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SYSTEMS FOR INDUCTIVE CHARGING OF connector to the device . The power supply can then be 
PORTABLE DEVICES THAT INCLUDE A disconnected , and the device will continue to run for a short 
FREQUENCY - DEPENDENT SHIELD FOR period of time until the battery is depleted . The voltage and 
REDUCTION OF ELECTROMAGNETIC power requirements of the different devices vary , and to date 
INTERFERENCE AND HEAT DURING 5 there is currently no standardized connector for the devices . 

INDUCTIVE CHARGING As a result of this , each mobile device is invariably sold or 
distributed bundled with its own charger . The costs associ 

CLAIM OF PRIORITY ated with these multiple different types and numbers of 
charger are paid by the consumer indirectly by being incor 

This application is a continuation - in - part of U.S. patent 10 porated into the prices being charged for the mobile device . 
application Ser . No. 11 / 669,113 , filed Jan. 30 , 2007 , titled The rapid increase in the total number and variety of 
“ INDUCTIVE POWER SOURCE AND CHARGING SYS- mobile products has meant that most people have several of 
TEM ” , which application claims the benefit of U.S. provi the above - mentioned devices . In a typical day , that user 
sional patent application 60 / 763,816 , filed Jan. 31 , 2006 , would have to separately connect their multiple devices to 
titled “ PORTABLE INDUCTIVE POWER SOURCE ” ; U.S. 15 each of their appropriate chargers for charging of each 
provisional patent application 60 / 810,262 , filed Jun . 1 , 2006 , device . In addition , many people find it necessary to charge 
titled “ MOBILE DEVICE , CHARGER , AND POWER their devices in different locations such as their offices and 
SUPPLY ” ; U.S. provisional patent application 60 / 810,298 , cars . Thus , many users have purchased additional chargers 
filed Jun . 1 , 2006 , titled “ MOBILE DEVICE , BATTERY , for their offices and cars , for use in charging their mobile 
CHARGING SYSTEM , AND POWER SUPPLY ” ; and U.S. 20 phones , notebook computers , and music players in those 
provisional patent application 60 / 868,674 , filed Dec. 5 , locations . 
2006 , titled " SYSTEM FOR PROVIDING A PORTABLE It will be evident that the above situation has caused 
INDUCTIVE POWER SOURCE " ; this application also typical users to have a multitude of incompatible devices 
claims the benefit of U.S. provisional patent application ( i.e. power supplies and chargers ) that essentially provide 
60 / 916,748 , filed May 8 , 2007 , titled " CHARGING AND 25 the same function of charging a mobile device , but because 
POWERING MOBILE DEVICES , BATTERIES ” ; U.S. of the number and variety that must be kept by the user are 
provisional patent application 60 / 952,835 , filed Jul . 30 , inconvenient to use . In many situations , users simply forget 
2007 , titled " INDUCTIVE CHARGING OF PORTABLE to charge their devices , or else find they need to recharge 
DEVICES " ; U.S. provisional patent application 61 / 012,922 , their device in situations where no appropriate charger is 
filed Dec. 12 , 2007 , titled “ WIRELESS CHARGER WITH 30 available . This leads to loss of ability to use the device when 
POSITION INSENSITIVITY ” ; U.S. provisional patent desired or needed . 
application 61 / 012,924 , filed Dec. 12 , 2007 , titled " CON- In addition , when traveling way from home , mobile users 
TROL , REGULATION , AND COMMUNICATION IN have a particular problem in that they need to pack and carry 
CHARGERS ” ; U.S. provisional patent application 61/015 , the multiple chargers for their devices . In many situations , 
606 , filed Dec. 20 , 2007 , titled “ PORTABLE INDUCTIVE 35 these chargers are bulkier and heavier than the devices 
POWER SOURCE ” ; and U.S. provisional patent application themselves , and use of these devices in foreign countries 
61 / 043,027 , filed Apr. 7 , 2008 , titled “ INDUCTIVE requires clumsy adaptors , and sometimes voltage convert 
POWER SOURCE AND CHARGING SYSTEM ” ; this ers . This leads to a high degree of inconvenience for the 
application is also related to copending U.S. patent appli ever - more - mobile consumer . 
cation Ser . No. 11 / 757,067 filed Jun . 1 , 2007 , titled 40 In addition , the power connector for the mobile devices is 
“ POWER SOURCE , CHARGING SYSTEM , AND often cheaply manufactured , and a source of mechanical and 
INDUCTIVE RECEIVER FOR MOBILE DEVICES ” , each electrical failure . In many applications , such as toothbrushes 
of which above applications are herein incorporated by or applications where the device is exposed to water and 
reference . needs to be hermetically sealed , such a physical connection 

45 can not be used . Thus an alternative means of powering 
FIELD OF INVENTION those types of devices must be used . 

Several products have tried to address this situation . Some 
The invention is related generally to power supplies , companies propose the use of a universal charger that 

power sources , and particularly to a system and method for consists of a power supply base unit , and interchangeable 
inductive charging of portable devices . 50 tips that both fit into the base unit and in turn fit different 

devices . The tip includes a customized regulator that sets the 
BACKGROUND voltage required by the particular device . However , a user 

must carry the multiple tips he or she needs for each of the 
There is currently a need for powering portable or mobile various devices they have , and then charge each device 

