full-phase waveform, the half-
phase waveform can be used with a zero-crossing power
supply. In accordance with this embodiment, whenthe tran-
sistor in the primary coilis first turned on, electrical current
passes through the primary coil and the transistor to ground.
Whenthe transistor is turned off, the voltage level at the
transistor swings high (anywhere from twice, to many times
the value of the inputvoltage). This is the standard oscillation
behavior of an inductor. When the current falls to zero the

transistor is turned on again, and the processis repeated.
[0230] Many traditional transformer designs do not use
half-phase waveforms, and instead use a non-zero-crossing
design, since their ferrite core acts like a capacitor and stores
energy during the off phase, which results in large losses in
power efficiency if zero-crossing was used. However, in
accordance with an embodiment, the use ofnon-ferrite coils,
coupled with lower power(on the order of2 Watts) allows for
suitable efficiency with a half-phase and a zero-crossing cir-
cuit.

[0231] Furthermore, in accordance with some embodi-
ments the half-phase waveform can be designed to have an
exponential or curved shape, rather than an abrupt shape, so
that higher frequency emissions are reduced. These higher
frequency emissions might otherwise cause problems with
portable and other devices, or conflict with federal commu-
nications regulations that prohibit high frequency emissions
in consumerelectrical devices,

Automatic Voltage Setting

[0232] In accordance with some embodiments, the system
can include additional circuits, components, features, and
techniques, which performspecialized tasks, such as mobile
device identification, and automatic voltage or power-setting
for different devices. As described above, although the timing
capacitor canbe replaced to modify the circuit frequency and
the resulting output voltage of the system, this is not a prac-
tical solution for allowing a consumerto modify the voltage,
or to modify the voltage to suit the particular requirements of
individual mobile devices. In practice the timing capacitor
canbe used to provide a particular range ofoutput power(i.e.
high power applications: or low power applications). Addi-
tional techniques are then used to adjust the power for a
particular device. This is particularly important when the
charger or the pad is designed to power or charge multiple
different devices simultaneously, since each of those different
devices may have different power and voltage requirements.
In accordance with various embodiments, different features
can be used to support this, including:
[0233] Hardwiring the receiver coil to take the voltage
requirements ofits device into account, and to use the appro-
priate dimensions to receive the correct voltage for that
device. However, while this approach works to adjust the
voltage for that device,it is by its nature hard-wired and does
not provide muchflexibility to adjust the voltage for interop-
erability between different devices and different chargers or
power supplies.
[0234] Use of dynamic programming to obtain a different
voltage. In accordance with this embodiment, if the timing
capacitance is known, then the frequency ofthe circuit can be
adjusted to produce the required output voltage.
[0235] Ina zero-switching circuit, clipping can be used to
tunethe voltage. This can include turning the circuit on, then
allowingit to turn offbut clipping the waveformearlier, and
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then turning it on again. The process is then repeated. The
clipping maybeless efficient than unclipped switching, but
can be usedto tune the voltage.
[0236] When used with the above capacitor-based tech-
niques, the choice of timing capacitor can be used to deter-
mine the overall range ofthe charger, power supply, or pad
(for example, whether it is best suited for low power, or for
high powerapplications). The additional features can then be
used to fine-tune the frequency and the output voltage. In
accordance with some embodiments, additional features can
be used to improveefficiency and to add functionality.
[0237] As described above, in accordance with one
embodiment, the pad circuit 260 incorporates a micro control
unit (MCU) 266 that can enable ordisable the FET driver 268.
The MCUreceives input from another sensor mechanism that
will provide informationthat it can then use to decide whether
a device is nearby, what voltage the device requires, and/or to
authenticate the device to be charged. The communicated
feedback from the receiver to primary can be used by the
primary to, for example, adjust the frequency, or to otherwise
alter the output voltage tothat receiver, using the frequency/
output characteristics described above. Some traditional
transformer designs use a third coil to provide a measure of
feedback. However the use of an MCU as described herein
eliminates the need for such extra coil feedback devices.

[0238] Also as described above, in accordance with one
embodiment, a Zener diode 352 is incorporated to clamp the
maximumvoltage at the output ofthe receiver prior to the
regulator or battery charger circuit. In each of the feedback
designs described above, the actual communication between
the receiver and the primary as to voltage requirements can be
ofopenloopdesign,orofclosed loop design. In an open loop
design, the charging device, pad or power source provides the
powerto the primary, whichis then inductively transferred to
the receiver and the mobile device or battery other device to
be charged. The primary itself determines how much power
should be received at the receiver. In a closed loop design,
suchas ina switching mode powersupply, the device/receiver
communicates information back to the primary, and then the
primary determines how much powershould be sent to the
receiver.

Device Identification and Verification

[0239] FIG. 19 showsa figure of a circuit diagram 400 for
identification verification in accordance with an embodiment.

In accordance with an embodiment, the circuit design can be
used to ensure a deviceis valid, i.e. authorized to be used with
the charger, powersupply or pad. The information canalso be
used as part of an open-loop or closed-loop designto set the
voltage for the device. In operation, the primary circuitis first
turned on. Aninitial signal is generated as the circuit induces
powerinthe receiver. This information is quickly compared
with a numberor value stored in the MCU,andis used to

determine whether the mobile device (or the receiver associ-
ated with that mobile device or battery) 1s valid for operation
with the base unit, charger, power supply, or charging pad. In
additionto validation the information cansimilarly be used to
set the charging voltage for the receiver, battery, or mobile
device.

[0240] FIG. 20 showsa figure of a circuit diagram 420 for
bidirectional communication in accordance with an embodi-

ment. As shown in FIG, 20, in accordance with an embodi-
ment the charger or power supply or primary can include
means for communication with the receiver, battery, or
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mobile device, including for example radio frequency (RF) or
other means of communication.

[0241] FIG. 21 showsa figure ofa circuit diagram 440 for
output controller in accordance with an embodiment. As
shown in FIG. 21, in accordance with an embodiment the

output controllerin the receiver waits until poweris sufficient,
and then turns the power onto the mobile device or battery.
[0242] FIG. 22 showsafigure of a circuit diagram 480 for
receiver with regulator or charge management circuit in
accordance with an embodiment. As shown in FIG. 22, in

accordance with an embodimentthe receiverincludes a regu-
lator for regulating the voltage.
[0243] FIG. 23 shows a figureofa circuit diagram 500 for
MCU regulation in accordance with an embodiment. As
shown in FIG. 23, in accordance with an embodiment the

MCUcanprovide the voltage regulation.
[0244] FIG. 24 showsa figure of a circuit diagram 540 for
unidirectional communication and data transfer in accor-
dance with an embodiment. As shown in FIG. 24, in accor-
dance with an embodimentthe receiver can include a means

oftransferring data to the mobile device to which it is
coupled.
[0245] FIG. 25 showsa figure ofa circuit diagram 560 for
time-based regulation in accordance with an embodiment.

Zero Voltage Setting

[0246] In accordance with some embodiments, the system
can use a technique such as Zero Voltage Switching (ZVS) to
provide more efficient powertransfer and power supply con-
trol. These techniques canalso be used to provide more effi-
cient regulation for power transfer between coils of small
induction value, such as those created by spiral patterns in
PCBs, stamped metal coils, and low number of turns wound
wire coils. In switching mode powersupplies used today, the
commongeometries used are boost buck, flyback, boost, or a
variationof these types. In most of these geometries, the input
voltage is switched rapidly by a transistor such as a FET and
the energy is transferred across a transformerto a load. In
accordance with an embodiment, by adjusting the duty cycle
ofthe switching circuit, regulation of transferred poweris
achieved.

[0247] FIG. 26 showsa highlevel view ofa flyback power
supply geometry 580 in accordance with an embodiment.
During the time that the FETis closed, the current through the
primary coil stores energy in this coil and during the period
that the FET is open, this energy is transferred to the second-
ary (receiver) coil and into the load. The energy stored in the
coil is directly proportional to the inductanceofthe coil and
values of several hundred Henry are typical for 10’s or 100’s
of Watts of power supply power.
[0248] In contrast. Printed Circuit Board Coils (PCBC’s)
are typically spiral circular, rectangular, or other shape coils
that are printed on rigid or flexible PCB material or stamped
out of sheets ofcopper or by other methods where the coil or
transformer in a powersupply is primarily flat and takes very
little space. Two ofthese coils placed with a distance between
them(such as on both sides of a PCB material) or with an air
or material gap (such as in wireless powerapplications where
a charger transmits power to a receiver in an electronic or
electric device that can be separated or removed from the
charger) can be used to form a transformer such as the one
shownin FIG. 26, Switching ofthese coils at high frequency
(~1 MHz depending onthe coil geometry and size) can trans-
fer poweracrossan air or material gap and an efficient power
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supply with a very small transformer can be developed. Uses
of such compact coils for wireless powering of mobile
devices such as mobile phones and MP3 players have been
demonstrated. However, many prior techniques used a labo-
ratory power supply to provide a sinusoidal or similar voltage
to the primary coil and study the transferred power, rather
than a compactefficient circuit for a power supply.
[0249] Inaccordance witha ZVS geometry embodiment,a
capacitor is added to the circuit so that in the switch OFF
position, the capacitor and the coil inductor create a resonant
circuit. During the switch ON time, current passes through
the inductor while the voltage across the capacitor is zero.
During the period wherethe switchis turned off, the voltage
across the capacitor rises to a maximum value of twice the
input voltage and then resonates back to zero. A characteristic
of this geometryis that the switch is closed exactly whenthis
voltage arrives back to zero (hence the name Zero Voltage
Switching), thereby minimizing power usage and achieving
high efficiencies. Some of the benefits of this geometry
include: Highefficiency and ‘Loss-less’ transitions; Reduced
EMI/EMCdueto soft switching and use of sinusoids rather
than square waves; Peak current is not higher than square
wave switching: and Relatively simple control and regula-
tion. In addition, this geometry can work very efficiently with
lowinductance values and is therefore better suited for the

PCBCapplications. In accordance with various embodiments
the geometry can be configured to operate in various topolo-
gies, for example buck, boost, buck-boost, and flyback.
[0250] Some embodiments provide more efficient power
transfer and power supply control and regulation for power
transfer between coils of small induction value such as cre-

ated by spiral patterns in PCBs, stamped metal coils, low
numberof turns woundwire coils, etc. In addition, typically,
magnetic cores are not used if the coils are driven at high
frequency. For a spiral coil, the inductance ofa coil is given
by:

PNi= —__—__.
(2r + 2.8d) x 10°

Where

[0251] L=inductance (H)
[0252] r=meanradius of coil (m)
[0253] N=numberofturns
[0254] d=depth of coil (outer radius minus inner radius)
(m)
[0255] For example, fora coil of 10 turns, an outer radius of
15 mm, and inner radius of zero, then L=1H. While larger
values can be obtained by increasing the numberofturns or
stacking a numberofcoils vertically and connecting them in
series, this larger induction comesat the price of increased
resistance and therefore loss in the inductor.

[0256] Spiral coils printed on PCBs without use of any
magnetic core can provide high power transmission effi-
ciency ifoperated at high frequency. An analogous method to
the abovetechniqueis one referred to as Zero Current Switch-
ing (ZCS). ZCS operates by similar principles; however
switching is done during zero current passing through the
switch thereby achieving low switching losses. In the follow-
ing discussion, 7VS switching is generally discussed; how-
ever, the ZCS geometry can equally be applied to the follow-
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ing. In accordance with some embodiments, methods are
described for achieving and optimizing high powertransfer
with such small and/or thin coils with low induction values

and describe several techniques for control and regulation of
this powerin real world powerapplications. While this tech-
nology is generally described for any type of power supply
using suchinductors, in accordance witha particular embodi-
ment the two coils in the transformerare separated, with the
primary being in an inductive chargerand the receiver embed-
ded in a device, battery, casing, skin, or other part of an
electronic or electric device.In this case, a wireless charger or
power supply can be created whichis especially useful for
charging or powering mobile electronic orelectric devices or
batteries.

[0257] The advantages of use ofZVS geometry in general,
and in particular for coils with small inductance and no mag-
netic cores, has been described above. However, another

important aspect of power supply design is the Control and
Regulation Circuitry that is implemented. Regulation of the
power to a load can be achieved by a linear or switching
regulator at the output stage. However, if the regulation of the
poweris achieved in this way and constant poweris supplied
from the primary coil, under light load conditions (such as
whena battery is fully charged ora device is on stand-by, then
the power generated and transmitted by the primary is mostly
wasted leading to a low efficiency power supply. A better
solution is achieved by adjusting the powerinto the primary
coil under different load conditions, to maintain high effi-
ciency during different load conditions or battery charging
stages.

[0258] In accordance with an embodiment, such control of
output power in a ZVS power supply can be achieved by
changing the frequency ofthe operation. In this embodiment,
the output powerts inversely proportional to the operating
frequency and control can be achieved by an appropriate
control circuit.

[0259] FIG. 27 shows how the outputvoltageto the load is
monitored and with changesin the load condition, a chip ora
Micro Controller Unit (MCU) varies the frequency or the
duty cycle of the FETdriver to achieve optimum operation
and controlled output voltage with a changing load. As shown
in FIG. 27, a digital control 600 for operation is shown.
However, analog operation can also be achieved and may be
simpler and faster in response time to load changes and pref-
erable in someapplications. In the implementation shown, the
primary (Control Circuit, Clock, FET Driver, FET, primary
coil, etc.) and the receiver (secondary coil, rectifier, capacitor,
othercircuitry, etc.) are able to communicate through a wired
connection.

Switching Mode Power Supply with Wireless Communica-
tion

[0260] In accordance with an embodimentthat includes a
charger or power supply whereinthe charger or powersupply
and the receiver are separable from each other (wireless or
inductive charging or supply ofpowerto devices), the charger
or power supply can contain the basic control and switching
functions while the receiver contains the rectifier diode and

capacitor for smoothing ofthe output voltage and additional
circuitry. In this embodiment the two parts need to commu-
nicate with each other wirelessly.
[0261] FIG. 28 shows an implementation ofa more sophis-
ticated charger or power supply. According to this embodi-
ment, where the primary stage and the secondary (receiver)
stage communicate wirelessly. In the geometry shown in FIG.
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28, a digital control scheme is implemented. The primary
(charger or power supply) 620 is controlled by a Micro Con-
trol Unit (MCU1) that receives signals from a Current Sensor
in series with the coil. The communication between the

charger andthe receiver 630 is achieved through the samecoil
as the powertransfer. However, these functions can be sepa-
rated.

[0262] In the geometry shown, the secondary (receiver)
containscircuitry that enables this part to modulate the load as
seen by the primary. In accordance with an embodimentthis
is achieved through modulation of switch Q2 by an MCU2in
the receiver. This can bea very small Programmable IC (PIC)
and caneasily fit into very small formfactors. As the primary
charger or power supply sends power to the secondary
receiver, the circuit in the receiver turns on. The power
received is rectified and filtered by rectifier D1 and Capacitor
C2 respectively. Since MCU2requires constant voltage input
atall times, a small, low current regulator (Voltage Regulator)
for powering MCU2only is incorporated. This can be a linear
or switching regulator. Since the power usage of MCU2is
very small and the unit can also be put into hibernation
betweentasks, use ofthis regulator does notaffect the overall
efficiency much. The output of the rectified stage is input to a
device or Charge Management IC for the case of a battery
charger configuration. This Charge ManagementICis inte-
grated into most Original Equipment Manufacturer (OEM)
mobile devices that operate by rechargeable batteries or can
be integrated into or on a rechargeable battery to directly
charge the battery when the battery is in proximity to the
charger. The Charge Management IC typically, for a fully
drained battery, will pass on the maximuminput current to the
battery to enable rapid charging when the battery is at low
voltage. This presents a low impedance load to the power
supplycircuit and requires the power supply to sustain the
voltage at the required value while supplying the current. The
Charge ManagementICis in communication with the MCU2
which also monitors the output voltage (Vout) and tries to
maintain this Vout within a pre-programmed range. This is
achieved by MCU2sendinga digital signal to Q2 to modulate
the switch. This modulationisprior to therectifier stage and
is at high frequency sotherectified and smoothed Voutis not
affected. However, this modulation of the impedance of the
secondary stage affects the current through the primary coil
stage and canbe easily detected by the Current Sensecircuit
in the primary.
[0263] In accordance with an embodiment the Current
Sense circuit can comprise a small resistor in parallel to a
voltage amplifier, a Hall sensor, etc. The output of the Current
Sensor is connected to MCU1 and the digital sequence is
detected by an A/D converter. The firmware in MCU1 deter-
mines whether the output voltage is too high or too low and
then executes the appropriate step to adjust accordingly by
sending a signal to a clock to adjustthe frequency of the FET
drive to bring the output ofthe power supply to within accept-
able range. Higher drive frequency correspondsto lowerout-
put power by shortening the time for integration of power in
the resonant ZVS cycle and lower frequency correspondsto
higher output power.
[0264] In accordance with an embodiment, one method for
implementing the variable frequency is to use a variable fre-
quency source whose output frequency changes with change
in the voltage to its input. Using a programmable resistor and
changingthis resistor value by varying a voltage signal from
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MCUI, the frequency for driving FET 1 can be changed.
Other methods for achieving this change are also possible.
[0265] Asanexample ofthe method for control, ina typical
application, the operating frequency of the circuit can be 1-2
MHz andthe data transmissionfor controlis at 14.4 kbits/sec.

If the full output power range is achieved by moving the
frequency in the 1.2-1.4 MHz,this range is broken into 256
steps. In one implementation, the receiversends a digital code
correspondingto the output voltage and MCU1 comparesthis
to the earlier output voltage value and makes a determination
about which direction and by how many steps to move the
frequency. The frequency is then changed accordingly. In
another implementation, MCU2 sends one of2 values corre-
sponding to a voltage high or low condition. Ifthe voltageis
within range, MCU2 does not communicate withthe primary.
When a voltage high signal is received, MCU1, takes a pre-
determined step towards higher frequency to lower the output
power and the process is repeated until output voltage is
within required range. A voltage low signal has the opposite
effect. Manyvariations of these basic methodsare possible to
allow rapid, efficient locking of the output voltage. Propor-
tional-Integral-Derivative (PID) techniques,etc. can also be
used. Depending on the geometry, the circuit may also use a
switch Q3in series with the load. This optional switch may be
opened during communication to create a better signal to
noise ratio. Since communication occurs in several msec,
opening and closing Q3 rapidly does not have a large impact
oncharging time ofa load battery that can be in many hours.
[0266] In accordance with an embodiment, as the battery
charges and its terminal voltage rises, the Charge Manage-
ment IC throttles the incoming current back, and switches to
a modewhere the voltage across the battery terminal is main-
tained ator near its final value. The supply will sense a higher
output impedance and MCU2 and MCU1 workin concert to
keep the output within range throughout the charging cycle.
At the end of the charge cycle, the Charge Management IC
can signal end of charge cycle to MCU2 which sendsa pre-
determined code to MCU1to shut downthe charger, move to
hibernation mode or take some other pre-determinedstep.
[0267] It is importantto note that, in the embodiment, the
voltage regulatorin the receiver does not regulate the output
voltage to the loaditself. If the regulator was performing this
function, then the control and regulation described here
would not be necessary. However, the overall system effi-
ciency is much lower and, with a constant power going into
the receiver, some fraction of this power is wasted as the
battery reached a full charge or as the load becamelighter and
less power was required. This wasted energy can heat up the
receiver, the load, or the device battery depending on the
geometry. All of these cases are undesirable. In the geometry
described here, the primary can in these cases adjust to send
less power to the receiver, thereby maintaining high effi-
ciency regardless of load condition.

Verification and Data Transmission

[0268] In accordance with an embodiment, the digital
transmissionprocess describedhereis bi-directional, and can
be used forverification process at start of charge or power
transfer to ensure that the right kind ofdeviceis present and
aboutto be charged,or to inform the charger or power supply
about the voltage/power requirementsofthe device or battery
to be charged or powered. In accordance with an embodi-
ment, this bi-directional data transfer can also be used for
actual data communication betweena device and a charger or
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powersupply. For example, the charger or power supply can
be powered by the USBoutlet of a laptop and simultaneously
receive data from the laptop to be transferred to a mobile
device. When a mobile device or battery is on the charger or
power supply, it can be charged or powered, and its data can
also be synchronized simultaneously throughthis channel.

Extension to Other Geometries

[0269] While the above discussion has focused on one
implementationofthe control with a Zero Voltage Switching
powersupply,the basic concepts for the control, verification,
and data transmissionare applicable to other geometries and
topologies, and can be implemented in a similar manner. In
accordance with some embodiments, the Charge Manage-
ment Circuit is optional and is only used whena battery is
presentat the load. For example, as shownin FIG. 28, IfVout
is used to directly operate a load, the Charge Management
Circuit is not used and Vout is directly connected to the load.
Fully Regulated Switching Mode Supply with Wireless Com-
munication

[0270] FIG. 28, described above, shows the basic building
blocks for a digitally controlled wireless controlcircuit for a
Zero Voltage Switching (ZVS) circuit were described. The
geometry shown in FIG. 28 can regulate the output power
through a wide range. However, as a battery charges or the
load condition changesto require very low output powers, the
accuracy required for control of the Vout may require many
finer steps or not be possible with the geometry of FIG. 28
alone.

[0271] FIG. 29 shows an embodiment that includes an
enhancementthat can be used to address the ZVSissue.

[0272] In the fully regulated power supply shownin FIG.
29, a voltage regulator (Voltage Regulator 1) that can switch
the input voltage between2 values or more is used. In normal
operation, Q2 is closed and the Voltage Regulator 1 is shut
down though its enable pin, Therefore, the input voltageis
directly available for the Coil L1 andis regulated as described
earlier. However,ifthe outputrequires extremely low powers
(such as end of charge stage for batteries), and the charger
determines that a switchto a different rangeis required, Q2 is
opened, and Voltage Regulator 1 is switched onto change the
input to Coil 1 to a lower voltage value. Regulation is main-
tained at this range byshifting to the appropriate frequencyto
achieve required output power. For example,ifVinis 5 V, this
lower voltage level may be 3 V. Multiple voltage levels are
also possible.
[0273] Since for most cases, and in high power conditions,
Q2is open and Voltage Regulator1 is turned off, high overall
system efficiency can be achieved. Only during the lowest
current conditions, the input voltage is changed by switching
this Voltage Regulator 1 on and regulating at this level.
Depending on the type ofregulator used, someefficiency loss
can be expected in this regime. However, this occurs at very
low output powerlevels only. Voltage Regulator 1 can be a
high efficiency Switching DC-DCsupply or a lower fre-
quency, less complicated and less costly linear regulator
depending onefficiency/cost trade-offs.
Regulated Switching Mode Power Supply with Opto-Cou-
pler Feedback
[0274] The geometries described above use a digital
method for transmission of information between a primary
and receiver circuit. However, in some cases,the load changes
instantaneously. Examples are when ina laptop computer, the
screen or the hard drive start or shut down, etc. To handle
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these cases, the feedback loop has to be extremely fast to
avoid having severe and rapid voltage overshoots and under-
shoots. This becomes especially important for high power
applications.
[0275] FIG.30 shows an embodiment in whichinstead ofa
digital feedback circuit, an analog circuit based on coupling
between an LED andalight detector can be used.
[0276] Inthis case, the output voltage, Vout is continuously
compared to a reference voltage and the intensity of light
from a diode changes rapidly in proportion to the voltage
value. A detectorin the chargerstage provides a voltage value
to a frequency controller that controls the FET drive. An
MCUin the charger, MCU 1 also monitors the process and can
switch on an optional lower voltage inputto the primary coil
(through Q2 and Voltage Regulator) if necessary. It can also
sense the end ofcharge or perform verificationor other tasks.
[0277] In some embodiments a high power completely
wireless inductive charger for a laptop requiring up to 90 W
continuously can be implemented with this scheme.In accor-
dance with an embodiment the transformer coils are PCB

spiral coils that have 4" or more diameters and comprise 7
turns with a total inductance of 1 micro Henry. The rapid
response time of the analog circuit allows maintaining ofthe
output voltage with rapid swings in the load. The charger or
power supply comprises a pad where the charger or power
supply circuitry and aflat spiral PCB coil are integrated into
and the receiver comprises circuitry and a similar coil inte-
grated into the bottomofa laptop. The optical components are
mounted suchthat the light from the transmitter is detected by
the receiver in the charger or powersupply.
[0278] Digital communication throughthe optical parts is
also possible to achieve this result, but requires a higher
bandwidth and high speed processing.
[0279] It will be evident that these features, or any other
geometry described here, can be combined to achieve the
desired results. For example, while the control process for
regulation may be through the opto-coupler feedback
described here, a separate digital data link through the coil
can be established for data transmission orverification of the

charger, power supply, or vice versa.
Regulated Switching Mode Power Supply with Isolated
Transformer Feedback

[0280] In accordance with an embodiment, another geom-
etry for the regulation uses a similar analog feedback tech-
nique with the feedback information being transferred
througha separate isolated transformer.
[0281] FIG. 31 shows an embodimentin whichthe opto-
coupler is replaced by a Voltage Controlled Oscillator (VCO)
and FETand in the primary, the signal is sent to adjust a
frequency controller to provide optimum output voltage. An
optional voltage regulator and switch Q2 canalso be used to
provide precise control at low output powers. Similarly, this
communication can be implemented digitally, and also
requires a high bandwidthto allow for rapid response. Since
the circuit in FIG. 31 is completely wireless and does not
require optical components, it may be preferable in cases
where an optically transmissive window in the charger or
powersupply or the receiver may not bepossible.
Regulated Switching Mode PowerSupply with RF Feedback
Regulation
[0282] In accordance with another embodiment,the infor-
mation between the charger and the receiver can be
exchanged through a wireless link in the two parts. The
advantage with this embodiment comparedto the optical case
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is that the two parts do not need to be optically transmissive.
In addition, comparedto the earlier-described versions (opti-
cal and through a transformer), the relative alignmentis not as
important. However, in most practical application, the
charger or powersupply andthe receivercoil will be aligned
for powertransfer, so an alignment ofsome degree will occur
and with the right geometry, can enable transformeror optical
feedback alignment and regulation to be implemented.

[0283] FIG. 32 shows an embodimentin whichthe wireless
link can be analog or digital (requires higher bandwidth and
complexity) orcan be integrated into the device to take advan-
tage ofexisting wireless links in the device (Bluetooth, WiFi,
Wireless USB, WiMax, etc.).

[0284] FIG. 33 shows a basic schematic for an inductive
single coil charging system in accordance with an embodi-
ment. As showntherein, the coil inductor in the chargerpad is
switched by Switch T which is typically a FET transistor. A
capacitor in parallel with the FET may be used to improve
performance. The receiverin the right hand side comprises a
similar coil, rectifying diode, and a capacitor to provide DC
output to a load RL.

[0285] FIG. 34 shows the main components of a more
advanced wireless power/charging system. Charge Manage-
ment IC in the receiver also controls the charging of the
battery to ensure appropriate charging. The MCU1and cur-
rent sense chips in the charger and MCU2 can provide bi-
directional communication between the charger or power
supply and the receiver for optimum charging or supply of
power. The optional voltage regulatorin the receiver is used to
provide a constant low current voltage to MCU2andis not
regulating the power into the battery. The Receiveris inte-
grated into or ona mobile or electronic device or a recharge-
able battery. Points A, B and C are described later and can be
used for placement of switching circuits. Q3 is a switch that
can disconnectthe battery during communication for higher
signal to noiseratio and is optional.

[0286] Anembodiment ofthe system incorporates a Micro-
Control Unit (MCU1) that can enable or disable the FET
driver. This system also uses a Charge ManagementICin the
receiver which controls the charging of the battery to ensure
appropriate charging profile is followed andthe battery is not
overcharged. Most mobile devices today already include a
Charge Management IC in their powercircuit between the
input powerjack and the rechargeable battery ofthe device to
control charging of their internal battery. This chip can be
incorporated into the receiver circuitry to enable a battery to
directly receive power froman inductive source as shown in
FIG, 34,

[0287] FIG. 34 also shows a Zener diode (21) incorporated
at the receiver. This Zener is used to ensure that the output
voltage from the rectifier does not exceed a pre-determined
value. In some instances this may be important, since the
output ofthe receiveris fed into a Charge Management IC that
may havea finite turn-on time. At the beginning of charging
(when a device is placed on a padfirst), the Charge Manage-
ment IC may seemlike a high impedance load. Without the
Zenerdiode, sucha load may causethe voltage the input to the
Charge Management Circuit to increase to high values,
potentially exceeding its safe operating conditions. A fast
Zener diode can clampthe voltage underthis or other unusual
conditions and may be incorporated into the receiver.
Depending on the architecture, other methods for avoiding
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such conditions may be incorporated. Incorporating a Zener
Diode is an effective, and inexpensive method for dealing
with these potential issues.
[0288] In accordance with an embodiment, the receiver
may also incorporate a voltage regulator just to provide a
constant voltage (or voltage in the acceptable range for opera-
tion) to MCU2. This voltage regulator just provides the low
power necessary for this and is not in the path of the main
power going into the battery. Any power loss due to this
regulator is small, because it is very low power and does not
affect the overall system efficiency much.It is mainly used to
keep the MCUactive during startup or other changes so the
communication with charger or power supply is maintained.
[0289] The MCUI1receives input from another sensor
mechanismthat provides informationthatit can use to decide
whether a device or battery is nearby, what voltage the device
or battery requires, and/or to authenticate the device or bat-
tery to be charged or powered. Several examples of the
mechanismsfor providing this informationare:
[0290] The MCU1periodically starts the FETdriver. The
current through the FET is monitored througha current sens-
ing method. The inductance ofL1 is highly dependent on the
presence ofobjects nearbythataffectits magnetic field. These
objects include metallic objects or anothernearby coil such as
L2. Switching L1 at high frequency (100 kHz to several MHz)
througha Field Effect Transistor (FET) such as Q1, the value
of current being drawnis highly dependent onthe L.1 Value.
This property can be used to sense the presence of nearby
devices or batteries capable of drawing power and also to
enable bi-directional communication if desired. Several

methods for this are possible:
[0291] A-small resistor canbe placed in series with the FET
to ground contact. The voltage across this resistor can be
measured by acurrent sensor chip such as Linear Technology
Current Sense Amplifier part number LT1787.
[0292] A Hall sensor such as Sentron CSA-1A that mea-
sures the current froma wire running underit can be placed on
top of the PCBline fromthe FETto the ground to measure the
current without any electrical connectionto the circuit. The
advantage of this approachis that noextra resistor in series
with this portion of the circuit is necessary reducing the
impedance.
[0293] Other techniques can be used to measure the current.
[0294] By monitoring the current and comparing it to a
baseline measurement taken at power up, and periodically
with no devices nearby, MCU1 can determine whether a
device or battery is near the coil and drawing power. This
provides a first level verification of an object capable of
drawing power being nearby. However, there may be a pos-
sibility of false starts with metallic objects or wires in any
electronic device or battery drawing power. A secondlevel of
verification may be desirable.
[0295] To enable a more secure verification, in accordance
withan embodiment the MCU1canperiodically start the FET
driver. If current is being drawn, MCU1 may activate the Q1
in a predetermined state (for example, this may be a low
powerstate). This can provideafirst level indication that a
receiver may be nearby. If there is a genuine receiver nearby
(versus, say, a metallic object, electronic device, or a non-
approved receiver), the emitted power from L1 will power the
receiver circuit. The charge control circuit in the figure or
another chip in the Receiver circuit can be pre-programmed
so that on power-up, it draws current in a pre-programmed
manner. An example ofthis is the integration of the MCU2
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and chip model number 10F220 Programmable IC by Micro-
chip Inc. or another inexpensive microcontroller that upon
power-up, executes a predetermined program that modulates
the current being drawn in the receiver in a predetermined
code (which can be encrypted). This receiver modulation can
be detected as a current modulationinthe currentthrough the
L1 by the charger or power supply current sensorin FIG. 34.
[0296] After the initial handshake and verification, the
MCU1and current sense chips inthe charger or power supply
and MCU2 can provide bi-directional communication
between the charger or power supply and the receiver for
optimumcharging or supply of power. The system canalso
regulate the powerand voltage received at the Charge Control
Circuit to insure overvoltage conditions do not occur. As
shownin FIG, 34, switch Q3is a switchthat can disconnect
the battery during communicationfor higher signal to noise
ratio and is optional.
[0297] If the handshake and verification between the
chargeror powersupply andthe receiveris not successful, the
MCU1 will assumethat the device drawing poweris not an
appropriatereceiver and will terminate poweringit. This pro-
cess invalidates false starts due to objects being accidentally
placed onthe pad, and also provides protection against coun-
terfeit or non approved receivers.An RFID, Near-Field Com-
munication (NFC) or other wireless data transmission
method reader that can detect an RFID, NFC, or other tag
included with the receiver circuit and antenna(i.e. device or
battery to be charged). The information on the tag can be
detectedto identify the voltage for the receiver required, and
to authenticate the circuit to be genuine or underlicense.
[0298] The information on the tag can be encrypted to
provide further security. Once a device containing the tag is
near the charger or power supply pad, the tag readeris acti-
vated, the system reads the information on the tag memory,
and comparesit with a table to determine authenticity/voltage
required or other info. In some embodiments, this informa-
tion table can also reside on the MCU1 memory. Once the
information is read and verified, the MCU1 can enable the

FETdriverto start driving the coil on the pad and to energize
the receiver.