devices for use in commercial , business , personal , con- 55 serially by connecting the device to the power supply . While 
sumer , and other applications . Examples of such devices this product reduces the overall weight of the charging tools 
include cellular telephones , personal digital assistants the user must carry , the user still needs to carry and exchange 
( PDAs ) , notebook computers , mobile email devices , Black- the tips to connect to different devices . In addition , the 
berry devices , Bluetooth headsets , hearing aids , music play- charging of multiple devices simultaneously is often not 
ers ( for example , MP3 players ) , radios , compact disk play- 60 possible . 
ers , video game consoles , digital cameras , walkie - talkie or Realizing that a power supply typically contains a trans 
other communication devices , GPS devices , laptop comput- former for voltage conversion , another approach is to split 
ers , electric shavers , and electric toothbrushes . Most of these the transformer into two parts : a first part can contain the 
devices include a rechargeable internal battery that must be first winding and the electronics to drive this winding at the 
first charged by an external power supply or charger , before 65 appropriate operating frequency , while the second part con 
the device itself can be used . The power supply typically sists of a winding where power is received and then rectified 
provides direct current ( DC ) voltage through a special to obtain DC voltage . If the two parts are brought into 
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physical proximity to each other , power is transformed from tion to the pad . In additional embodiments , the charging or 
the first part to the second inductively , i.e. by induction , power system can provide for additional functionality such 
without any physical electrical connection . This is the as communication of data stored in the electronic device or 
approach that is used in many electrical toothbrushes , shav- to be transferred to the device . Some embodiments may also 
ers , and other products that are expected to be used in wet 5 incorporate efficiency measures that improve the efficiency 
environments . However , a common problem with such of power transfer between the charger and receiver , and 
inductive units is that the windings are bulky , which restricts ultimately to the mobile device or battery . In accordance 
their use in lightweight portable devices . Furthermore , to with an embodiment the charger or power supply includes an achieve adequate power transfer , the parts must be designed 
to fit together suitably so that their windings are closely 10 with other embodiments the charger or power supply can internal battery for self - powered operation . In accordance 
aligned . This is typically done by molding the device casing include a solar cell power source , hand crank , or other means ( for example , an electric toothbrush ) and its charger / holder of power supply for occasional self powered operation . so that they fit together in only one suitable way . However , Other embodiments can be incorporated into charging the molded base and shape of the portable device means they cannot be used in a universal fashion to power other devices . 15 kiosks , automobiles , trains , airplanes , or other transport and other applications . Some companies have proposed pad - like charging 
devices based on inductive concepts , but that also ostensibly In some embodiments , an electronic device configured for 
allow for different types of devices to be charged . These transmitting or receiving electromagnetic power by induc 
pads typically include grids of wires in an x and y direction , tive power transfer is disclosed . The electronic device 
that carry an electrical current , and that generate a uniform 20 includes an inductive charging receiver within the electronic 
magnetic field parallel to the surface of the pad . A receiver device configured to receive electromagnetic power by 
coil wound around a magnetic core lies on the surface of the inductive power transfer through a first surface of the 
pad and picks up the magnetic field parallel to the surface , electronic device from an alteri ting magnetic field at an 
and in this manner energy can be transferred . However , each operating frequency within a frequency range of 100 kHz to 
of these methods suffer from poor power transfer , in that 25 1 MHz from an inductive charger when positioned in 
most of the power in the primary is not picked up in the proximity to the first surface of the electronic device . The 
receiver , and thus the overall power efficiency of the charger inductive charging receiver includes a substantially planar 
is very low . In addition , the magnetic cores used for the inductive coil comprising a metallic spiral - shaped conduc 
primary and receiver are often bulky and add to the total cost tor . The inductive coil has a substantially planar first side 
and size of the system , and limit incorporation into many 30 that faces the first surface and a substantially planar second 
devices . side that faces away from the first surface opposite the first Another point to note is that , while all of the above side . The inductive charging receiver further includes a devices allow a user to charge a device , they also require the planar first shield comprising an electrically conductive charging device or base unit to be electrically connected to metal layer positioned between the metallic spiral - shaped a power source , such as a power outlet or a DC source . In 35 conductor of the first side of the inductive coil and the first many cases , the user may not have access to such a power surface of the electronic device such that the first shield source such as when traveling , camping , or working in an 
area without access to power . However , to date , no device covers the metallic spiral - shaped conductor . The metal layer 
has been provided that is portable , and that allows for has a metal thickness in a range of 1 micrometer to 70 
inductive charging of multiple devices with differing power 40 micrometers wherein the transmission of electromagnetic 
requirements , and which itself can be intermittently or power through the first shield is allowed in the frequency 
occasionally charged either by an external power source , or range for inductive power transfer . In an embodiment , the 
by other means , or that is self - powered or includes its own first shield has a relative permeability of 1 . 
power source . In some embodiments , an electronic device configured for 45 transmitting or receiving electromagnetic power by induc 

SUMMARY tive power transfer is disclosed . The electronic device 
includes an inductive charging receiver within the electronic 

A portable inductive power source , power device , or unit , device configured to receive electromagnetic power by 
for use in powering or charging electrical , electronic , bat- inductive power transfer through a first surface of the 
tery - operated , mobile , and other devices or rechargeable 50 electronic device from an alternating magnetic field at an 
batteries is disclosed herein . In accordance with an embodi- operating frequency within a frequency range of 100 kHz to 
ment the system comprises 2 parts : The first part is a pad or 1 MHz from an inductive charger when positioned in 
similar base unit that contains a primary , which creates an proximity to the first surface of the electronic device . The 
alternating magnetic field by means of applying an alternat- inductive charging receiver includes a substantially planar 
ing current to a winding , coil , or any type of current carrying 55 inductive coil comprising a metallic spiral - shaped conduc 
wire . The second part of the system is a receiver that tor . The inductive coil has a substantially planar first side 
comprises a means for receiving the energy from the alter- that faces the first surface and a substantially planar second 
nating magnetic field from the pad and transferring it to a side that faces away from the first surface opposite the first 
mobile or other device or rechargeable battery . The receiver side . The inductive charging receiver further includes a 
may comprise coils , windings , or any wire that can sense a 60 substantially planar first shield comprising an electrically 
changing magnetic field , and rectify it to produce a direct conductive layer positioned between the metallic spiral 
current ( DC ) voltage , which is then used to charge or power shaped conductor of the first side of the inductive coil and 
the device . the first surface of the electronic device such that the first 

In some embodiments the receiver can also comprise shield covers the metallic spiral - shaped conductor . Trans 
electronic components or logic to set the voltage and current 65 mission of electromagnetic power through the first shield is 
to the appropriate levels required by the mobile device or the allowed in the frequency range for inductive power transfer 
charging circuit in the device , or to communicate informa- and transmission of electromagnetic power through the first 
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shield is attenuated at frequencies higher than the frequency perform specialized tasks , such as mobile device identifica 
range . In an embodiment , the first shield has a relative tion , and automatic voltage or power - setting for different 
permeability of 1 . devices . 