A Hall sensor or a Reed switch can sense a magnetic field. If
asmall magnetis placed insidethe receiver unit ofthe system,
a Hall sensor or Reed switch can be used to sense presence of
the magnet and canbe usedasa signalto start the FET. Other
capacitance, optical, magnetic, or weight, etc. sensors can be
incorporated to sense the presence of a receiver and to begin
the energy transfer process.
[0299] The methods for verification and communication
between the charger or power supply and the receiver are
provided above by way of example, and in accordance with
various embodiments.In practice a combinationora variation
on the above methods maybe used.It will also be evidentthat
different embodiments can use different verification tech-

niques, in additionto or instead ofthose described above, and
various combinations of such.

Efficiency Enhancements through Lateral Offset between
Coils

[0300] FIG. 35 shows a typical experimental curve for
powertransferred and Power Transfer Efficiency through a
pair of circular spiral coils as a function of lateral offset
between the center of the coils. The power transferred is
shownat the receiverafter rectification and other electronics,
and is the DC power available for charging/powering a
device. Power Transfer Efficiency 1s defined as the DC Power
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out fromthe receiver divided by DC powerinto the charger or
powersupply circuit; so it includes any power consumed by
the FETdriver, the FET, rectifier diode, and other electronics.

This efficiency includes all losses (electronics, coil to coil
losses, rectifier, etc.) and is a more practical number for
efficiency thanthe ratio ofAC powerout ofa receiver coil to
AC power into a charger or power supply coil commonly
used. It can be seen that very efficient power transfer effi-
ciencycan be obtained withinductive methods. In accordance
with the example shown, the coils can be identical and 1.25"
in diameter and comprise 10 turns.
[0301] As canbe seenfromFIG.35,forthe coil geometries
used here, at an offset between the center ofcoils ofhalfthe

radius, the powertransferred can be 75% ofthe maximum
value. Improvements in flatness ofthe curve may be possible
with changing the design of the coil to overlap more of the
field on the outer areas ofthe coil or by using hybrid coils.
[0302] However,it is importantto note that while the trans-
ferred power decreases with offset between the coil centers
due to reduced overlap of the coil areas, the power transfer
efficiency (ratio of DC powerout from receiver to DC power
into charger or power supply) remains relatively constantin
the range of offset <3r/4. This is a more critical factor in
design ofanefficient system. Ifone assumesthat asystem can
be designed suchthat the coil offset is never larger thanr/2,
then ina wireless charging or powertransfer system, then, one
can design the system such that the powertransferred at this
maximumpossible offset is equal or greater than the maxi-
mumtransferred power necessary.
[0303] For example, if FIG. 35 represents the maximum
powertransfer possible given the particular coil type, size,
and geometry and the switching circuit (FET) and circuit
design, then 3 W or more power can betransferred depending
onthe offset betweenthe coils assuming that the coil offset is
always smaller or equal to r/2, Fora power supply application
where regulated, constant power to a device is necessary,
using regulation of the output power or a feedback to the
charger or power supply to change the frequency or duty
cycle, etc. to keep the power constant can insure that the
received power to a device is independent of the offset
betweenthe coils. For examplein this case, using regulation,
one can ensure that up to a maximumpower of 3 W can be
provided to a load independentofcoil offset (up to the maxi-
mumallowable offset—assumedto be r/2 here). In this case,
the 3 W is sufficient for most mobile devices (mobile phones,
cameras, Bluetooth headsets, etc.). Again, it is noted that the
overall efficiency of the system remains highinall cases,
since the offset (within the range of possible offset values)
and regulation of the power(if it is performed at the charger
or power supply by changing duty cycle, etc.) do not have a
large impact on efficiency.

Position Independence Using Layers

[0304] From the discussion above, one can achieve the
goals of high efficiency and position independence if a
method is found wherein the offset between the charger or
powersupply and receiver coils is always kept equal or less
than r/2. In the case of hexagonal spirals with side=r, the
maximal diameteris 2r (similar to a circle with radius r). So
for a given hexagon with side=r, the samerelation holds. As
described herein, several methods ofachieving this are pro-
posed.
[0305] FIG. 36 shows an embodiment in which a coil
mosaic is used to cover the surface area of the pad. The
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circuitry can include means of sensing the presence ofa
receiver coil to start the appropriate driver to provide power.
The drive and sense circuits and other electronics are shown

here as componentsin the perimeter of the coil area but can be
located anywhere. The approximate Effective Area is also
shown. If the center ofa receiver coil is placed anywhere
withinthe effective area, the receiver will receive the speci-
fied power with only one appropriate coil in the charger or
powersupply activated.
[0306] In the geometry described here, each coil is driven
by its own drive circuit. A sensing mechanism senses the
presence of a receiver coil on top or close to a charger or
power supply coil and starts the drive circuit to power the
appropriate coil. The sensing mechanism can be a current
sense mechanism. Each coil drive circuit can periodically
start driving the coil at an appropriate frequency and a current
sense circuit can monitor the drawn current to sense when a

receiver is nearby thereby affecting the inductance ofthe
charger or power supply coil. Driving the charger or power
supply coil circuit at an appropriate frequency determined by
the inductances of the charger or powersupply and receiver
coils and the capacitance ofthe load, can provide very high
sensitivity to this change in the inductance.
[0307] Additional verification can be obtained by exchang-
ing a verification code through the coils or by exchange of
information through a second wireless data communication
link (such as RFID, NFC, WiFi,etc.) betweenthe pad and the
device(s) to be charged. The code exchange canalso provide
informationto the charger or powersupply coil regarding the
necessary voltage, power, temperature, or other diagnostic
informationfor achieving reliable charging.
[0308] The approximate Effective Area is shown in FIG.
36. Any point within the Effective Area shownhasthe prop-
erty that a receiver coil placed with its center withinthis area
is always within half a widthor less of the center ofat least
one charger or power supply coil. If the system is designed
such that movingthe receiver coil within halfthe width of the
center of any given activated coil provides at minimumthe
maximum output required (i.e. 3 W in the earlier example),
the Effective Area has the property that a receiver coil with its
center anywhere within this area can receive the necessary
maximum output power or more with only one appropriate
charger or power supply coil activated.
[0309] For the geometry shownin FIG. 36 comprising 75
hexagonal coils with side=rin 3 layers, the effective area is
approximately 12 r wide and 6 mr high where mr is the
minimalradius ofthe hexagon=,/3 r. The total area is approxi-
mately 62r. In accordance with an embodiment, the Coverage
Efficiency (CE) is defined as the EffectiveAreain units ofcoil
radius (for circular coils) or length of side (for Hexagonal
coils) divided by the numberofCoils used. CE~0.83 in this
example.
[0310] ‘To consider an example, one cantake the maximum
offset between the receiver and charger or power supply coil
to achieve sufficient output powerto be halfthe width ofa coil
(assuming symmetrical coils). Using coils with different
width or radii (in the case of circular coils) or other geom-
etries would change this value. It can be shownthat a hybrid
coil with a PCB coil and a wound wire coil are placed on top
of each other is shown to have a more flat power transfer
efficiency curve as a function ofoffset between the charger or
power supply and receiver coil offsets. The general results
and the operating principles for the embodiments discussed
herein are valid regardless of what type of coil, geometry, or
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regulation is used to allow larger (or smaller) insensitivity to
charger or power supply/receiver coiloffset.
[0311] For the remaining portions of this document,
embodiments are generally described which use half the
width of the charger or power supply coil as the maximum
allowable offset between the charger or power supply and
receivercoil before the transferred power becomes lower than
the desired maximum transferred powervalue.
[0312] The sense and contro] mechanismin the Configura-
tion shownin FIG. 36 may be shared between a number of
drive circuits to reduce parts count or may beintegrated with
eachdrive section. A numberofother sense mechanism such

as magnetic, optical, or capacitance sensors mayalso be used.
[0313] FIG. 37 showsanalternative embodiment in which
the numberofdrive (and sensing) circuits may be reduced by
using 1xN electrical or electronic switches. In this embodi-
ment, a number (N) ofcoils are connected to a 1xN switch
that is on the other side connected to a coil drive and sense

circuitry. The switch periodically switches each ofthe coils in
rotation to the coil drive and sense circuitry. Once an appro-
priate receivercoilin the vicinity ofa charger or power supply
coil is detected, that coil may beinterrogated furtherto verify
a chargeable device is nearby and then charging or powering
of the device begins.
[0314] One drawbackofthis schemeis that since each drive
electronics module canat most only be connected to | coil out
of N coils in each segment, 2 devices placed on 2 different
coils in that segment may not be powered or charged simul-
taneously. In practice, since each device to be charged will
cover a certain amount of area on the surface, by appropri-
ately segmenting the pad and choosingthe size of charger or
powersupply andreceivercoils, one can minimize the impact
of this effect.

[0315] For an extreme case that N=NC(i.e. the number of
coils in the pad), one can use a single drive and sense elec-
tronics module to monitor and powerany coil in the pad thus
greatly simplifying the architecture and potentially the cost of
the charger or power supply. However, only one receiver coil,
and hence only one device may be powered up or charged at
any given time. The desirable characteristics of the 1xN
switch are:

[0316] Low ON resistance: This would reduce wasted
powerin the form ofheat at the switch.
[0317] High current capability: For power charging appli-
cations, depending on application and device to be charged,
0.5 Aand higher, up to severalAmps ofcurrent may be carried
in ONstate.

[0318] High reliability: Failure ofa switch would renderthe
related segment dysfunctional.
[0319] Fortunately, the switching speed of the 1xN switch
is not critical for this application. For example,ifit is desired
for the pad to have a | second responsetime(timeit takes for
the padto sense a device and begin charging), the switch must
be able to disconnect and establish a new connection in under

L/N seconds (ignoring the time it takes for the sense and
control circuitry to work which can be extremely fast). As an
example, for N=10, this switch disconnect and connecttime is
under 100 msec, which is quite achievable. Even lower
switching speeds are acceptable for longer response times.
[0320] In accordance with an embodiment, the 1xN
switches may be implemented by electronics circuits or
SPDT or DPDT IC switches, relays, MOSFETs, or Micro-
Electro-Mechanical Systems (MEMS) switches. Other meth-
ods for switching may also be employed.
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[0321] Asanexample ofaanICswitch forthis application,
a series of Single Pole Double Throw (SPDT) switches with
relatively low R,, of 80 m@ that can be used inthis applica-
tion. An example of the SPDTis available in a Quad (four
switches) pack and is capable of carrying 500 mA whichis
sufficient for most low powerapplications. If larger current
carrying capability is desired, two or more ofthe switches
may be used inparallel. This particular IC also incorporates
over current, short circuit, and temperature sense circuitry
which provides additional safety features fora system. A 1xN
switch canbe created by connecting several ofsuch switches.
[0322] In accordance with one embodiment, the surface of
a charging pad is divided into segments where within each
segment, a significant Effective Area wherein the center ofa
receiving coil canbe placed to receive poweris created.
[0323] FIG. 38 shows a case where a three-coil layer PCB
is arranged to provide a cluster for uniform powerin an area
using only one coil powered at any given time. In this case,
layer 1 comprises six coils arranged around a central coil for
atotal ofseven coils. The second and third layers comprise six
coils total. In total, nineteen coils exist in the three layers of
the PCB.

[0324] FIG. 39 showsthe coils are arranged such that by
powering only oneofthecoils in the cluster, any receiver coil
(for the receiver) placed with a center within any location in
the effective area receive the specified powerif the appropri-
ate charger or powersupply coil is activated. Whenthe three
layers are stacked together, seen from above, the structure is
as shownin FIG. 39. As described above, any point within the
Effective Area shown has the property that a receiver coil
placed with its center within this area is always withinhalfa
width of the center ofat least one charger or power supply
coil. Therefore, it can receive the necessary minimum power
or more with only one appropriate charger or power supply
coil activated,

[0325] For the case shownin FIG.38 with nineteendistinct
coils, five of the quad SPDT chips mentioned above can
provide the necessary Switching capability to allow a single
drive and sense circuit to sense the presence or absence of a
receiver coil near each coil. In accordance with an embodi-

ment, the sequence canbe:
[0326] The switches are set so that the coil 1 in Layer 1
shown as (1,1) in FIG, 38 is connected to a switching and
sense circuitry similar to the left side of FIG. 34 (i.e. the
charger or power supply in FIG. 34).
[0327] MCU1gives a commandto the FETdriver to begin
switching the coil. The duty cycle may be set very low to
generate a lowvoltage in any potential nearby receivercoil.
[0328] Ifa receiver coil is nearby, it begins drawing power
fromthe charger or power supplycoil. This can be sensed as
a higher than normalcurrent drawin the currentsensecircuit
of the charger or power supply.
[0329] Additionally, the charger or power supply and
receiver coil can exchange a code to confirm that a valid
device or battery with appropriate circuitry is nearby and
verified.

[0330] At this point, the amount of current through the
sense circuit is digitized by MCUI andsaved inits memory.
[0331] Alternately, the receiver circuit can note the amount
of voltage or power being received and report back to the
charger or power supply. This information can be encoded by
modulating the input impedance of the receiver circuit by
MCU2. This information is then sensed by the charger or
power supply sense circuitry, digitized by MCU1 andsaved.
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[0332] The FETdriver and therefore the FETare disabled.
[0333] Theswitches are configured to connectthe drive and
sense circuitry to the next coil (Coil (1,2) in this example).
[0334] Commands 2 through 8 are executed until all coils
have been activated and tested.

[0335] MCU1 comparesthe values received for sense cur-
rents and determines which coil has the highest sense current
whenturned on. This is the closest charger or power supply
coil to the receiver coil. If additional circuitry for confirma-
tion of valid receiver through exchange of code is imple-
mented, the closest coil has to also pass this test.
[0336] Theappropriate coil is turned on and chargingstarts.
Anadditional verification can be performed priortostart of
charge.
[0337] The charging continues in open or closed loop
depending on the system architecture until end of charge is
achieved. This is either indicated to the charger or power
supply by the MCU?or sensed in the charger or power supply
sense circuit by a change in the amount of current being
drawn.

[0338] Depending on the characteristics desired and cost/
performance tradeoffs,it may be decided that for each cluster,
2 or more drive and sense circuits and a smaller number of
switches are used.

[0339] FIG. 40 shows one configuration wherein the num-
ber of switches required is reduced to three to switch to any of
the 20 coils in FIG. 39. The first switch connects the Ve to one

ofthe ports (outside or inside contact point of the spiral coil)
on every coil in one ofthe three layers. The other ports of
groups ofthree of coils from different layers are connected
together and input into the switches 2 & 3 as shownin the
figure. The outputs of Switch 2 & 3 are connected together,
and connect to the FET for switching. The centercoil (1,7) is
connected to the poles of the switches by itself. This coil is
often the most likely coil for the receiver coil to be adjacentto
sinceit is central. Comparing FIG. 40 with FIG. 34 showsthat
using this scheme, any one ofthe coils in the system can be
connected by the switches to be driven by the FET.
[0340] Depending on cost/performance trade-offs
involved, it may be advantageous to cut the number of
switches by schemes such as shown in FIG. 40. Such a
schemecanalsobe used to cut down the numberof switches

ina larger array. For example, the array in FIG. 36 comprising
75 coils would require 19 Quad SPDT ICs to implement.
However, by using one Switch to choose one of the 3 layers
and 7 switches to choose one ofthe 25 coilsin eachlayer, one
can achieve the sameresults with 8 total switches.

[0341] With further cascading of switching layers, it is
possible to further reduce this number. However, it must be
noted that cascading of switching layers increases the Series
Resistance along the current path of the charger or power
supply coil which is undesirable.
[0342] Inthe examples given above, the switching is shown
for Point A in FIG, 34priorto the coils. However, Point B can
also be used forthis purpose.
[0343] The associated electronics are shownon the perim-
eter of the coils but can be placed in other locations too.
[0344] FIG. 41 shows a multi-charger or power supply pad
that incorporates four of the clusters shown in FIG, 39. A
device to be charged or powered would haveto be placed such
that the centerofthe receivercoil is within one of the effective

areas in one of the clusters or segments. As an example, if the
cluster is made of hexagons with side lengths r, a hexagonal
Effective Area in the center of the cluster with a maximal
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diameter of 5 r is created. The Effective Area~19r achieved

with 19 coils giving a Coverage Efficiency=Effective Area (in
coil radius or side length Units)/Number of Coils=1.
[0345] For a typical coil of 0.625" side, this leads to a
maximal diameter of 3.125". Such an almost circular Effee-
tive Area with a diameter of over 3" can be marked onthe

surface of the charger or power supply pad and allowsthe user
to easily place the receiver coil inside (or on) a mobile device
such as camera, mobile phone,batteries, game players, etc. in
the right location for charging without much alignment and
effort. Each of the clusters in the configuration shownin FIG.
41 can have their owncoil drive and sense circuits or may
share this circuitry through multiplexing with switches.
[0346] In this way, a practical systemfor providing a large
Effective Area in each charging area (i.e. segment) while
maintaining high power transfer efficiency is developed. A
significant advantage is also that simultaneous charging of
multiple devices can be achieved.
[0347] It should be noted that the charger or power supply
coils can be designed to be larger than the receiver coils. By
doing so, one can obtain an even larger effective area and
insensitivity to placementofthe receiver coil. The Effective
Area has a maximal diameter of3r. Other combination ofcoil

patterns to achieve local position independence with a num-
ber of coils can be constructed.

[0348] FIG. 42 showsa cluster of 2 layers of 3 coils anda
central coil (total 7 coils) that can create an effective area of
3r, In practice, such an area maybesufficient for many appli-
cations. It will be noted that while Hexagonalcoils are shown
in manyofthese figures, a combination of Hexagons and/or
circles, or other shapes can be combined to provide the best
efficiency/position independence performance. Similarly, the
size and shape of the receiver can be non-Hexagonal.
[0349] For example, in FIG. 42, the central and the receiver
coil caninstead be circular (spiral coil) and the central charger
or power supply coil is the most likely charger or power
supply coil for the receiver coil to be on top of. If the receiver
coil is placed on any other position, a hexagonal coil is the
closest coil and be powered. In accordance with other
embodiments, the central coil in FIG. 16 can belarger than the
receiver coil and cover most ofthe likely central area. The
remainder ofthe coils would only be used if the receiveris
placed in extreme outside locations.
[0350] It must be noted that the foregoing description
describesthe situation whereinthe transmitted powerdrops to
acceptable levels when the coil centers are offset by half the
radius. In practice, this value can be different and by using a
combination of coil patterns and sizes and regulation of the
transmitted power, uniform power transmission across an
area can be maintained.

[0351] While the use of IC switching elements has been
discussed above, other switching mechanisms such as
MEMS,relays, etc. can be used to achieve the results. In
accordance with other embodiments, the switching may be
implemented by creating a deformable layer under the coil
layers to act as the switch. Each spiral coil discussed here has
2 ports with one at the outside diameter whereinthe coil starts
and oneat the center wherein the coil terminates.

[0352] FIG. 43 shows a mosaic of hexagonal coils with the
central port to each coil shownascircles. In accordance with
an embodiment, one of the ports of all ofthe coils in the 3
layers (in this case, the outside port) is connected to a com-
monpoint, called here P1. The other port ofeach coil (shown
as the central one here) in the mosaic pattern of FIG. 42 is

74



75

US 2009/0096413 Al

brought down through vias to a commonlayerat the bottom
ofthe multi-layer PCB and connected to a copper pad with a
certain surface area, Such a pattern seen from above (the same
side as FIG. 43) is shownin FIG. 44.

[0353] FIG.44 showsthe top view seenfromthe sameside.
The side view of the pad has integrated MEMSswitch for
contacting individual coil contact pads.

[0354] Inan earlier U.S. patent application Ser. No. 11/669,
113, the useofattracting magnets placed at the centers ofan
inductive charger or power supply’s PCBcoil and the center
ofthe receive coil to align and center the 2 parts conveniently
has been described. Suchtechniques were used in the charger
or power supply for mobile device or battery alignment.

[0355] In accordance with a present embodiment, a planar
conductive layer or conductive traces patterned with conduc-
tive pads similar to the coil port pattern shown in Top part of
FIG. 44 and all connected to a commonpoint(called P2 here)
is created ona flexible material film. Examples of the material
for the flexible film are mylar, polyimide, flexible PCB mate-
rial such as Kapton,etc. or plastic. At the center ofeach ofthe
pads, a small magnetor ferromagnetic materialis attached to
the other side of the film. Alternatively, a layer offerromag-
netic material is deposited and patterned to have a pattern
similar to FIG. 45 top so that only material with a pattern
similar to the PCB port pad remains. The flexible film is
attached to the bottom of the PCB suchthat a small gap
betweenthe top layer ofthe film and the bottomofthe PCBis
created by a spacer. The side view of the MEMScharger or
power supply pad is shownin FIG. 44.

[0356] The entire package shownin the bottom of FIG. 44
has 2 electrical connection points. One from the PCB,called
P1 thatis connected to one ofthe ports ofall of the coils in the
3 layers of the PCB(in this case the edge port). The other
connectionis to the commonpadsontheflexible film. Thisis
called P2. Looking at FIG. 34, the entire package can be
treated as L.1, and connect P1 to point A in this circuit and P2
to point C.

[0357] Ordinarily, none of the coil center ports are con-
nected to the contact pads ontheflexible film and therefore
the circuit is not completed. Ifa receiver coil with a magnet
attachedto the back ofits PCB coil and the magnet oriented
with correctpolarity is brought close to the pad,it attracts the
magnet or patterned ferromagnetic layer at the center ofthe
nearest charger or power supply coil and at the bottomof the
flexible film towards itself. This causes the top conductive
layer on the flexible film to make contact with the center port
of the appropriate coil and close the circuit. In this way,
current can flow only through the appropriate coil and then
activateit.

[0358] In accordance with an embodiment, to avoid oxida-
tion of the contact pads at the bottom of the PCB and the
flexible film contacts, these surfaces can be protected by
deposition of additional layers such as gold or other material
on top of the copper. Such processes are often used in PCB
manufacture to protect exposed contacts. In addition, the PCB
pad package can be hermetically sealed to avoid dust con-
tamination on the contacts. Additionally, the volumeinside
can befilled with an inert gas such as nitrogen.
[0359] By optimizing the surface area of the contact pad
and the flexible film contact areas and material composition,
low contact resistance can be obtained. Other parameters to
optimize are the area of the magnet or magnetic material and
the type of material used.
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[0360] The configuration above is provided by way of
example. In accordance with other embodiments, it is pos-
sible to connect the components in a different manner, or to
place in an external drive circuit ina different configuration to
achieve the desired result. A 3 layer board has also been used
to demonstrate this approach. Simpler constructions with | or
2 layers or configurations wherein the coils in the different
layers have different functionsor sizes and provide different
powerlevels can also be implemented. The advantagesofthis
approach are:
1—Highefficiency: Only the appropriate coil for high coil
overlap is activated.
2—Position Independence: The receiver coil can be placed
anywhere with its center in the Effective Area and achieve
specified powertransfer.
3—Low cost: The pad doesnot use any IC switching elements
for connecting to the appropriate coil.
[0361] As described above, in accordance with an embodi-
ment the entire package in FIG. 44 is connected between
points A and Cinthe circuit of FIG. 34. One example of the
operation of the system is described in more detail here:
[0362] MCU1 gives a commandto the FET driver periodi-
cally to begin switching the coil. The duty cycle may beset
very low to generate a low voltage in any potential nearby
receiver coil.

[0363] Ordinarily, none of the coils is connected to point C
in FIG. 34. Therefore, no current is sensed in the current sense
circuit.

[0364] Ifareceiver coil is placed on the pad,it will cause the
appropriate charger or power supply coil center port to con-
tact the pad onthe flexible film and therefore the appropriate
coil is contacted to points A and C in FIG, 34.
[0365] The receiver coil begins drawing power from the
charger or power supply coil. This can be sensed as a higher
than normal current draw in the current sense circuit of the

charger or power supply.
[0366] Additionally, the charger or power supply and
receiver coil can exchange a code to confirm that a valid
device or battery with appropriate circuitry is nearby and
verified.

[0367] Once MCU1 determines that an appropriate
receiver coil is on the pad and ready to draw power, the FET
is turned on and chargingstarts. An additional verification can
be performed.
[0368] The charging continues in open or closed loop
depending on the system architecture until end of charge is
achieved. This is either indicated to the charger or power
supply by the MCU2orsensedin the charger or powersupply
sense circuit by a change in the amount of current being
drawn.

[0369] The description provided above describes whathap-
pens whenthe activation of the MEMSswitch occurs through
magnetic attraction. In accordance with some embodiments,
the switch can be designed such that it closes at the appropri-
ate location due to static attraction, pressure, temperature
change, or other mechanism.
[0370] In the MEMSsystem described above, a disk or
other magnetin the receivercoil attracts a magnet or patterned
ferromagnetic layer attached or deposited underthe flexible
film to close the contact beneath the appropriate charger or
power supply coil to the FET. However,in other embodiments
a ferromagnetic layer can also be used in the middle of the
receiver coil (on the front of the PCB, its back or separate
layer fromthe coil layer) and use either permanent magnets or
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deposit or sputter, etc. a patterned ferromagnetic layer thatis
permanently magnetized behindthe flexible layer film. In this
way, the charger or power supply pad would contain multiple
magnetic points corresponding to the centers of the coils.
Whena ferromagnetic material is brought close to the pad, the
appropriate coil is activated. To avoid false starts with metal-
lic objects placed on the pad, secondary verification tech-
niques, as described above, can be used, including in some
embodiments an exchange of code between the charger or
power supply and receivercoil.
[0371] Examples ofmetals that can be used are Ni, Fe, Co,
or various commonly used alloys. These can be deposited on
a flexible film in a variety ofways such as sputtering, evapo-
ration, e-beam,plating,etc.
[0372] The system shownin FIG.44 is mostly designed to
operate with a single FET and allow charging of a single
device somewhere onthe pad. If 2 devices are placed on the
pad and 2 coils are connectedto the pad, the powertransferred
may not reachthe full specified powerand it may not be clear
which device is sending or receiving the control signals dur-
ing charging.
[0373] In accordance with an embodiment, to overcome
these issues, a segmented pad where clusters of charger or
power supply coils are attached to individual drive and sense
circuits and are independentof each other can be used.

[0374] The X-Y areais divided into segments (in this case
4 shown). One coil in each section can be driven by an
appropriate FET and sense Circuit for that segment. Top: The
pattern for contactpads at the bottom layer of the PCB. Each
pad is connected to the central port ofa coil in one ofthe 3
layers above. The top view is shown here. Bottom: The side
view of the pad with integrated MEMSswitchfor contacting
individual coil contact pads. Spacers at the edges and the
walls of the segment areas keep the flexible film at a pre-
determined distance from the bottom layer of the PCB.

[0375] FIG. 45 showsthe architecture of the segmented
MEMScharger or power supply pad in accordance with an
embodiment. Each segment comprising a numberofcoils is
connected to points A and C of a different driver and sense
circuit. Thus, devices placed inside each segment can be
driven with their owndriver and are independent. In this way,
several (in this case 4) devices can be charged or powered
simultaneously.

[0376] In FIG. 45, additional spacers are placed at the
boundaries of the segments. These spacers may help with
keeping the flexible film/PCBgap constant and operation of
the flexible film uniform along the X and Y direction. Such
spacers interspersed in the X-Y plane between the PCB and
flexible film layer may be used regardless ofwhether the pad
is segmented electrically or not.

[0377] In accordance with some embodiments, the MEMS
switching method described here can also be applied to the
cluster geometry shown in FIG. 41 or any other geometry.

Conductive Multi-Charger or Power Supply Surface

[0378] As discussed above, in accordance with some
embodiments, another method for charging or powering mul-
tiple devices on a commonchargeror powersupply surfaceis
to incorporate a number ofconnector pointsor strips into the
pad. The user can place a device with an appropriate connec-
tor on a pad or similar object and receive power through
matching contacts on the pad. FIG. 46 shows a general dia-
gramfor this approach is shownin. In this approach, one or
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more regulated power supplies are connected tothe chargeror
power supply pad. The pad comprises an array ofcontacts or
strips of exposed connector.
[0379] FIG. 47 showsan array ofcontacts on the surface of
a pad. In FIG. 47, each position comprises a Voltage and
Ground contact. In this picture, the connector is shown as a
recessedcircle similar to a washer where onecontactis in the

middle and the other contact is in the body or outside of the
circle. Other connector geometries are possible.
[0380] A device with an appropriate mating connectoratits
bottom or in a plug-in unit for after-market applications can
be placed on the pad and the connectors on the device make
appropriate contactsto the pad contacts ifplaced on one ofthe
contact points. In accordance with an embodiment, the con-
nectors on the surface ofthe charger or power supply pad are
connected to a number of switches which are connected to

regulated powersupplies and sensecircuits as shownthrough
switch arrays as shown in FIG. 46. MCU1periodically turns
ONoneofthe regulated power supplies. The switchesare set
suchthat a connection is made to the 2 contacts of a contact

pointin the pad. The sense circuit detects any possible flow of
current. Ifa current flow is detected, the system may verify the
presence ofa valid receiver through exchange of information
throughthe contact with a MCU2in the receiver. Ifno current
is being drawn or the verification process fails, the MCU1
reconnects the supply to the next contact position. By raster-
ing the entire pad periodically, contact to several devices on
the pad for charging or powercan be established. A diode D1
can be used forprotection against reverse voltage, a Capacitor
(C1) to filter any potential noise on the regulated power sup-
ply output, and MCU2to enable communication betweenthe
Charger or power supply and the Receiver are shown. The
receiver mayalso incorporate a voltage regulator to provide a
constant voltage (or voltage in the acceptable range for opera-
tion) to MCU2. This voltage regulator just provides the low
power necessary for this, and is not in the path of the main
power going into the battery. Any power loss due to this
regulator is small because it is very low power and does not
affect the overall systemefficiency much.It is mainly used to
keep the MCUactive during startup or other changes so the
communication with charger or power supply is maintained.
However, these components are optional and maynot be
present depending on the architecture used. The description
provided herein does not depend on use of these components
for operation.
[0381] Ifthe ground (througha sense circuit) contact for all
positions is connected together, then Switch Array 2 can be
eliminated. Care must be takento interpret the received sig-
nals in interpreting the current sense values since it is the sum
ofcurrents fromall devices being charged.
[0382] Theswitching arrangements discussed above forthe
Inductive cases can be modified and used for this type of
conductive switching as well. In addition, the MEMSbased
approach shownaboveare applicable to this application.
[0383] An embodimentfor a universal charging pad using
conduction is shown in FIG. 48. In this case, one of the
contact points for each position (e.g. Ground contact) is con-
nected together throughout the pad and connected to the
appropriate location (Ground throughthe sensecircuit in this
case). The other contacts are brought through the charger or
power supplysurface to the bottom ofthe surface and contact
pads are formed.
[0384] ‘Top: The patternfor contact padsat the layer below
the connectors. One of the contact points for each position
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(e.g. Ground contact) is connected together throughout the
pad and connected to the appropriate location (through Sense
circuit to Groundin this case), Bottom: Side viewofthe pad
with integrated MEMSswitch for contacting individual con-
tacts to the power supply. Spacers at the edges keep the
flexible film at a pre-determined distance from the bottom
layer of the PCB.

[0385] In accordance with an embodiment, a planar con-
ductive layer or conductivetraces patterned with conductive
pads similar to the charger or power supply surface contact
pattern shownin Top part of FIG. 48 and all connected to a
commonpoint (called P2 here) is created on a flexible mate-
rial film. Examples of the material for the flexible film are
mylar, polyimide, flexible PCB material such as Kapton,etc.
or plastic. At the center ofeachofthe pads, a small magnet or
ferromagnetic materialis attachedtothe otherside of the film.
Alternatively, a layer of ferromagnetic material is deposited
and patternedto have a patternsimilar to the Top in FIG. 47 so
that it only material with a pattern similar to the charger or
powersupply surface pad pattern remains. The flexible filmis
attached to the bottomofthe charger or power supply surface
suchthat a small gap betweenthe top layer of the film and the
bottomofthe charger or powersupply surface is created by a
spacer.

[0386] FIG. 48 showsthe side view of the MEMS conduc-
tive charger or powersupply pad. Using the MEMSconduc-
tive charger or power supply pad eliminates the need for
switchingarrays.
[0387] In accordance with an embodiment, the entire pack-
age shown in the bottom of FIG. 48 has two electrical con-
nection points. One from the top surface, called P1 that is
connectedto one of the connector points ofall of the connec-
tor positions on the charger or power supply surface (Ground
in this case). The other connectionis to the commonpads on
the flexible film. This is called P2, and is connected to the

other position in the circuit. For example, for the geometry
discussed here, P1 can be connected to Point B in FIG. 49 and

P2 connected to Point A. FIG, 49 is a generalized block
diagram of a charger or power supply pad with multiple
regulated powersupplies.

[0388] The case discussed here and the pad in FIG. 48
enable connection of one regulated supply to one or more
devices placed on the pad. Howeverin the case of multiple
devices on the pad, the voltage characteristics of the device
would have to be identical to the first one and the sum of

powers being drawnfrom the supply not exceed the maxi-
mum rating of the power supply. A more generalized
approach wherein different voltages/powercanbe supplied to
different devices is discussed in further detail below.