In some embodiments , an electronic device configured for 
receiving and transmitting electromagnetic power by BRIEF DESCRIPTION OF THE FIGURES 
inductive power transfer is disclosed . The electronic 
device includes a first surface configured for receiving FIG . 1 shows a pad using multiple transmitter or charger 

coils in accordance with an embodiment . and transmitting inductive power by an alternating 
magnetic field at an operating frequency within a FIG . 2 shows a figure of a circuit diagram in accordance 

10 with an embodiment . frequency range of 100 kHz to 1 MHz . The electronic 
device further includes a substantially planar inductive FIG . 3 shows a charging pad using multiple coils in 

accordance with an embodiment . coil comprising a metallic spiral - shaped conductor FIG . 4 shows a charging pad using multiple overlapping within the electronic device for receiving power and coil layers in accordance with an embodiment . transmitting power with the alternating magnetic field . FIG . 5 shows the use of multiple coil types and sizes in The inductive coil has a substantially planar first side overlapping pad layers in accordance with an embodiment . 
that faces the first surface and a substantially planar FIG . 6 shows a receiver with an integrated battery in 
second side that faces away from the first surface accordance with an embodiment . 
opposite the first side . The electronic device further FIG . 7 shows a coupling of receiver with a device to be 
includes an inductive charging system configured to 20 charged or powered in accordance with an embodiment . 
cause the electronic device to switch between receiving FIG . 8 shows a pad allowing modular or multiple con 
power inductively from an inductive charger through nectivity in accordance with an embodiment . 
the inductive coil to charge the electronic device and FIG . 9 shows a figure of a circuit diagram in accordance 
transmitting power inductively through the inductive with an embodiment . 
coil to charge a second electronic device . The elec- 25 FIG . 10 shows a figure of a circuit diagram in accordance 
tronic device further includes a substantially planar first with an embodiment . 
shield means for attenuating transmission of electro FIG . 11 shows a figure of a circuit diagram in accordance 
magnetic interference noise at frequencies above the with an embodiment . 
frequency range while allowing transmission of induc FIG . 12 shows a figure of power transfer chart in accor 
tive power through the first shield means in the fre- 30 dance with an embodiment . FIG . 13 shows a figure of a coil layout in accordance with quency range for inductive power transfer . The first an embodiment . shield means is positioned between the metallic spiral FIG . 14 shows a figure of a coil layout in accordance with shaped conductor of the first side of the inductive coil an embodiment . and the first surface of the electronic device such that FIG . 15 shows a figure of a charging pad with multiple the first shield means covers the metallic spiral - shaped coils in accordance with an embodiment . conductor . In an embodiment , the first shield means FIG . 16 shows a figure of a charging pad with movable 
comprises a non - metallic electrically conductive mate- coils and two devices receiving power or charge in accor 
rial , and the first shield means has a relative perme- dance with an embodiment . 
ability of 1 . FIG . 17 shows a figure of a circuit diagram in accordance 

In some embodiments , an electronic device configured for with an embodiment . 
receiving or transmitting electromagnetic power by induc- FIG . 18 shows an illustration of a means of stacking coils , 
tive power transfer through a first surface of the electronic in accordance with an embodiment . 
device with an alternating magnetic field at an operating FIG . 19 shows a figure of a circuit diagram for identifi 
frequency within a frequency range of 100 kHz to 1 MHz . 45 cation verification in accordance with an embodiment . 
The electronic device includes a substantially planar induc- FIG . 20 shows a figure of a circuit diagram for bidirec 
tive coil comprising a metallic spiral - shaped conductor . The tional communication in accordance with an embodiment . 
inductive coil has a substantially planar first side that faces FIG . 21 shows a figure of a circuit diagram for output 
the first surface and a substantially planar second side that controller in accordance with an embodiment . 
faces away from the first surface opposite the first side . The 50 FIG . 22 shows a figure of a circuit diagram for the 
electronic device further includes a substantially planar first receiver with regulator in accordance with an embodiment . 
shield means positioned between the metallic spiral - shaped FIG . 23 shows a figure of a circuit diagram for MCU 
conductor of the first side of the inductive coil and the first regulation in accordance with an embodiment . 
surface of the electronic device to disperse heat generated by FIG . 24 shows a figure of a circuit diagram for unidirec 
the coil during inductive power transfer while allowing 55 tional communication in accordance with an embodiment . 
transmission of inductive power in the frequency range FIG . 25 shows a figure of a circuit diagram for time - based 
through the first shield means for inductive power transfer . regulation in accordance with an embodiment . 
The first shield means covers at least the metallic spiral- FIG . 26 shows a high level view of a flyback power 
shaped conductor . supply geometry in accordance with an embodiment . 

In accordance with various embodiments , additional fea- 60 FIG . 27 shows an embodiment in which the output 
tures can be incorporated into the system to provide greater voltage to a load is monitored and with changes in the load 
power transfer efficiency , and to allow the system to be condition , a chip or a Micro Controller Unit ( MCU ) varies 
easily modified for applications that have different power the frequency or the duty cycle of the FET driver to achieve 
requirements . These include variations in the material used optimum operation . 
to manufacture the primary and / or the receiver coils ; modi- 65 FIG . 28 shows an implementation of a charger in accor 
fied circuit designs to be used on the primary and / or sec- dance with an embodiment , wherein the primary stage and 
ondary side ; and additional circuits and components that the receiver stage communicate wirelessly . 
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FIG . 29 shows an embodiment that includes Zero Voltage FIG . 55 shows an embodiment which allows for obtaining 
Switching ( ZVS ) . local alignment independence between coils in the charger 
FIG . 30 shows an embodiment in which , instead of a and the receiver . 

digital feedback circuit , an analog circuit based on coupling FIG . 56 show an embodiment in which coil magnets can 
between a light emitting diode ( LED ) and a light detector 5 divided into sections . 
can be used . FIG . 57 shows an embodiment in which one or more 

FIG . 31 shows an embodiment in which the opto - coupler alignment magnets can be used behind each coil . 
is replaced by a Voltage Controlled Oscillator ( VCO ) and FIG . 58 shows an illustration of a device for inductive 
FET and in the primary , the signal is sent to adjust a power charging that includes an internal battery for self 
frequency controller to provide optimum output voltage . 10 powered operation , in accordance with an embodiment . 
FIG . 32 shows an embodiment in which the wireless link FIG . 59 shows an illustration of an inductive charger unit 

can be analog or digital or can be integrated into the device with a solar cell power source for self powered operation , in 
to take advantage of existing wireless links in the device . accordance with an embodiment . 

FIG . 33 shows a basic schematic for an inductive single FIG . 60 shows an illustration of an inductive charger unit 
coil charging system in accordance with an embodiment . 15 with an incorporated communications and / or storage unit , in 
FIG . 34 shows the main components of a wireless power / accordance with an embodiment . 

charging system in accordance with an embodiment . FIG . 61 shows an illustration of a kiosk that incorporates 
FIG . 35 shows a typical experimental curve for power an inductive charger unit in accordance with an embodi 

transferred and Power Transfer in accordance with an ment . 
embodiment . FIG . 62 illustrates some common regular ( non - charger ) 
FIG . 36 shows an embodiment in which a coil mosaic is mobile phone holders types , in accordance with an embodi 

used to cover the surface area of a pad . 
FIG . 37 shows an embodiment in which the number of FIG . 63 illustrates various products for a music player , 

drive ( and sensing ) circuits may be reduced by using elec- that includes an external rechargeable battery pack , in accor 
trical or electronic switches . 25 dance with an embodiment . 
FIG . 38 shows an embodiment in which three coil layer FIG . 64 illustrates a multi - function device that includes a 

printed circuit board ( PCB ) is arranged to provide a cluster hard drive , rechargeable battery , and wireless connectivity , 
for uniform power in an area using only one coil powered at in accordance with an embodiment . 
any given time . FIG . 65 illustrates a system for use with a charger case to 

FIG . 39 shows an embodiment in which the coils are 30 inductively power or charge a mobile device , in accordance arranged such that by powering only one of the coils in the with an embodiment . 
cluster , any receiver coil placed with a center within any FIG . 66 shows a pad using multiple receiver / energizer 
location in the effective area can receive the specified power coils in accordance with an embodiment . 
if the appropriate charger coil is activated . FIG . 67 shows , in a multi - charger or power supply where 
FIG . 40 shows an embodiment in which the number of 35 multiple coils are used , such a high heat conductivity layer 

switches required is reduced . may be repeated around each coil or cover all areas between 
FIG . 41 shows an embodiment of a multi - charger pad that the multiple coils , in accordance with an embodiment . 

incorporates a plurality of charging clusters . FIG . 68 shows a similar method that may be used for heat 
FIG . 42 shows an embodiment that uses a cluster of two removal from wound coils of other shape and type . 

layers of three coils and a central coil to create an effective 40 FIG . 69 shows an embodiment in which the layer can be 
patterned to provide heat conductivity channels rather than 

FIG . 43 shows a mosaic of hexagonal coils with the a continuous layer . 
central port to each coil shown as circles . FIG . 70 shows an illustration of the electronics for the 
FIG . 44 shows an embodiment of a MEMS pad including PCB coil inductive charger and / or power supply or the 

the top view . 45 inductive receiver as fabricated on the same PCB as the coil , 
FIG . 45 shows an embodiment of a MEMS pad including in accordance with an embodiment . 

a segmented MEMS charger pad . FIG . 71 shows an embodiment in which magnets placed 
FIG . 46 shows an embodiment in which one or more at the center of a stationary coil or a moving , floating charger 

regulated power supplies are connected to the charger pad . and / or power supply coil and the receiver coil can provide 
FIG . 47 shows an array of contacts on the surface of a pad 50 a method for alignment of the coils and to achieve this result . 

in accordance with an embodiment . FIG . 72 shows an embodiment in which two or more 
FIG . 48 shows the side view of a MEMS conductive magnets that do not cross the center of the coil are used . 

charger pad in accordance with an embodiment . FIG . 73 is an illustration that shows how the magnets may 
FIG . 49 shows an embodiment wherein several regulated be placed outside the PCB coil area , in accordance with an 

power supplies provide power to the pad , to allows charging 55 embodiment . 
of several devices simultaneously . FIG . 74 shows an embodiment in which magnetic arc 

FIG . 50 shows an alternative embodiment of a pad using shaped parts around a circular coil are used . 
a segmented surface . FIG . 75 illustrates the use of bar magnets on or around the 