[0389] Ordinarily, none ofthe connectors are connected to
the contact pads ontheflexible film and therefore the circuit
is not completed. In accordance with an embodiment, if a
receiverwith a magnetattached to the backorperimeter ofthe
connector and the magnet oriented with correct polarity is
brought close to the charging surface,it attracts the magnet or
patterned ferromagnetic layer at the center of the nearest
contact pad and at the bottomofthe flexible film towards
itself. This causes the top conductive layeronthe flexible film
to make contact with the contact pad for the appropriate
connector at the bottom ofthe charger or power supply sur-
face and close the circuit. In this way, current can flow only
throughthe appropriate connectorintothe receiver circuit and
the device to be charged.
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[0390] As described above, to avoid oxidation of the con-
tact padsat the bottom ofthe charger or power supply surface
and the flexible film contacts, these surfaces can be protected
by deposition ofadditional layers such as gold on top of the
Copper. Suchprocesses are commonto protect exposed con-
tacts. In addition, the pad package can be hermetically sealed
to avoid dust contamination on the contacts. Additionally, the
volumeinside canbefilled withaninert gas such as nitrogen.
[0391] By optimizing the surface area of the contact pad
and the flexible film contact areas and material composition,
low contact resistance can be obtained. Other parameters to
optimize are the area ofthe magnet or magnetic material and
the type ofmaterial used.
[0392] Top: The pattern for contact pads at the layer below
the connectors. One ofthe contact points for each position
(e.g. Ground contact) is connected together throughout the
pad to form contact point P1, Bottom: Side view of the pad
with integrated MEMSswitch for contacting individual con-
tacts to the powersupply. Spacers at the edges and the walls
ofthe segmentareas keepthe flexible film ata pre-determined
distance from the bottomlayer ofthe PCB. The contact pads
in each segmentofthe flexible film are connected together to
form contact P2 for each segment.
[0393] FIG. 49 shows another embodiment where several
regulated power supplies provide power to the pad. This
allows charging of several devices simultaneously.
[0394] FIG. 50 shows analternative embodimentusing a
segmented surface. The operation of this is similar to previ-
ously described except that the top and bottomcontact points
for each segment P1 and P2 are connected to the appropriate
positions in B and A in FIG.49 so that each regulated power
supply is connected to one of the segments in the charger or
power supply surface whenthecircuit is closed. In this way,
adevice placed on each ofthe segments can be powered by the
regulated power supply at its required voltage and power
level.

Electromagnetic Shielding

[0395] Electromagnetic Interference (EMI) is an important
aspect ofperformance ofany electronic device. Any device to
be sold commercially requires adherence to regulation in
different countries or regions in terms ofradiated power from
it.

[0396] For an inductive charger or power supply compris-
ing a numberofcoils and electronics switches and control
circuitry, the main sources of noise include:
[0397] Any potential radiated noise from switching FETS,
drivers, etc. or sense and control circuitry. This noise can be at
higher frequency than the fundamentaldrive frequency ofthe
coils and can be emitted away from the charger or power
supply because of the frequency. This noise can be minimized
by optimizing the drive circuit to avoid sharp edges in the
drive waveformand associated noise.

[0398] Noise from coppertraces with ac signals. This noise
can also be at higher frequency and emit away from the
charger or power supply. The length of these paths must be
minimized.

[0399] EM emission from the switched coil. For coils
described here and driven in the 100’s of kHz up to several
MHz,the wavelength ofthe Electromagnetic (EM)field gen-
erated can be in the hundreds of meters. Given the small

length of the coils windings (often 1 morless), the coils used
are not efficientfar-field transmitters of the EM field and the

generated EM field is in general highly contained near the coil
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surface, The magnetic flux pattern from a PCB coil is highly
contained in the area of a coil and does not emit efficiently
away from the coil.
[0400] Care must be taken when designing the current
paths, and in some embodiments shielding of the FETs or
other ICs or electronics components may be necessary. In
addition, switching the coils with waveformsthat have higher
frequency components,givesrise to noise at higher frequen-
cies. In any of the above geometries described, incorporation
of conductive layers and/or ferromagnetic layers in the sys-
tem can shield the outside environment from any potential
radiative fields. The conductive layers may be incorporated in
the PCBto eliminate the need for additional separate shield-
ing layers.
[0401] In the examples provided above, while the 3 coil
layers can be incorporated into PCB layers, the electronics
components can be placed on the lower most surface of the
PCBto allow a flat surface on the top and allow receivercoils
to get as close as possible to the charger orpowersupply coils.
One possible arrangementfor the location of the electronics
components at the bottom surface of the total PCB stack is
shown.In this case, in someorall ofthe layers above, the PCB
layers can incorporate Coppersections in the areas shownin
black in this figure. By appropriately grounding these sec-
tions and providing additional conductive and/or magnetic
layers below the electronics components, the EMI can be
significantly reduced.
[0402] Inaccordance with an embodiment, another method
for minimizingthe effect of the coppertraces in the PCBis to
sandwich thembetweenlayers ofconductors in the PCB. Ina
multi-layer PCB,the copper trances and connectionsto all the
components and coils can be for example, be ina middle layer
and the necessary connections to the ICs or other layers be
made through vias. Given that the magnetic flux is highly
contained withinthe coil area, the layer containing the coil or
another layer below or above can contain a substantially
continuous layer of copper covering everything except the
area of the flux generated by the PCB (very close to the
outside ring of the coil). By having two or more conductive
PCBlayers for shielding sandwiching the signal and current
paths, most of the noise generated can be shielded very close
to the source. Since the noise from the PCB is minimal and

does not radiate, the remaining source ofnoise, the electron-
ics, FETS, etc, can be shielded by covering the section with
these devices with a metallic cover or shield.

[0403] Similar types of judicious incorporation of
grounded Copper layers in the PCB layers in any of the
designs above can significantly reduce any potential EMI
issues without requiring additional shielding layers.
[0404] FIG. 51 showsa standard used within the European
Unionfor measuring emissions from a product.In this case,
the emissions froma product are measured at 10 mdistance.
This test (EN 55022) looks for emissions from 30 MHz to 1
GHz. Limits for Class A and Class B certification are shown

in the Figure.
[0405] FIG. 51 showsa typical scan of emissions from an
inductive multi-charger or power supply pad. As discussed
above, the radiation at the fundamental operating, frequency
(100’s of kHz to several MHz), can be self-contained within
the coil area. However, noise at higher frequencies (such as
the test range of30 MHz to 1 GHz) must be reduced to avoid
interference with other nearby electronic devices.
[0406] Metallic and/or Ferromagnetic layers are often
included in electronic devices to reduce their EM emission.
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An example of such layers is described in U.S. Pat. Nos.
6.888.438, and 6,501,364. In these instances, PCB coils are
formed on two sides ofa PCB,and ferromagnetic and copper
layers are placed on eachside of the PCBto limit emissions
from a package containing sucha transformer.

Frequency Selective Electromagnetic Shielding

[0407] Inaccordance with some embodimentsofthe induc-
tive universal charger or power supply pad described herein,
the inclusion ofmetallic and/or Ferromagnetic layers at areas
that are potential sources of emission such as FETs, etc. may
be beneficial. However, a method that would wholly cover the
charger or power supply pad package to eliminate potential
for escaping EM fields may provide benefits.
[0408] Given that the inductive charger or power supply
pad operates by generating an oscillating magnetic field, such
an approach does not seemfeasible as it would block such a
field from being sensed by the receivercoil.
[0409] In accordance with an embodiment, a method is
described herein that allows the inductive pad to emit EM
wavesefficiently for operation while simultaneously provid-
ing shielding to high frequency EM fields. Such operation is
achievedby taking advantageofthe skineffect in conductors.
[0410] The skin effect is the tendency of an alternating
electric current (AC)to distribute itselfwithin a conductor so
that the current density near the surface of the conductoris
greater than inside the material. That is, the electric current
tends to flow at the “skin” ofthe conductor.

[0411] The skin effect causes the effective resistance ofa
conductor to increase with the frequency of the current and
has practical consequences in the design of radio-frequency
and microwavecircuits.

[0412] The current density J in an infinitely thick plane
conductor decreases exponentially with depth 6 from the
surface, as shown below:

IsJe°"4

wheredis a constant called the “skin depth”. This is defined
as the depth below the surface ofthe conductor at which the
current density decays to l/e (about 0.37) of the current
density at the surface, It is given by:

9

de pcecf

Where:

[0413] p=resistivity ofconductor
w=angular frequency of current=27xfrequency
tt=absolute magnetic permeability ofconductor=y)"u,, where
{ly is the permeability of free space and Pris the relative
permeability of the conductor.
It is important to note that d decreases rapidly with frequency.
The magnetic and electric field similarly get attenuated trav-
eling through a sheet of a conductor. Using the values for
conductivity of copper (5.8x107 Siemens/m), the absorption
going through a single layer ofcopper with various thickness
can be calculated.

[0414] FIG. 52 showsthe absorption through a copperlayer
of70 umand 7 pum. While the 70 um layer provides very high
attenuationin the region of interest (30 MHz to 1 GHz), the
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attenuation is excessive in most cases and is only needed in
extraordinarily noisy circumstances.
[0415] As described herein, the transmitted poweris con-
sidered through a very thin conductivelayer.
[0416] FIG. 53 showshow the attenuation values are shown
for Copper and Aluminum (conductivity of 3.76107 for
99.99% Al) layers for several thicknesses.
[0417] For these calculations, the placement of the layer
with respect to the source of the EM field needs to be
included. In these calculations, the source is assumed to be
0.5 mmunderthe layer. This is similar to placing the layer
essentially directly on the sourceofthefield.
[0418] It will be noted that, for very thin layers of Copper
and Aluminum, downto | micronthickness,very high attenu-
ation values at frequencies over 1 MHz are obtained. The
attenuationof 1 1m layers ofCopperandAluminumat 10” Hz
are respectively 32 dB and 28 dB and are comparable. How-
ever, at 1 MHz or below,the attenuationin either material for
such a thin layer is minimal. In accordance with some
embodiments, this behavior or characteristic can be
exploited.
[0419] FIG. 54 shows Transmitted EM Powerthrough Cop-
per and Aluminum layers ofvarying thickness for an incident
EM field at 1 MHz whichis a typical operating frequency for
the type of inductive universal charger or power supply
described herein. Below 5 [um thickness, the transmitted
power exceeds 95%. Aluminum inparticular (dueto its lower
conductivity), has a wide range of thicknessesthat allows a |
MHzradiationto transmit through without much attenuation.
[0420] As discussed above, in some embodiments of the
inductive charger or power supply device described herein,
the generated EM field at the operating frequency ofthe
charger or power supply (typically~1 MHz), is generated by
an inefficient PCBcoil antenna and is mostly confined to the
area immediately near the coil (to be picked up by the receiver
coil), However, any noise generated by drivingthe coilat this
fundamental frequency (due to nonlinearities at the compo-
nents, non-sinusoidal signal, or at the FET or the FET driver)
or any noise generated at any other location in the charger or
power supply device current paths or components or the
receiver(including noise generated at the receiver rectifier),
can have components that are much higherin frequency.It is
desirable to suppress such noise to the extent possible.
[0421] Inaccordance with an embodiment, a very thin layer
of a conductor (such as Copper or Al, organic conductors,
nanotech materials, nanotubes, or other material), covering
all or part of the charger or power supply and/or receiver
circuit can be used to allow the desired low frequency com-
ponents (Several MHz or below) to travel through without
attenuation while severely reducing the higher frequency
noise. In accordance with some embodiments, the entire

inside or outside surface of the charger or power supply
and/or receiver package circuitry or part ofit is covered to
achieve this frequency selective shielding without dramati-
cally affecting the fundamental operation ofthe device.
[0422] In one embodiment, the entire inside or outside of
the packagefor the inductive charger or power supply and/or
the receiver for such a charger or powersupply is covered by
a thin layer of a conductor (15 um thick or less or preferably
less than 5 um thick). The conductor can be metallic as dis-
cussed above, metal alloys, organic, nanotech materials,
nanotubes,etc. At high frequencies, such a layer reduces the
emitted EM powerconsiderably (greater than 20 dB or even
30 dB) while allowing most (>90%) ofthe fundamental oper-

Apr. 16, 2009

ating frequency power to transmit through the layer. The
conductive layer can be directly deposited on the parts. To
avoid shorting of any electronics or connectors, contacts, a
dielectric layer, paint or other material mustbefirst deposited.
Alternatively, the conductive parts can be masked offso as not
to contact the EM shielding conductive layer.
[0423] The deposition of the conductive material can be
done in a variety of manners (sputtering, evaporation, elec-
troplating, coating through dipping, Langmuir Blodgett,
painting, etc.) for different materials. Recently, an inexpen-
sive method (Ecoplate) for conformally coating any material
with metallic or metal alloy layers at room temperature has
been developed.In this process, a spray of molten metal at
controlled temperature and velocity instantaneously cools on
incidence with a substrate and forms a conformal layer cov-
ering the entire or part of a part.
The EM conductive shield can also be deposited onto a sub-
strate such as a polymer(e.g. mylar, polyimide, polyurethane,
plastics, etc.), rubber, etc. and the conductive layer coated
polymerbe applied to the inside or outside of the part. Anti-
static bags are an example of a metalized polymer material.
Aluminumis commonly used for this application.
[0424] In another embodiment, the PCB boards, electron-
ics components, and the coils in the charger or power supply
and/or the receiver are covered by a nonconductive layer
(suchas a dielectric, paint, etc.) and then covered completely
or locally by a conductive layer of appropriate thickness
either directly deposited on the board and the electronics or
indirectly with a polymer or similar backing (as described
above).
[0425] Theoptimumthickness ofthe conductive materialis
highly dependentonits conductivity. By choosing the mate-
rial composition and thickness, one can obtain the desired
combination of EM noise suppression and transmission of
fundamental frequency.
[0426] Itisalso possible to combine conductive layer mate-
rials and thicknesses to construct a moretailored frequency
response. Such an approachis commonly takeninthe optical
domainto fabricate wavelength dependentfilters.
[0427] In those embodiments wherein the conductive layer
covers the charger or power supply and/or receiver coil, it
may be desirable to generate an EM field with a charger or
power supply coil and then, after passing the emitted field
through such a conductive layer, turn it back to DC power
throughthe receiver coil and rectification. Since the conduc-
tive layer is a frequency dependentfilter, in this process, this
removes or weaken any higher frequency signals and enables
the receiver to receive a cleaner, and depending onthe design,
more sinusoidal signal. Such high frequency noise is often
related to not-only EMI disturbance and lack ofsignal to
noise ratio in the electronic device to be charged. In addition,
the higher frequency noise causes non-optimumoperation of
the receiver and possibly heating of the receiver or other
components. By removing the generated noise, electrical and
thermal/environmental performance ofthe charger or power
supply and receiver system may be improved.
[0428] Such a physical filtering of an electrical systemis
analogousto anoptical signalbeing filtered in the wavelength
domain (by anopticalfilter, grating, etc.) before reaching a
receiver. The SNR and efficiency of the systemis improved in
this way.