FIG . 51 shows an industry standard means that is used for coil , in accordance with an embodiment . 
measuring emissions from a product . 
FIG . 52 shows an embodiment which illustrates absorp DETAILED DESCRIPTION 

tion through a copper layer . 
FIG . 53 shows attenuation values for Copper and Alumi- A portable inductive power source , power device , or unit , 

num layers for several thicknesses . for use in powering or charging electrical , electronic , bat 
FIG . 54 shows transmitted power through Copper and 65 tery - operated , mobile , rechargeable batteries , and other 

Aluminum layers of varying thickness for an incident field devices is disclosed herein . In accordance with an embodi 
at 1 MHz . ment the system comprises two parts : The first part is a pad 
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or similar base unit that contains a primary , which creates an requirements that a consumer and manufacturer desire in 
alternating magnetic field by means of applying an alternat- such a product . These include the following desired features : 
ing current to a winding , coil , or any type of current carrying The pad should be able to charge or power a number of 
wire . In some embodiments the pad can also contain various devices or batteries with various power requirements 
signaling , and switching or communication circuitry , or efficiently . A typical number may be one to six or even 
means of identifying the presence of devices or batteries to 12 or more devices or batteries , including four or more 
be charged or powered . In some embodiments the pad can low power ( up to 5 W ) devices or batteries simultane 
also contain multiple coils or sections to charge or power ously . When multiple devices or batteries are being 
various devices or to allow charging or powering of devices charged , a method for energizing only those coils near 

a device or battery is preferable . or batteries placed anywhere on the pad . The second 
the system is a receiver that comprises a means for receiving The same pad should be able to power low - power devices 

( mobile phones , PDAs , cameras , game consoles , etc. ) the energy from the alternating magnetic field from the pad or batteries with power requirements of 5 W or less , and and transferring it to a mobile battery , or other device . The higher - power devices such as notebook computers receiver can comprise coils , windings , or any wire that can ( which often have a power requirement of 60 W or sense a changing magnetic field , and rectify it to produce a higher ) or high power batteries . 
direct current ( DC ) voltage , which is then used to charge or The power transfer efficiency between the primary coil 
power the device or battery . and the receiver should be maximized . Lack of effi 

In some embodiments the receiver can also comprise ciency in the power transfer would necessitate larger 
electronic components or logic to set the voltage and current 20 and heavier AC to DC power supplies . This would add 
to the appropriate levels required by the mobile device or cost and decrease product attractiveness to customers . 
battery . In some embodiments , the receiver can also contain Thus methods where the entire pad is energized are not 
circuitry to sense and determine the status of the electronic as attractive . 
device or battery to be charged , the battery inside a device , A simple method for verification of the manufacturer of 
or a variety of other parameters and to communicate this 25 the receiver , and possibly information for power 
information to the pad . In additional embodiments , the requirements , should be supported as necessary to 
system can provide for additional functionality such as ensure product compatibility and to provide means of 
communication of data stored in the electronic device ( for product registration and licensing . 
example , digital images stored in cameras , telephone num- The EMI radiation from the system should be minimized , 
bers in cell phones , songs in MP3 players ) or data into the 30 and ideally , the system should radiate little or no EMI 
device . with no device present . A charger should preferably not 

Embodiments can also incorporate efficiency measures emit any power until an appropriate device or battery is 
that improve the efficiency of power transfer between the brought close the charger or power supply itself . In 
charger or power supply and the receiver , and ultimately to electric power is not wasted , and electromag 
the mobile device or battery . In accordance with an embodi- 35 netic power is not emitted needlessly . In addition , 
ment , the charger or power supply comprises a switch , ( for accidental effects on magnetically sensitive devices 
example , a MOSFET device or another switching mecha such as credit cards , disk drives and such are mini 
nism ) , that is switched at an appropriate frequency to mized . 
generate an alternative current ( AC ) voltage across a pri- The pad and the receiver should be reasonably simple to 
mary coil , and generates an AC magnetic field . This field in 40 construct , and cost effective . Since both parts can be 
turn generates a voltage in the coil in the receiver that is integrated into mobile devices or batteries , the overall 
rectified and then smoothed by a capacitor to provide power size , weight , and form factor should be minimized . 
to a load , with the result being greater efficiency . As used herein , the term “ charger ” can refer to a device 

In accordance with other embodiments the coils are for supplying power to a mobile or stationary device for the 
mounted such that they can move laterally within the pad 45 purpose of either charging its battery , operating the device at 
and within an area of their segments , while continuing to be that moment in time , or both . For example , as is common in 
connected to their driver electronics placed on the edges of portable computers , the power supply can operate the por 
the area . The floating coils and the drive circuit are sand- table computer , or charge its battery , or accomplish both 
wiched in between thin upper and lower cover layers that act tasks simultaneously . The charger may include circuitry for 
to allow the coils lateral movement while limiting vertical 50 driving a coil appropriately to generate an AC magnetic 
movement . When a receiver is placed on the pad , the pad field , power or current sense or regulation circuitry , micro 
senses the position of the receiver coil and moves the coils controllers , and means of communication with a receiver , 
to the right position to optimize power transfer . Magnets can battery , or device . It may also be able to communicate data 
be used to better orient the coils and improve greater power with a device or battery or perform other functions . As used 
transfer efficiency . 55 herein , the term ' receiver ' means an inductive coil or coils 

Additional embodiments are also described herein . For and the circuitry for rectification and smoothing of received 
example , in accordance with an embodiment the charging current , any possible control or communication circuitry for 
power supply device includes an internal battery for self- communication with the charger and regulation of power 
powered operation . In accordance with other embodiments and any possible circuit for managing charging or measure 
the charging / power supply device can include a solar cell 60 ment of status of a battery or a device to be charged or 
power source , hand crank , or other means of power supply powered such as a charge management circuit , fuel gauge , 
for occasional self powered operation . Other embodiments current , voltage , or temperature sensor , etc. The receiver can 
can be incorporated into charging kiosks , automobiles , com- also incorporate appropriate circuitry for data transfer 
puter cases , and other electronic devices and applications . between a device or battery and the charger . In accordance 
Inductive Charging System 65 with an embodiment , the mobile device charger and / or 

While the above mentioned technologies describe various power supply can have any suitable configuration , such as 
aspects of inductive charging , they do not address the basic the configuration of a flat pad . The power received by the 

this way , 
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mobile device from the mobile device charger / power supply described above . Alternatively , using the same set of coils or 
( such as the primary in the mobile device charger ) can be wires , or a separate set of coils or wires , any mobile device 
rectified in the receiver and smoothed by a capacitor before or battery can itself be used as an inductive charger or power 
being connected to the rechargeable battery which is repre- supply to power or charge other mobile devices or batteries . 
sented by the load in the figures . To ensure proper charging 5 In accordance with an embodiment , the mobile device 
of the battery , a regulator or charge management circuit can charger / power supply or pad , and the various mobile devices 
be placed between the output of the output of the rectifier / or batteries , can communicate with each other to transfer 
capacitor stage and the battery . This regulator or charge data . In one embodiment , the coils in the mobile device 
management circuit can sense the appropriate parameters of charger / power supply that are used for powering or charging 
the battery ( voltage , current , capacity ) , and regulate the 10 the mobile device , or another set of coils in the same PCB 
current drawn from the receiver appropriately . The battery layer or in a separate layer , can be used for data transfer 
can contain a chip with information regarding its character- between the mobile device charger / power supply and the 
istics that can be read out by the regulator or charge mobile device to be charged or powered or the battery 
management circuit . Alternatively , such information can be directly . Techniques employed in radio and network com 
stored in the regulator or charge management circuit for the 15 munication , such as radio frequency identification ( RFID ) , 
mobile device to be charged , and an appropriate charging Bluetooth , WiFi , Wireless USB , or others can be used . In 
profile can also be programmed into the regulator or charge one embodiment a chip connected to an antenna ( for 
management circuit . example , the receiver coil or separate data antenna ) or 

FIG . 1 shows a pad using multiple receiver / energizer coils another means of transfer of information can be used to 
in accordance with an embodiment . In its simplest format , 20 provide information about , for example , the presence of the 
the mobile device or battery charger or power supply pref- mobile device or battery , its authenticity ( for example its 
erably has a substantially flat configuration , such as the manufacturer code ) and the devices ' charging / power 
configuration of a pad 100 , and comprises multiple coils or requirements ( such as its required voltage , battery capacity , 
sets of wires 104. These coils or wires can be the same size and charge algorithm profile ) . 
as or larger than the coils or wires in the mobile devices , or 25 In accordance with an embodiment , a typical sequence for 
battery and can have similar or different shapes , including charger / power supply operation is as follows : 
for example a spiral shape . For example , for a mobile device The mobile device charger or power supply can be in a 
charger or power supply designed to charge or provide low power status normally , thus minimizing power 
power to up to four mobile devices of similar power ( up to usage . 
10 W each ) such as mobile phones , MP3 players , batteries , 30 Periodically , each of the coils ( or a separate data coil in 
etc. , four or more of the coils or wires will ideally be present another PCB layer ) is powered up in rotation with a 
in the mobile device or battery charger . The charger or short signal such as a short radiofrequency ( RF ) signal 
power supply pad can be powered by plugging into a power that can activate a signal receiver in the receiver such 
source such as a wall socket or itself be powered or charged as an RF ID tag or a circuitry connected to the receiver 
inductively . The pad can also be powered by another elec- 35 coil . 
tronic device , such as the pad being powered through the The mobile device charger / power supply then tries to 
USB outlet of a laptop or by the connector that laptops have identify a return signal from any mobile device , battery 
at the bottom for interfacing with docking stations , or ( or any receiver ) that may be nearby . 
powering other devices . The pad can also be incorporated Once a mobile device , or battery ( or a receiver ) is 
into a docking station , such as may be used by notebook 40 detected , the mobile device charger or power supply 
computers or built into a table or other surface . and the mobile device or battery to proceed to exchange 

In accordance with an embodiment , a mobile device can information . 
include a receiver that includes one or more coils or wires to This information can include a unique ID code that can 
receive the power from the mobile device charger or power verify the authenticity and manufacturer of the charger 
supply . As described in further detail below , the receiver can 45 or power supply and mobile device or battery , the 
be made part of the battery in the mobile device or of the voltage requirements of the battery or the mobile 
shell of the mobile device . When it is part of the mobile device , and the capacity of the battery . For security 
device shell , the receiver can be part of the inside surface of purposes or to avoid counterfeit device or pad manu 
the mobile device shell or of the outside surface of the facture , such information can be encrypted , as is com 
mobile device shell . The receiver can be connected to the 50 mon in some RFID tags or other verification systems . 
power input jack of the mobile device or can bypass the In accordance with various embodiments , other protocols 
input jack and be directly connected to the battery or charge such as Near Field Communications ( NFC ) or Felica can be 
management circuit inside the mobile device . In any of these used , wherein the circuitry containing the ID and the nec 
configurations , the receiver includes one or more appropri- essary information is powered either by the mobile device or 
ate coil or wire geometries that can receive power from the 55 battery or remotely by the mobile device charger or power 
mobile device charger or power supply when it is placed supply . Depending on the particular implementation needs , 
adjacent to the mobile device charger or power supply . In Bluetooth , WiFi , Wireless USB , and other information trans 
accordance with an embodiment , the coils in the mobile fer processes can be used . Additional information regarding 
device charger or power supply and / or the coils in the the charging profile for the battery can also be exchanged 
mobile devices or battery can be printed circuit board ( PCB ) 60 and can include parameters that are used in a pre - pro 
coils , and the PCB coils can be placed in one or more layers grammed charge profile stored in the mobile device or 
of PCB . battery charger . However , the information exchanged can be 