Use of Magnets for Alignment of the Coils

[0429] FIG. 55 shows a method for obtaining local align-
ment independence betweenthe coils in the charger or power
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supply and the receiver are showntherein. In accordance with
an embodiment, by using smal] magnets behind (on the side
opposite to the side facing the surface ofthe charger or power
supply) the center ofeachcoil in the charger or powersupply,
and behind(on the side oppositetothe side facing the surface
ofthe charger or power supply)the coil in the receiver, such
that the magnetsattract each other, a charger or power supply
system can be provided whereinthe user can easily find the
location where the charger or power supply coil is located,
without providing any physical features and/or marking on
the surface of the charger or power supply. This may be
advantageous in enabling charger or power supplies which
can be used with any device to be charged without need for
special alignment or size features. This allows charging of
any size and shape device and/or battery. In this geometry,
shownin FIG. 55, the magnets can bethin flat or other shape
magnets placed at the center of the coil and allow the device
or battery to be charged to be rotated around the charger or
power supply coil with noeffect.
[0430] As described above, by enabling the coil in the
charger or power supply to movelaterally (and somewhat
vertically) in the plane ofthe charger or powersupply surface,
automatic alignment of the charger or power supply and
device and/or battery coil can be achieved when a device
and/or battery is laterally brought close to the center of the
charger or powersupply coil.
[0431] If magnets used for this applicationare electrically
conductive, then someof the field generated by the coil will
generate currents in the magnet and heat the magnet, decreas-
ing the efficiency of the system and generating unwanted
heat. This effect especially becomes important as the field
strength of the coil is increased for higher powers.
[0432] Inaccordance with some embodiments, methodsfor
dealing with this problem can be included, suchas:
[0433] Since the currents are created by eddy currents gen-
erated in the magnets, use ofnon-conductive and/or low con-
ductivity magnetic material can improve this condition.
[0434] The magnet can be constructed of thin flat magnet
material with laminate in betweenthe layers to decrease the
current flow andloss of power.
[0435] FIG. 56 show an embodimentin which the magnets
can be brokenor divided into sections, such as semi-circles

with a gap or non-conductive material in-between to avoid
current circulation. By having each set of magnets behind a
coil to be made of two or more sections, the electrons are

disrupted from circulating and generating strong eddy cur-
rents leading to heating and powerloss.In this figure, eachset
ofmagnets behind a coil are made of semi-circular magnets.
The poles of the magnet are aligned with the South or North
pole facing the surface of the charger or power supply. The
magnetin the deviceor battery have the opposite polarity so
that the magnets of the chargeror powersupply and the device
and/orbattery attract. By having each set of magnets behind
a coil to be made of two or more sections, the electrons are
disrupted fromcirculating and generating strong eddy cur-
rents leading to heating and powerloss. In FIG. 56, eachset of
magnets behind a coil are made oftwo semi-circular magnets.
[0436] FIG.57 shows an embodimentin which one or more
alignment magnets can be used behind each coil. However, in
accordance with an embodiment the magnetsare placed such
that each magnet does not cover an area extending beyond the
centerof the coil. In other words, the surface of the magnet
does not cover the center of the coil and thereby does not
allow circular currents to be set up in the magnet as effec-
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tively. In this way, the eddy currents set up are much weaker
and much smaller power dissipation in the magnets occurs.
Alignment magnets at center of charger or power supply and
device and/orbattery coils for alignment of the twocoils are
attached to the back ofthe coils in such a waythatthe area of
the magnet does not extend beyond the center of the coil. In
this way, the eddy currents created are much weaker and
much less power is lost to the magnets. In this figure, two
magnets are shownper back ofeach coil (four total for a pair
ofcharger or power supply and receiver magnets). However,
any number of magnets from one to many canbe used.
Additional Applications—Charger/Power Supply with Self-
Powered Operation
[0437] FIG. 58 showsanillustration of a device for induc-
tive powerchargingthat includes aninternal battery for self-
powered operation, in accordance with an embodiment. As
shown in FIG. 58, an inductive charging unit such as an
inductive pad 360 includes a rechargeable battery 364. The
unit is normally operated with, or is occasionally coupled to,
powerinput from an electrical outlet, or from ade source such
as astandard automobile 12 volt dc outlet, or froman outlet in
anairplane or an external de source, or from another power
source such as the USB outlet from a computer or other
device. Alternatively, the power can come from a mechanical
source such as a windmill, or a human-powered crank handle.
The unit can include coils 362 that are energized to transfer
powerto receiver coils in mobile electronics devices such as
mobile phones, MP3 players, radios, cd players, PDAs, and
notebook computers, At the same time, the input power
charges the rechargeable battery inside the unit itself. When
the external powersource to the unitis disconnected, or when
no input poweris provided,the unit automatically switches its
operation from its charged internal battery. Alternatively, the
unit’s operation can be switch-operated by user. In this way,
users can continue to charge their devices by placement on the
unit without any outside powersource. This use can continue
until the external poweris restored oruntil the internalbattery
is completely discharged.
[0438] The ability of the unit to continue charging depends
on the capacity ofthe battery included. Thus, for example.
with a1500 mAH internal battery, the unit is able to charge a
mobile phone with a 1000 mAHbattery completely if the
losses due to conversionefficiency, operationofthe circuitry
in the unit, and other losses are up to 500 mAH.
[0439] In other embodiments of an embodiment, the unit
can be powered by other power sources suchas a fuel cell that
generates power from methanol]or other sources. The unit can
also be connected tothe electric grid throughanoutletor to an
external DC powersource such as powerfromanoutlet in a
caror airplane orbeitself charged or powered inductively by
another unit. However, whennot connected to outside power,
the unit can be powered byits internal power generator from
the fuel cell and can charge devices placed onit inductively.
[0440] FIG. 59 shows an illustration of an alternate
embodiment of an inductive charger or power supply unit or
pad 370 with a solar cell power source for self powered
operation, in accordance with an embodiment. As shownin
FIG. 20, the surfaceofthe unit can be coveredby a solar panel
or solar cell 376. In normal operation, the unit can be pow-
ered-up or charged by connection to an electric outlet or
external DC source. But without external electric power, the
panel generates electric power that is used to power the
charger or power supply whichin turn can charge devices
placed on it throughthe inductorsin the unit. In some embodi-
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mentsthe unit canalso includearechargeable battery 374 that
can be charged when the unit is either connected to external
electric power or charged by the solar cells on the surface of
the unit. This battery can then operate the unit when the unit
is either not connected to external electric poweror the solar
cell is not generating enough power to run the unit such as
during operationat night.
[0441] FIG. 60 showsanillustration ofan inductive charger
or powersupply unit with an incorporated communications
and/or storage unit, in accordance with an embodiment. As
shownin FIG.21, in accordance with some embodiments the
charger or power supply, including for example the regular
charger or power supply 380, and the solar-cell powered
charger or power supply 382, can further comprise an
optional communications and/or storage unit, for storage of
data and transmission of data to and from a mobile device

being charged. Examples of components that can be incorpo-
rated include Bluetooth, Near-field Communications (NFC),
WiFi, WiMax, wireless USB, and proprietary communica-
tions capabilities, including means ofconnectingtothe Inter-
net,

Additional Applications—Inductive Charger Applications
and Kiosk

[0442] The technology described herein may also be used
for other applications. In some applications, it may be desir-
able to build the inductive (as described above) or wire free
charger or power supply into a case for an electronic device,
a briefcase,or other carrier such as a box, holder, or container

in a car or other wise. An example canbe a briefcase, hand
bag, or back pack where the bottompart or the outside surface
has an integrated charger or power supply. Any device
enabled to receive powerfrom sucha chargeror power supply
(device containing coils and the appropriate electronics to
receive power or with appropriate contacts for wire free
charging) can be placed onorinside sucha briefcase and be
charged. The charging circuitry can be powered by plugging
the briefcase, handbag, or back pack intoan outlet power or
having internal batteries that can be charged through power
from a wall plug or by themselves being inductively charged
whenthe briefcase, handbag, or backpack is placed on an
another inductive or wire [ree charger or power supply. Uses
canbe applied to any bag, container, orobjectthat can be used
to essentially charge or poweranotherdevice. This first object
canitselfbe charged or poweredthroughanoutlet directly by
wires or wirelessly through an inductive or wire free charging,
system. As an alternative, the first object (the charger or
power supply) can be powered by solar cells, Fuel cells,
mechanical methods (hand cranks, pendulums, etc.).
[0443] In all of the above case, it is possible for the func-
tions of the inductoror wire free charger or power supply and
the powersource forthe charger or powersupply (battery, fuel
cell, solar cell, etc.) to be separated. Furthermore, in some
cases, the charger or power supply part can be separated from
a portable powersourceto operateit (such as a rechargeable
battery) which is in turn powered or charged by another
source (poweroutlet, fuel cell, solar cell, mechanical source,
etc.). The three parts can be in the same enclosure or area or
separate from eachother.
[0444] An additional example may be an after market
inductiveorwire free charger or power supply for a car where
the inductive or wire free charger or power supply or pad
including a solar cell on the pad or in another area and con-
nected to the pad by wires is used to charge mobile devices.
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Such a device placed on the dashboard or tray betweenseats
or a special compartment can be used to charge a number of
devices such as phones, MP3 players, cameras, etc. Devices
such as GPSnavigation systems, radar detectors, etc. can also
be powered fromsuchadevice. In another application, mugs,
cups, or other containers with a receiver circuitry and means
ofheating or cooling the contents can be used in combination
with the inductive charger or power supply to keep the con-
tents hot or cold. A dial or buttons on the cup or container can
set the temperature. The charging device or pad can also
contain rechargeablebatteries that allow the deviceor pad to
store energy and operate in the absence ofany external power
if necessary.
[0445] Other applications ofthis technology include cloth-
ing, jackets, vests, etc. that have an integrated inductive
charger or power supply suchthat a user can poweror charge
a device by simply placing it on or near a pocket or an area
where wireless inductive poweris available. The jacket or
clothing can in turn be powered by solar cells, Fuel cells,
batteries, or other forms of energy. It can also be powered by
batteries that are recharged through solar cells sown onto the
clothing or be recharged by placing or hanging the clothing
item ona rack or location where it is recharged wirelessly or
inductively. By using inductive charging, the user does not
haveto plug in devices into individual wires and connectorsat
the appropriate jacket pocket.
[0446] In some cases, it may be desirable to build the
charger or powersupply or the secondary part (receiver for a
charger or power supply) into the protective case of another
device. For example, many products exist today thatare after-
market or optional items such as a skin or case for a music
player, phone, PDA,ornotebook computer. In one implemen-
tation, the case or skin can contain the electronics and the coil

necessary to allow the device to be charged or charge other
devices or both. The charger or power supply can be powered
by the deviceit is attached to or can receive power from a
separate source such as a solar cell, fuel cell, etc. that is
integrated with the charger or power supply or in another
location and electrically connected to the charger or power
supply. For example, in a briefcase, while the charger or
power supply is inside the briefcase and can charge devices
inside, the surface of the briefcase can have solar cells that

powerthe charger or power supply inside. The briefcase can
also contain rechargeable batteries that store power generated
by the solar cells and use them when necessary to charge
devices inside. Similarly, the charger or power supply can be
built on the outside or inside surface ofthe case and charge
devices placed onor near the surface.

[0447] It is also possible to provide a charger or power
supply with modular componentsthat allow other capabilities
to be added later or simultaneously as an option. In one
embodiment, an inductive charging pad that contains a
rechargeable battery can have a separate top surface module
or all around coveror skin that contains a solar cell array and
simultaneously electrically connect to the charger or power
supply pad to enable the battery internal to the unit to be
charged without any external powerinput.It is also possible
to have the cover or the outside skin to provide other capa-
bilities such as communications, or simply provide a different
look or texture so that the pad fits in with the user’s taste or
décor.

[0448] FIG. 61 showsanillustration of a kiosk that incor-
porates an inductive charger or power supply unit in accor-
dance with an embodiment. As shown in FIG. 61, the kiosk
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390 includes a control screen 392 and an inductive charging
pad 394, to allow individuals to walk-up and purchase an
occasional charge for their mobile device. Currently, the
usage modeloftypical mobile user consists ofcharging their
mostessential device (phone, MP3player, Bluetooth headset,
etc.) during the night orat the office or car. In cases where the
user is outside their environment for a long time such as
traveling, this may not be possible. A variety ofpublic mobile
device charging stations have appeared that allow the user to
charge their device in a public setting by paying a fee. An
inductive or wire free public charging station or kiosk would
allow the user to place their mobile device that is ‘enabled’
(i.e. has the appropriate receiver or componentsto allow it to
receive powerfromthe charger or power supply) onorin the
wire free or inductive charger or power supply station and
charge the device. The customer can pay for the service or
receive the service for free depending on the service provid-
ers’ approach. The payment can be cash, credit card, debit
card, or other methods.

[0449] In accordance with an embodiment, a single pad
with multiple stations can charge multiplicity of devices
simultaneously. The user maybe asked topay for the service
before charging a device or the service may be for free.
Alternatively, each charging station can be in a compartment
and the device is secured by a door that can only be opened
throughacode givento the device ownerwhen chargingstarts
or payment occurs. The door can also be secured by a com-
bination lock or physical key.

[0450] Alternatively, the charging station or kiosk can be
openand not physically secure but whenthe user pays forthe
service, a code is issued. The user proceeds to place their
device to be charged but when the charging ends or the user
wants to pick up the device, the code mustbe entered first. If
no code is entered, an alarm is sounded or the device is
deactivated or some other warning occurs.In this way,a thief
or the wrong user can not remove the device withoutattract-
ing attention that mayactas a deterrent. A combinationofthe
above techniques may be used in implementing a public
charging kiosk.

[0451] Since a typical charging process can take up to 30
minutes or more,it is possible to also synchronize data, down-
load songs, movies, etc. into the device during this time.
Manyofcurrent mobile devices have Bluetooth or WiFi capa-
bility. Other communication protocols such as WiMax can
increase the data rate further. By combining the charging and
information transfer process, the service provider can charge
for additional services. In addition, if a camera is being
charged and has wireless capability, it can download the
pictures or movies to a designated website oronline storage
area or be emailed to a designated email address while charg-
ing. In this way, a traveler can simultaneously charge a cam-
era while downloading the contents of its memory to a loca-
tion with larger memory. This would enable the traveler to
free up limited memory space intheir camera or other mobile
device. Such a service would enable devicesthat have limited

or short range wireless communication capabilities (such as
mobile phones, MP3 players, cameras, etc.) to be able to
connect to the internet and send or receive data indirectly. It is
important to recognize that without the charging capability, a
device conducting such downloading or synchronization
through an intermediate device (Bluetoothto internet gate-
way for example) often run out ofpowerdue to the length of
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time this takes. In this manner the charging capability of the
kiosk enables a more effective operation.

Additional Applications
and Kiosk

[0452] With increased functionality in mobile devices,
there is an ever-increasing focus on maximizing the battery
life. Currently, the rate of increase of power usage continues
to outpace new and improvedbattery technologies. Given the
desire to minimize mobile device size, the battery power
limitation has required some mobile device manufacturers to
begin shipping mobile devices with several batteries and a
desktop charger to keep all of those batteries regularly
charged. The user is sometimes expected to change the bat-
teries for the device during the day while using the device.
Sucha situationis not ideal and puts the burdenontheuser to
carry multiple batteries, and to keep those batteries charged.
[0453] Methods for extending the battery life in mobile
devices, but whichdo not greatly increase the size and weight
of the mobile device, are extremely useful for new power
hungry enhanced multi-media mobile devices. By way of
example, one solution that has been proposed is described in
U.S. Pat. No. 6,184,654. However, such a technique and
geometry is incompatible with the variety of mobile devices
and connectors in use today, and requires the userto plug the
device into a connector inside the holster while fastening it to
hold it securely.

[0454] Described hereinis a system and methodfor extend-
ing the battery life ofmobile devices by integrating a wireless
charger into the case, carrier, or holster for the device. The
system and method has the advantage of keeping the size and
weight of the mobile device low while enabling the user to
automatically recharge the device when placed in the case
thereby dramatically increasing the device runtime.

[0455] In one embodiment, the case recharges the mobile
device inductively, and canitselfbe recharged by an inductive
base charger. Various embodiments including additional inte-
grated functionality such as data storage and communication
in the case are also described herein.

[0456] FIG. 62 illustrates some common regular (non-
charger) mobile phone holders types, including a belt holder
1000 and case 1002.

Inductive Charger Applications

Powering Mobile Devices and Inductive Charging Case

[0457] Mobile devices continue to converge and to com-
bine multiple functions and protocols into ever-smaller pack-
ages. While mobile TV, radio, high resolution cameras, GPS,
ete. are becoming standard in many mobile phones, the power
usage of the devices continues to rise. One solution that has
been applied to several devicesis the use of external battery
packs.

[0458] FIG. 63 illustrates various products for a music
player, (e.g. an iPod or MP3 player) that include an external
rechargeable battery pack.

[0459] As shown in, the external battery pack provides
extra running powerfor the device whenitis plugged into the
music device and clipped to its back, by providing power
throughthe battery pack’s internal higher capacity batteries.
However, this battery pack is expected to remain connected to
the device at all times and increases the size and weight of the
device considerably. This is very undesirable from the cus-
tomerperspective and inhibits mobility/use and adoption.
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[0460] In accordance with embodiments of an embodi-
ment, the battery power ofthe mobile device is extended by
providing a holster, case, pouch, bag, wallet, or an equivalent
holding, carrying, or storage device (which for convenience
are herein referred to as a “case’’) for the mobile device(e.g.
mobile phone, Bluetooth headset, camera, laptop, PDA, MP3
player, gameplayer, etc.). The case can incorporate one or
more rechargeable batteries, and one or more inductive
charger or powersupplies. A mobile device can be ‘enabled’
to receive powerinductively by providing a receiver (such as
a coil, etc.), and circuitry integrated by the manufacturer, or
by a battery with a built-in receiver, or by a plug-in unit to
receive power,etc. A suitably enabled device canthus receive
power whenplaced in the case. In accordance with some
embodiments, the case can also include meansofrecognition
of the device automatically by, for example, RFID, Felica,
detection ofcoil from changein the case’s coil’s induction, or
by verification using proprietary techniques, etc. In some
embodiments, the system or coil can be enabled to turn on
automatically as necessary and to begin charging the device.
Alternatively, the case and/or coils can turn on whena device
is placed init by sensing the presence of a device through a
magnetic, mechanical, or other form ofswitch. Alternatively,
the case can include a mechanical or sensory switch that must
be manually activated by a user to begin charging the device.
[0461] Inaccordance with some embodiments, the case can
accommodate more than one device. For example, the case
can includea locationfor a Bluetooth headset and a mobile

phone. Either or both of these devices can be inductively
charged by the case whenplacedinside the case. This enables
the user to have a simple way to carry both parts or devices
together, and to extend the battery capacity of both without
needing themto be any larger, thus providing great advan-
tages for the consumer.
[0462] In accordance with an embodiment, the batteries
inside the inductive charger case can themselves be charged
by either a regular charger/power supply, or through another
inductive charger or power supply. For example, a desktop
inductive charger can charge the inductive charger case, and
simultaneously charge the mobile devices (mobile phone,
Bluetooth headset, camera, etc.) or battery. Alternatively, the
desktop charger or power supply or base can be designed so
that it can also charge the mobile device directly when the
device is placed onit (without any case present). As described
above, the inductive case can also be designed so thatit will
chargeits internal batteries, and the devices inside, whenit is
connected to a regular power supply/charger.
[0463] Some embodiments of the case can include data
storage, communication or other capabilities (for example,
GPS,WiFi, etc.).
[0464] FIG. 64 illustrates a multi-function device that
includes a hard drive, rechargeable battery, Bluetooth, and
WiFi connectivity.
[0465] Typical multi-function devices such as that shownin
FIG. 64 are of the size of a credit card and about 10 mm in

thickness. The multifunction device allows a mobile phone
user to store the majority of their digital data (pictures, mov-
ies, music, etc.), and to have that data available wirelessly on
their mobile devices. The mobile phone and multifunction
device can also connectwirelessly to a computerorlaptop, for
download or upload ofinformation.
[0466] In accordance with an embodiment, a multifunction
device suchas that shownin FIG.3 canbe integrated into the
case, and can have a wireless charger or power supply built
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into it. Once a mobile device is placed into the case or on the
modified multifunction device, it can establish communica-
tion, and/or can be charged simultaneously. Since a typical
multifunction device already has internal rechargeable bat-
teries, the same batteries can be used to powerthe charger for
the mobile device. The multifunction device case can also be

charged wirelessly (using an inductive charger or power sup-
ply pad orsimilar device), or through conventional means.
[0467] In other embodiments, the wireless charger or
power supply case canbe integrated into a compartmentina
briefcase, handbag, backpack, carrier, clothing, automobile,
airplane, or other transport vehicle, etc. Some of these are
applications are described 1nfurther detail in copending U.S.
patent application titled “INDUCTIVE POWER SOURCE
AND CHARGING SYSTEM”,application Ser. No. 11/669,
113, incorporated herein by reference.