In some embodiments , the charger or power supply can as simple as an acknowledge signal that shows the mobile 
also itself be built into a mobile device or battery . For device charger that a mobile device or rechargeable battery 
example , a laptop computer or other portable or mobile 65 is present . The charger or power supply can also contain 
device can incorporate a charger or power supply section so means for detection and comparison of the strength of the 
that other mobile devices can be charged or powered as signal over different locations on the charger or power 
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supply . In this way , it can determine the location of the Replacing the timing capacitance can be easily handled 
mobile device or battery on the charger or power supply , and during manufacturing to tune the power requirement on a 
then proceed to activate the appropriate region for charging macro level , i.e. to get the output into an appropriate range 
or powering . for the chosen application . Additional techniques can then 

In some embodiments that require greater simplicity , no 5 be used to set the voltage output on a more accurate basis . 
communication need take place between the mobile device The mobile device or its battery typically can include 
charger or power supply and the mobile device or battery . In additional rectifier ( s ) and capacitor ( s ) to change the AC 
some embodiments the mobile device charger or power induced voltage to a DC voltage . This is then fed to a 
supply can sense the mobile device or battery by detecting regulator / charge management chip which includes the 
a change in the conditions of a resonant circuit in the mobile 10 appropriate information for the battery and / or the mobile 
device charger or power supply when the mobile device or device . The mobile device charger provides power and the 
battery is brought nearby . In other embodiments the mobile regulation is provided by the mobile device . The mobile 
device or battery can be sensed by means of a number of device or battery charger or power supply , after exchanging 
proximity sensors such as capacitance , weight , magnetic , information with the mobile device or battery , determines 
optical , or other sensors that determine the presence of a 15 the appropriate charging / powering conditions to the mobile 
mobile device or battery near a coil in the mobile device or device . It then proceeds to power the mobile device with the 
battery charger or power supply . Once a mobile device or appropriate parameters required . For example , to set the 
battery is sensed near a primary coil or section of the mobile mobile device voltage to the right value required , the value 
device or battery charger or power supply , the mobile device of the voltage to the mobile device charger can be set . 
charger or power supply can then activate that primary coil 20 Alternatively , the duty cycle of the charger switching circuit 
or section to provide power to the receiver coil in the mobile or its frequency can be changed to modify the voltage in the 
device's battery , shell , receiver module , battery , or the mobile device or battery . Alternatively , a combination of the 
device itself . above two approaches can be followed , wherein regulation 
Inductive Charging Circuit is partially provided by the charger or power supply , and 

Each mobile device and its battery has particular charac- 25 partially by the circuitry in the receiver . 
teristics ( voltage , capacity , etc. ) . In order to facilitate these Inductive Charger Pad 
different devices or batteries with a single universal mobile To allow the operation of the mobile device or battery 
device charger or power supply , several circuit architectures charger or power supply regardless of position of the mobile 
are possible , some of which are described in further detail device or battery , the total area of the mobile device or 
below . 30 battery charger or power supply can be covered by coils or 
FIG . 2 shows the main components of a typical inductive by another wire geometry that creates magnetic field . 

power transfer system 110. The circuit illustrated is used to FIG . 3 shows a charging pad using multiple coils in 
illustrate the principle of inductive power transfer and is not accordance with an embodiment . As shown in FIG . 3 , in 
meant to be limiting to an embodiment . In accordance with accordance with an embodiment the pad 140 is largely 
an embodiment , the charger 112 comprises a power source 35 covered with individual receiver coils 144 . 
118 , and a switch T 126 ( which can be a MOSFET or other FIG . 4 shows a charging pad using multiple overlapping 
switching mechanism ) that is switched at an appropriate coil layers in accordance with an embodiment . This embodi 
frequency to generate an AC voltage across the primary coil ment addresses the problem of voids between the multiple 
Lp 116 and generate an AC magnetic field . This field in turn coils . As shown in FIG . 4 , any areas of the pad 150 with 
generates a voltage in the coil 120 in the receiver 114 that is 40 minimal magnetic field between a first set of coils 152 can 
rectified and then smoothed by a capacitor to provide power be filled by a second set of coils 154 , so that the coils are 
122 to a load RI 124. For ease of use , a receiver can be tiled such that the centers of this coil array fill the voids in 
integrated with a mobile device , such as integrated inside the the primary set . This second set can be at a different layer of 
mobile device or attached to the surface of the mobile device the same PCB , or in a different PCB . In each of these 
during manufacture , to enable the device to receive power 45 geometries , the sensing circuitry can probe each location of 
inductively from a mobile device charger or integrated into , a coil in a raster , predetermined , or random fashion . Once a 
or on its battery . mobile device or battery on or near a coil is detected , that 