[0468] FIG. 65 illustrates a system for use with a charger or
power supply case to inductively power or charge a mobile
device. As shown therein, an inductive charger or power
supply base or pad charges a case, holster, or other small,
portable charger that in turn can charge or power a mobile
device or battery placed in proximity to it. The second part
(charger case) can be a stand-alone device or be integrated
into another device, as in the case of the multifunction device
example described above. In other embodiments, the charger
or power supply case can be charged or powered through a
conventional, wired charger or power supply. In accordance
with an embodiment, the system comprises:

[0469] Inductive Charger or Power Supply Base: In accor-
dance with an embodiment, this part can be a stand-alone
charger or power supply or desktop charger or power supply
that comprises a Field Effect Transistor (FET) that periodi-
cally turns the current through a coil on and off. In one
embodiment, fora typical 9 turn PCBcoil with 1" diameter, a
drive frequency of 1-2 MHzis ideal, and the powertransfer
efficiency is increased whena capacitor of appropriate value
is placed in parallel with the FET. Whenthe circuit is driven
al a resonant frequency, the amount of current through the
FET canvary greatly by proximity ofanother coil (L2) to L1.
To allowthe system to operate automatically, a current sens-
ing system can be used to sense the secondary (L2) being in
close proximity to the primary (L.1). In other embodiments, a
separate circuit for positive identification of a device to be
charged being in proximity can be integrated. These can
include wireless identification systems such as RFID,Felica,
Bluetooth, WiFi, WiMax, etc. In another embodiment, the
systemofthe charger or power supply case can be designed so
that a chip in the charger or power supply case (near L2)
senses an input voltage and modulates the current through L2
in a pre-programmed manner. This results in a modulation in
the current in L1 that can be sensed with the current sensor

and positivelyidentifies the charger or powersupply case and
initiates powertransfer and operation if the pattern matches a
pre-stored pattern for verification. In some embodiments, the
inductive charger or power supply base can havethe shape of
a formedpiecethat the inductive case would fit into, ora pad
for placementofthe inductive case and/or mobile devices or
both,

[0470] Inductive case: In accordance with an embodiment,
the case has meansfor receipt ofpower inductively (from the
charger or power supply base) and charging another device
(or number ofdevices) inductively, Alternatively, it may be
possible for the case to be designedsothatit operates by being
charged or powered directly by a wired powersupply/charger.
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The case has a receiver part that is connected to a battery
charger circuit that charges one or more internal batteries and
simultaneously, can also operatethe circuitry in the chargeror
power supply case to charge a nearby mobile device or bat-
tery. The case has charger or powersupply circuitry similar to
the charger or power supply base that can be powered by its
internal battery or the power from the charger or power supply
base. The case can in turn recognize a nearby mobile device
automatically or through mechanical or other means as
described earlier and commence charging when a mobile
device is placedinor near the case/holster. In another embodi-
ment, the charger or power supply case may contain twoor
more charger or powersupply sections so that several devices
in the case (e.g. mobile phone and a headset) can be charged
simultaneously. As described earlier, the circuitry/functions
described here can be integrated into a device that also
extends the functionality to storage, WiFi or Bluetooth con-
nectivity, etc. In one embodiment, the batteries in the charger
or powersupply case are identical to the batteries used in the
mobile device and are removable. In this case, the user may
exchange the batteries between the charger or power supply
case and the mobile device (such as a mobile phone) in an
emergency to allow quick use of the mobile device without
waiting for the charging of the mobile device to occur. This
can provide an additional desirable feature for the user.
[0471] Mobile Device Receiver: In accordance with an
embodiment, the mobile receiver part comprises a coil and
circuitry that canbeeither integrated into a mobile device by
the manufacturer(i.e. an OEM),integrated into a battery that
can be swapped withthe original battery to enable a mobile
device to receive powerinductively, or provided as a plug in
unit that plugsinto the existing powerjack ofa device and has
the coil and the circuitry to enable the device to receive power
inductively. Alternatively, the receiver can be built into a
jacketor skinfor a device that plugs into the device and allows
the device to become ‘enabled’. Variations of these are

described in further detail in copending U.S. patent applica-
tiontitled “INDUCTIVE POWER SOURCE AND CHARG-

ING SYSTEM”; application Ser. No. 11/669,113. The above-
referenced patent application also describes the use of
attracting magnetsplaced at the center ofan inductive charger
or power supply’s PCBcoil, and the centerofthe receive coil,
to align and center the two parts conveniently. Such tech-
niques can be used in the base to case coil alignment, or the
case to mobile device alignment or both. In addition, the
alignment can be achieved through visual or mechanical
marks, indentation, or mechanical design of the parts to
enable easy alignment.

Heat Reduction and Dissipation

[0472] Inorder to generate the magnetic field for an induc-
tive charger and/or power supply, a coil made of wires or
printed on PCB is typically used. Such a coil can be in a
simple way, modeled by an inductive and resistive element in
series. The resistance of the coil can be estimated by using the
dimensions of the wire or PCBtrace, its length, and the
resistivity of the material used (such as copper). At higher
frequencies, the resistance increases due to the skin effect
whereby the electrical current travels near the surface of the
wire or trace rather than throughoutits cross section, thereby
decreasing the wire’s or trace’s effective cross section. In
order to obtain reasonable inductive values, several turns of

wire or PCBtrace are necessary.
[0473] For example, ina PCBspiral coil of 1.25" diameter,
about 10 turns are necessary for a 1 micro Henry inductance
value. To design a high efficiency inductive powertransfer

Apr. 16, 2009

coil, the resistivity of the coil must be minimized while the
resulting induction is kept at desired levels. It must be noted
that any heat generated at the coil will increase the resistivity
of the coil material in turn leading to higher heat generation
and temperature increase. ‘To avoid this positive feedback for
heat generation, the main methods for reduction of tempera-
ture at the inductive coil include reduction ofheat generated
and dispersal of heat away fromthe coil.
[0474] In addition, electronic devices generally need to
satisfy regulatory and safety requirements whichinclude the
requirement not to interfere with the operation of nearby
devices. For an inductive charger and/or power supply that
creates a time varying magnetic field to transfer energy to a
receiver, care must be takento keep the level of interference to
below allowed limits.

[0475] In general, the magnetic created by a small coil (~1"
diameter) of several turns whenit is driven by an electrical
voltage at around 1 MHz, does not radiate more than several
mm beyondthe coil and is confined to the nearfield. To reduce
the effect of such radiation (for example, as provided in Near
Field Power™ radiation devices) at higher frequencies,
whichare of bigger concern for most devices, the driving
voltage of the circuit must be made to have weaker higher
harmonics.

[0476] Another concernfor generation of Electromagnetic
Interference (EMI) ts the electronic circuitry and switching
Field Effect Transistor (FET) incorporated in the circuit. Such
components can be additional noise sources. Described
herein are some waysofreducing the effect of above EMIsources.

[0477] Another importantfactor in efficient operation ofan
inductive charger/power supply is the alignment of the
charger/powersupply coil and the receiver coil in the device
to be charged/powered. Various methodsofalignmentof the
coils using magnets have been described in prior applications.
In addition, also described are the use of moving coils and
other methods by whichseveral coils or clusters of coils can
be used to provide position tolerance betweenthe coils for
efficient powertransfer.
[0478] In accordance with an embodiment, to reduce the
temperature increase at the inductive coil, several methods
canbe used.

[0479] In accordance with an embodiment, the coil can be
optimized by using the minimumnumberofturns necessary
thereby decreasing the length and resistance ofthe coil. The
diameter, thickness, or width of the wire or PCB trace can be
optimized to provide optimumresistance.
[0480] For coils such as PCB coils discussed above, the
magneticfield createdis strong inside the coil, and drops very
rapidlyasthe radial distance to the center of the coil exceeds
the radius of the coil. This dependence canbe verified using
electromagnetic modeling (such as described in Xun Liu;
Hui, S. Y., Optimal Design ofa Hybrid Winding Structure for
Planar Contactless Battery Charging Platform, IEEE Trans-
actions on Power Electronics, Volume 23, Issue 1, January
2008 Page(s): 455-463), and also by experimental means. The
heat generated at the coil canbe dispersed away from the coil
by use of high heat conductivity PCB substrates or material
for the coils. Since the magnetic field is minimal in the area
outside the coil, use ofhigh conductivity metal layers will not
havealarge effect on the field and will not create undesirable
eddy currents. Therefore, the surface ofthe area surrounding
the coil can be designed to have metal or other material that
have high heat conductivity and remove the generated heat
rapidly.
[0481] FIG. 66 is anillustration that shows a geometry for
an arrangement 1030 in which the area surrounding a PCB
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coil is designed to have metal on the top, bottom or another
layer of the PCB. As shownin FIG.66, the area surrounding
a PCB coil is designed to have metal on the top, bottom or
another layer of the PCB. The metal pattern can be incorpo-
rated at the samelayerasthe coil or a separate PCBlayer. This
metal layer can be continuous or have a gap in one area to
avoid generationofeddy currents due to circulating electrons
due to magnetic fields generated by the coil. Ina typical PCB,
the coil and the metal layer are made of copper. In this man-
ner, any heat generatedat the coil is dispersed laterally rapidly
and thus does not result in large temperature increase. In
accordance with an embodiment, such a PCBcan beitselfthe

top layer of an inductive charger in which case, any heat
carried away by the metal layer can be additionally evapo-
rated to the surrounding environment. Alternatively, the heat
canbe further dispersed by removal to another area or surface
or use ofelements suchasfinsorslits. Similarly, the receiver
coil and the circuitry for receiving power that is integrated
into a device, battery, outside carrier ofan electronics device,
etc. can have a similar geometry to enable dispersal ofheat
generated.
[0482] In accordance with an embodiment, for typical
applications with a PCB, the metal layer can be made from
copper material similar to that of the PCB coil itself, and it is
desired to have sufficient thickness to provide a low thermal
conductivitypath for the heat. For example, a copperlayer of
several microns or even 10s of micrometers can be used.

[0483] Any such high thermal conductivity or metal layer
may begin at the edge of the PCB coil or witha gap to the PCB
coil. Since the layer is not covering the PCBcoil, it may not
cause eddy current loss inthe layer. In those instances that
eddy currents are generated, a gap in the metal layer as shown
in FIG. 66 can be used to reduce the effect of circulating
currents, and reduce the resultant heating and powerdraw.In
accordance with an embodimenta metal layer can be used on
top of the coil (with a thin non-conducting layer or dielectric
in between) ifits thickness is small. For example, in previous
applications as referenced above, the use of a thin layer of
metal (several micrometers) on top of a PCB coil was
described to act as an EMIshield for high frequencies while
transmitting low (around 1 MHz and below) frequencies of
the inductive charger. Such a layer may also be used in addi-
tion to the metal layer surrounding the coil to facilitate heat
dispersal.
[0484] FIG. 67 is an illustration that shows. in a multi-
charger or power supply where multiple coils are used, such
a high heat conductivity layer 1040 may be repeated around
each coil or coverall areas between the multiplecoils.
[0485] FIG. 68 is an illustration that shows a similar
method may be used for heat removal from wound coils of
other shape and type 1050, 1056. In accordance with the
geometry ofthis embodiment,to facilitate heat removal from
acoil that may be a wound coil around a core, the coil may be
attached to a high heat conductivity layer or a metal layer. In
the case of a metal layer, such a layer can be designed to be in
the area surrounding the outside of the coil to avoid interfer-
ence with the field generated inside the coil. Similarly, to
avoid eddy currents, the metal layer or the core of the wound
coil or both canhavea gap or discontinuousportion to reduce
circulating currents.
[0486] Inabove examples, a metal orhigh heat conductivity
layer has been shown. FIG. 69 showsanillustration of an
embodiment 1060 in which the layer can be patterned to
provide heat conductivity channels rather than a continuous
layerif needed.
[0487] In accordance with any of the above geometries,
additional means of heat removal such as use offins, fans,
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additional surfaces, heat pipes, thermal grease, thermally
conductive epoxies, etc. can be incorporatedto facilitate heat
removal. In addition, it is possible to incorporate heat con-
ducting layers, such as ceramics or polymers can be incorpo-
rated below or above the main PCBtohelp in heat removal.
[0488] In the above discussion, round shape coils are gen-
erally shown. It will be evident that the techniques described
herein are applicable to coils of other shape or multiple coils
in a cluster or separated to power or charge separate devices.
In many instances, the increase of the temperature at the
center of a PCBcoilis largest. To removethis heat, in accor-
dance with an embodiment the surface of the charger or a
layer behind the coil that contains high heat conductivity
material can be used to disperse the generated heat laterally.
Anexample ofsucha layer is ceramic material. High alumina
ceramics can provide high heat conductivity and low electri-
cal conductivity, which characteristics are importantfor this
application.
Reduction ofEMI from Inductive Chargerand/or Power Sup-
ply
[0489] An advantage of the metal layers discussed above is
that any EMI generated inside the inductive charger or power
supply will be greatly shielded fromthe outside and will be
attenuated outside the charger or power supply device by the
metal layer.
[0490] Additionally, in the above geometries, the metal
layer on the top layer can be madeto contact electrically to
other metal layers on the side and/or bottomof the charger
and/or powersupply, thereby forming a box or other enclosed
shape where only the coil is not covered by metal. Such an
enclosure will greatly attenuate EMI fromthe switching elec-
tronicsor otherparts in the charger. To reduce the effect ofthe
potential eddy currents generated in the metal box due to the
magneticfield, in some embodimentsit is useful to eliminate
use of metal directly below the coil area where magnetic
fields may exist. In addition, to avoid generation of eddy
currents in the walls of the metal box or similar outside
surface, the wall can be cut in one or more location so that a

continuous metal circuit or ring is not formed, and does not
allowthe electronsto circle unimpeded. This gap can befilled
with a non-conductive material to providerigidity.
[0491] Inthe geometries shown above,it is possible to use
a PCB whereby the coil is formedin onearea and the elec-
tronics is on the same PCB.In accordance with an embodi-

ment, to provide shielding and heat dissipation discussed
above,the metal layer around the coil may be inalayer on top
(closer to the outside surface) of the PCB. For example, the
coil may be formed on the top layer ofthe PCB along with the
heat dissipation and/or EMI shield layer and the PCBelec-
tronic components may be on the bottom layer of the PCB.
Alternatively, the metal layer can be in a separate layer in the
middle or even the bottom layer with the PCB electronic
components. However, the EMI shielding effects from the
electronics components will be reduced if the metal layer
surrounds the electronics area and does not provide an elec-
trical barrier directly aboveit.
[0492] FIG. 70 showsanillustration of the electronics for
the PCB coil inductive charger and/or power supply or the
inductive receiveras fabricated on the same PCB as the coil in
accordance with various embodiments 1070, 1076. The elec-

tronics in this case may be at the bottomlayer, while the coil
and the metal layer surrounding the coil are on the top layer
and shield any electronic noise generated by the electronics
fromthe outside.

[0493] Any ofthe shapes and geometries discussed above
are equally appropriate for incorporation into the charger
and/or powersupply coil or the receiver coil andfor dispersal
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of heat and reduction of EMI from a device to be charged/
powered inductively as well as the coil in the charger/power
supply itself.

Magnetic Alignment ofCoils

[0494] In accordance with an embodiment, to enableeffi-
cient power transfer in an inductive charger and/or power
supply, the coils in the charger and/or power supply and the
receiver must generally be aligned with on another.
[0495] FIG. 71 shows an embodiment 1080 in which mag-
nets placed at the center of a stationary coil or a moving,
floating charger and/orpower supply coil and the receiver coil
can provide a methodfor alignmentofthe coils and to achieve
this result.

[9496] A problem with this methodis that, since the mag-
netic material is composed of electrically conductive mate-
rial, eddy currents can be generated whenthecoils are oper-
ated to generate a time-varying magnetic field. This can cause
lost power, and can also cause heating in the magnets which
is not beneficial.

[0497] To address this problem, FIG. 72 illustrates an
embodiment 1090 in which two or more magnets that do not
cross the center of the coil are used. This geometry reduces
the eddy currents created greatly. In accordance with an
embodiment, the system canusean alternative magnet geom-
etry that provides a simple and inexpensive methodfor align-
ment ofcoils. In addition, this method provides for a consid-
erable amountof alignment tolerance whenplacing a device
on the charger and/or power supply.
[0498] To provide alignment magnets that will not draw
current due to eddy currents created in them when a magnetic
field is applied, in accordance with an embodiment the mag-
nets are placed outside the PCB coil area.
[0499] FIG. 73 is anillustration of two embodiments 1094,
1098 that shows how the magnets may be placed outside the
PCBcoil area. The magnet shownin FIG. 73 comprises a ring
that surrounds the coil or overlaps each coil such thatlittle
effect on eddy current generation or loss is created. If any
eddy current effects are observed, then in accordance with an
embodiment gaps canbe inserted in the magnet ring by cut-
ting after manufacture or by inserting this separation during
manufacture. In this manner the eddy currents can be signifi-
cantly reduced oreliminated. The magnet in the case shownis
magnetized perpendicular to the surface of the ring. By
attaching one magnet to around the charger and/or power
supply coil and another magnet with opposingpolarity to the
receiver coil, the twocoils caneasily be aligned with minimal
effort by the user.
[0500] In addition, the use of a ring has the advantage of
allowing circularly symmetric operation so that the twocoils
can be rotated with respect to each other with no effect on
charger/power supply operationorefficiency.
[0501] A typical geometry for the charger/power supply
can comprise the PCB shownin FIG. 8 suchthat the coil can
be fabricated onthe top surface of the PCB, and the magnetic
ring is attached to the bottom side of the PCB where the
electronics may be located. A similar receiver can have a
magnet attached with opposing polarity so that when the
receiveris brought close to the charger/powersupply, the two
magnets can attract and pull the coils into alignment. With
this geometry, the magneticfield ofthe coils create attraction
and alignmentas long asthe coils have any overlap.
[0502] For example for coils of 1.25" outside diameter and
using ring magnets of 1.25" inner diameter, as long as the
centers ofthe coils are less than 1.25" awaylaterally, the coils
can be brought into alignment when the two magnets are
vertically (distance in the axis perpendicular to the plane of

Apr. 16, 2009

the coil) brought close enoughto allow the magnetic fields to
sense eachother, Thusin this case, ifthe user brings the center
ofthe receiver coil to be within a circle of 1.25"radius ofthe

center of the charger/powersupply coil, the coils canattract
and provide automatic alignmentofthe parts.
[0503] For most applications, this amount of alignment
toleranceis sufficient. By using marksto outline the location
for the coil onthe surface, this degree of tolerance allows the
user to placea device or battery incorporating the receivercoil
very easily into the right location.
[0504] Examples ofmagnets that can be used include those
manufactured from various magnetic material such as
Neodymium Iron Boron, Samarium Cobalt, AINiCo, ceram-
ics, bonded magnetic material, etc. The magnetic strength can
be designed to provide alignment or secure attachment with-
out being too strong ordifficult for separation.
[0505] Alternatively, the coils can be manufactured on the
lowersurface close to the magnet and the electronics orcan be
manufactured on another layer in between. Various geom-
etries are possible. In any case, the magnets can be used to
align the two coils for optimumoperation.
[0506] In above description, ring shaped magnets are
described. However, in manycases, size and spacing require-
ments may require use ofa different geometry.
[0507] FIG. 74 shows an embodiment 1100 in which mag-
netic arc shaped parts around a circular coil are used. This
case may be combined with the matching magnetonthe other
coil having the same shapeor a ring shapesimilar to FIG. 73.
For example, in a mobile battery application where the bat-
tery with an integrated inductive receiver is charged by place-
ment on an inductive charger pad, the size of the coil deter-
mines the received power and may require the width of the
battery to be equal or similar to the receiver coil. To allow
attachment of alignment magnets, twoarcs as shownin FIG.
9 can be attached to the coil. In this case, the magnets can be
placed in between the battery and the coil PCB to allow the
coil to be on the top surface and therefore closest to the
charger coil. The matching magnetin the charger can bea ring
or a similar set of ares or another shapeorsize to facilitate
alignment. If a ring is used behind the charger coil, then
central symmetry between the two parts is retained and the
parts can be rotated with respect to each other while keeping
alignment for optimum operation.
[0508] Other geometries are possible. Forexample, FIG. 75
illustrates embodiments 1120, 1126 in which the use of bar
magnets on oraroundthe coil is shown. Sucha geometry does
not have the symmetry offered by a ring magnet. However,
this may be useful ifonly one dimensionofalignmentinsen-
sitivity is desired.
[0509] In any ofthe above geometries, use of two magnets
with opposing polarity to attract each other ts described.
However, in accordance with some embodimentsit is prefer-
able for one ofthe parts to be non-magnetized. This may be
advantageous in cases whereit is not desirable for the mobile
device to attract metallic parts when not being charged or
powered by the inductive charger/power supply. An example
may be a mobile phone where it is not desirable for the phone
to attract metallic objects during normaluse. In this case, the
charger and/or powersupply can contain a magnetized part
and the other matching part in the mobile device/battery, can
be made of appropriate magnetic material but not magne-
tized. For example, the charger/power supply may contain a
magnetized ring as described above and a mobile phone can
have a matching ring or arc made ofmagnetic material but not
magnetized.
[0510] In addition, it is possible for the charger and/or
powersupply magnet tobe activated electrically and be nor-
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mally non-magnetized. For example, a wire winding or PCB
trace is placed aroundthe perimeter of the powertransfer coil
and powered to create a DC magnetic field for alignment of
the twocoils for powertransfer/charging.In this way, neither
of the two alignment parts need to be normally magnetized
and therefore eliminate any concerns regarding unintended
attraction ofmetallic objects or effects on magnetically sen-
sitive parts suchas credit cards, etc.The generated magnetic
field can be further strengthened by using a non-magnetized
magnetic material on or nearthe alignment trace area.
[0511] As an example, a circular path around the main
charger/power supply PCB coil can be powered by a DC
current periodically or whena user desires to charge or power
a mobile device. This can be doneby the user or can also be
activated automatically by a sensor that senses the approach
of an appropriate device to be charged or powered through
RF, optical, magnetic, or other methods. Once the magnetic
field (suchas a ring pattern as described above), is generated
it will attract and align a magnetic metal part or magnet of
appropriate shape in the mobile device or battery into the
correct alignment and placement and help the user place the
mobile device in the correct position. Once the device is
placed in the right location, the DC magnetic field may no
longer be necessary and can be shut downor reduced to save
power. Thus only fora very brief period this alignment mag-
net may be needed. During other times, neither the charger
and/or power supply or the mobile device can be designed to
have any magneticfield around them or contain weaker mag-
nets.

[0512] The use of magnets as described aboveis especially
useful for cases where movement between the powersupply
and/or charger and the device or battery to be charged or
powered may occur. As an example, in an automobile envi-
ronment, it is desirable to keep a mobile device such as a
phone from moving during charging. Thus the use of the
magnets described above, in addition to the above benefits,
can enable use in moving environments. In addition, in some
cases, it may be beneficial to have the charger and/or power
supply in a position that is not horizontal. For example, a
charger can be installed vertically. In this case, the magnets
can be designedto be strong enoughto hold the mobile device
or battery in place vertically during the charging or powering
process.

[0513] In any of the above geometries, 1f any additional
eddy currents are generated as a result ofthe presence ofthe
magnets, the effect can be minimized by fabricating the coil
from lowelectrical conductivity materials or ceramics, lay-
ering the magnetinto thin sheets to increaseresistivity, using
bonded material in an epoxy matrix, roughing the surface,
cutting gaps in the material to reduce circular motion of
electrons, or other common techniques to increasethe resis-
tivity. The magnet can also be manufactured from segments
that are notelectrically connected to prevent electrons to be
able to travel around a circular path. For example, the ring
magnet can be manufactured, formed or attached to the coils
fromtwoorfourring arcs that are notelectrically in contact
or attached to each other, using a non-conducting epoxy to
form a full ring, or parts ofa ring.
[0514] In addition, the coils shown above are generally
circular. However, the methods and discussion above can be

applied to coils of any shape and size as well as an array or
cluster ofcoils and can providein performance ofanysize and
type ofcoil.

[0515] The foregoing description of an embodiment has
been provided for the purposesofillustration and description.
It is not intended to be exhaustive or to limit an embodiment

to the precise forms disclosed. The embodiments were chosen
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and described in order to best explain the principles of an
embodiment and its practical application, thereby enabling
others skilled in the art to understand an embodiment for
various embodiments and with various modifications that are

suited to the particular use contemplated. It is intended that
the scope of an embodiment be defined by the following
claims and their equivalence.
[0516] Some aspects of an embodiment may be conve-
niently implemented using a conventional general purpose or
a specialized digital computer, microprocessor, or electronic
circuitry programmed according to the teachings of the
present disclosure. Appropriate software coding can readily
be prepared by skilled programmers and circuit designers
based on the teachings of the present disclosure, as will be
apparent to those skilled in the art.
[0517] In some embodiments, an embodiment includes a
computer program product whichis a storage medium (me-
dia) having instructions stored thereon/in which can be used
to program a computer to perform any of the processes ofan
embodiment. The storage medium can include, but is not
limited to, any type of disk including floppy disks, optical
discs, DVD, CD-ROMs, microdrive, and magneto-optical
disks, ROMs, RAMs, EPROMs, EEPROMs, DRAMs,

VRAMs, flash memory devices, magnetic or optical cards,
nanosystems(including molecular memory ICs), or any type
of media or device suitable for storing instructions and/or
data.

[0518] The foregoing description of an embodiment has
been provided for the purposesofillustration and description.
It is not intended to be exhaustive or to limit an embodiment

to the precise forms disclosed. Many modificationsand varia-
tions will be apparent to the practitioner skilled in theart.
Particularly, while the embodiments ofthe systems and meth-
ods described above are described in the context of charging
pads, it will be evidentthat the system and methods may be
used with other types ofcharger or powersupplies. Similarly,
while the embodiments described above are described in the

context ofcharging mobile devices, other types ofdevices can
be used. The embodiments were chosen and described in

order to best explainthe principles of an embodimentandits
practical application, thereby enabling others skilled in the art
to understand an embodiment for various embodiments and

with various modificationsthat are suitedto the particular use
contemplated.It is intended that the scope ofan embodiment
be defined by the following claims and their equivalence.

Whatis claimedis:

1. A system for inductive powering and charging ofpor-
table devices or batteries, comprising:

a base unit, including one or more primary coils composed
of a non-ferrite material and shaped as planar spiral
coils, which are capable of generating an inductive
energy for use in powering or charging multiple devices
or batteries simultaneously;

a receiver unit, including a receiver coil also composed of
a non-ferrite material and shaped as a planar spiral coil,
which is coupled to or incorporated into a portable
device or battery, wherein the secondary coil receives
energy inductively from the primary coil and uses it to
charge or powerthe portable device or battery;

means within the baseunitfor allowing a degree ofposition
independenceofthe devices or batteries on the base unit
and selectively activating the one or more primarycoils;
and

whereinthe base unit can simultaneously charge or power
additional portable devices or batteries with additional
secondary coils.
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2. The system ofclaim 1, wherein the charger or power
supply includes a plurality ofcoils, and wherein the means for
selective charging or powering is used to contro] the on off
operation of the coils in the vicinity of the portable device or
battery.

3. The system of claim 1, wherein the charger and a
receiver in the device or battery both include microcontroller
units, wherein the microcontroller unit in the charger moni-
tors current flow, and wherein the microcontroller unit in the
portable device or battery provides communication between
the charger andthe receiver for use in controlling charging.

4. The system of claim 1, wherein the charger or power
supply includes an additional verification step prior to acti-
vating charging, to verify the identity or permissions ofa
device or battery.

5. The system of claim 1, wherein a plurality of coils are
integrated into a pad-like charger or power supply and
wherein the coils are used to form a coil mosaic and an

effective area ofcharging or powerthat does not cover more
than appromximately 90% of pad surface.

6. The system ofclaim 1, wherein eachofthe plurality of
coils are driven by an individualdrive circuit to provide power
to each coil and to selectively activate one or morecoils.

7. The system of claim 1, wherein one or more coils
includes a switch component, and wherein the microcontrol-
ler unit periodically starts the switch components, monitors
the current therein, and uses the current to sense the proximity
of a receiver and device or battery to that coil, and activate
charging in that coil, or a selection ofcoils in that region.

8. The system of claim 1, wherein a plurality of layers of
coils are layered uponone anotherto create an effective area,
andso that powering any one ora selection ofthe coils allows
a receiver whose center is within the effective area to be

charged.
9. A mobile device capableofbeing inductively powered or

charged comprising:
a battery; and
a receiver for one of inductively powering the device or

charging the battery in the mobile device, and wherein
the receiver is one ofattachedto or incorporated into the
battery or the mobile device.

10. The mobile device charger or power supply ofclaim 9,
whereinthe coils or wires are formed within a printed circuit
board PCB layer ofat least two different sizes or shapes.

11. The mobile device charger or power supply of claim 9,
wherein the charger or the power supply, and the mobile
device, communicate with each other to transfer data.

12. The mobile device charger or powersupply of claim 9,
whereinthe datatransfer includes informationaboutthe pres-
ence of the mobile device adjacent to the charger or power
supply and/or wherein the charger or power supply stores
charging or power requirements formobile devices which can
be charged or powered by the charger or power supply.
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13. A system for use with a mobile device or battery for
charging or powering the mobile device or battery induc-
tively, comprising:

a base unit including one or more primary coils therein, the
primary coil having a generally planar shape so that
when a current is passed through the primary coil a
magnetic field is generated in a direction substantially
perpendicularto the plane ofthe primary coil; and

wherein the perpendicular magnetic field inductively gen-
erates a current in a matching receiver coil or coils
within a mobile device or battery placed close to and
aligned with the base unit, to charge or powerthe mobile
device or battery.

14. The system ofclaim 13 wherein one ormore of the coils
are manufactured on printed circuit boards and are manufac-
tured to havea low resistance.

15. The system of claim 13 further comprising a battery
coupled to and powering the base unit, and wherein the bat-
tery can be occasionally charged by an external power supply
to maintain a charge sufficient to power the inductive charger
or powersupply device for a period oftime.

16. The system of claim 13 further comprising one ofa
solar cell coupled to a battery in the base unit, for charging the
battery in the baseunit; a data storage componentfor storage
ofdata, for subsequent transmission ofdata to or from the
mobile device; or a cover surface of the base unit or pad
includes a decorative or non-slip surface.

17. The system ofclaim 13, whereinaplurality ofmodular
chargers or power supplies can be interconnected to form a
single unit.

18. The systemofclaim 13, wherein the mobile device to
be charged or powered includes a charging circuit having a
Zener diode, wherein the Zener diode clamps the voltage to
the mobile device or battery to a predetermined maximum
voltage, and a switch means that includes a MOSFETand the
circuit includes a capacitor connected inparallel to the source
to drain terminals of the MOSFET, and whereinthe alternat-
ing switching in the primary coil is automatically started by
the MOSFETwhenthe base unit detects a mobile device or

battery placed close to or aligned withthe primary coil.

19. The system of claim 13, further comprising means
within the base unit for providing control regulation, and/or
verification of the powercharging and/or powering, including
aswitch meansfor adjusting and/orcontrolling the powerinto
the coils under different load conditions, to maintain high
efficiency during different load conditionsor charging stages.

20. The system of claim 19, wherein the switch meansis a
zero voltage crossing or zero current crossing switch geom-
etry, and wherein the controlling of output power is be
achieved by changing the frequency ofthe operation.

a a a a
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