In accordance with an embodiment , the circuit shown in coil is activated to provide power to the receiving unit 
FIG . 2 can receive energy fed to it from a power source , receiver of the appropriate device . 
store the energy alternately in the inductor and the timing 50 It can be seen from the above example that by providing 
capacitor ( much like a tank stores liquid ) , and subsequently more layers of the PCB with coils , or by providing coils of 
produce an output as a continuous alternating current ( AC ) different geometry or size , one can obtain as much resolution 
wave . As the voltage is applied to the primary side , the tank or coverage as desired . 
circuit supplies the energy to the receiver . One of the benefits In accordance with an embodiment , to power mobile 
of such a design is that the timing capacitor in the circuit can 55 devices or batteries with power requirements that exceed 
be easily replaced . For example , if a relatively higher value maximum powers attainable by typical coils in a surface , the 
for capacitance ( referred to in some instances as a timing mobile device or battery , during its hand shake and verifi 
capacitance ) is used , then the frequency of operation is cation process can indicate its power / voltage requirements 
lowered . This increases the on - time for the circuit , and to the mobile device or battery charger or power supply . 
provides longer power transfer and current through the 60 Several geometries for achieving power / voltage levels oth 
transformer , and thus more power . As such a higher value of erwise not attainable from a single primary coil of the 
capacitance can be used for high power applications . Con- mobile device or battery charger or power supply are pos 
versely , if a relatively lower value for capacitance is used , sible . 
then the frequency of operation is increased . This reduces In accordance with one embodiment of the system geom 
the on - time and provides less power transfer and current 65 etry , the power receiving unit of the mobile device or battery 
through the transformer , and thus less power . Thus , a lower has several coils or receiving units that are connected such 
value of capacitance can be used for low power applications . that the power from several primary coils or sets of wires of 
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the mobile device or battery charger or power supply can of the charger or power supply in the circuit diagrams shown 
add to produce a higher total power . For example , if each above then can be driven to create the appropriate voltage / 
primary coil is capable of outputting a maximum of 10 current in the receiver . For example , the duty cycle of the 
Watts , by using six primary coils and six receiver coils , a switch in that circuit can be programmed with a micropro 
total output power of 60 Watts can be achieved . The number 5 cessor to be changed to provide the appropriate levels in the 
of primary and receiver coils need not be the same , receiver . 
large receiver coil ( receiving unit ) that is able to capture the In accordance with an embodiment , the programming can majority of magnetic flux produced by 6 or other number of be performed by a look up table in a memory location primary coils or a large primary coil powering six or another connected to a microprocessor or by using an algorithm number of receiver coils can achieve the same effect . The 10 pre - programmed into the microprocessor . Alternatively , the size and shape of the multiple primary coils and receiver frequency of the switch can be changed to move the circuit coils also do not need to be the same . Furthermore , neither into , and out of , resonance to create the appropriate voltage set of primary and receiver coils need to be in the same plane 
or PCB layer . For example , the primary coils in the examples in the receiver . In an alternate geometry , the voltage into the 
shown above can be dispersed such that some lay on one 15 circuitry in the primary can be changed to vary the voltage 
PCB plane and the others in another plane . output from the receiver . Furthermore , the induced voltage ! 

In accordance with another geometry , the PCB of the current in the mobile device can be sensed and communi 
mobile device or battery charger or power supply has cated to the charger to form a closed - loop , and the duty 
multiple layers , wherein coils or wire patterns of certain size cycle , frequency , and / or voltage of the switch can be 
and power range can be printed on one or more layers and 20 adjusted to achieve the desired voltage / current in the mobile 
other layers can contain coils or wire patterns of larger or device . 
smaller size and power capability . In this way , for example , In accordance with an embodiment , the receiver is built 
for low power devices , a primary from one of the layers will onto or into the battery for the mobile device . The receiver 
provide power to the mobile device or battery . If a device or can include one or more coils or wires shaped to receive 
battery with higher power requirements is placed on the pad , 25 power from the charger or power supply . The one or more 
the mobile device or battery charger or power supply can coils or wires can be either printed on one or more PCBs , or 
detect its power requirements and activate a larger coil or formed from regular wires . As described above , the receiver 
wire pattern with higher power capabilities or a coil or wire can also contain rectifier ( s ) and capacitor ( s ) to produce a 
pattern that is connected to higher power circuitry . One may cleaner DC voltage . This output can be directly , or through 
also achieve similar results by using a combination of the 30 a current limiting resistor , connected to one of the contacts 
different processes and geometries described above . on the battery . To avoid overcharging the battery , a battery 
FIG . 5 shows the use of multiple coil types and sizes in regulator or charge management chip can also be used . This 

overlapping pad layers in accordance with an embodiment . circuit then measures the various parameters of the battery 
As shown in FIG . 5 , the mobile device or battery charger or ( voltage , degree of charging , temperature , etc. ) and uses an 
power supply or pad 160 can comprise two overlapping 35 internal program to regulate the power drawn from the 
layers with a first layer 162 containing low power coils , and circuit to ensure over - charging does not occur . The circuit 
a second layer 164 containing high power coils . can also include LEDs to show the receiver being in the 
Inductive Charging Receiver presence of a magnetic field from the charger , complete 
As described above , the inductive charging or power charge LEDs and / or audible signals . 

supply pad is used to power a receiver , which in turn is used 40 In typical commercial and end - user applications , such as 
to power or to charge a portable or mobile device or battery . in cell phones , PDAs , and MP3 players , the battery can be 
In accordance with one embodiment of the receiver , the incorporated into the battery pack or the device by the 
power from the mobile device or battery charger or power original equipment manufacturer ( OEM ) , or as an after 
supply is emitted at a magnitude that is sufficient to power market size and shape compatible battery pack that can 
any foreseeable mobile device or battery ( such as 5 W or 10 45 replace the original battery pack . The battery compartment 
W for small mobile devices or batteries ) . The receiver that in these applications is typically at the bottom of the device . 
is appropriate for each mobile device or battery has a power The user can open the battery compartment , take out the 
receiving part that when matched to the mobile device or conventional battery , replace it with a modified battery in 
battery charger or power supply is able to receive sufficient accordance with an embodiment , and then replace the bat 
power for the mobile device or battery . For example a 50 tery lid . The battery can then be charged inductively when 
receiver for a mobile phone requiring 2.5 W can be a coil the mobile device is placed adjacent a mobile device char 
with certain diameter , number of turns , wire width , etc. to ger . 
allow receipt of the appropriate power . The power is recti- To enhance the ability of the receiver to receive power , it 
fied , filtered , and then fed into the battery or power jack of may be desirable to minimize the distance between the 
the device . As discussed above , a regulator or charge man- 55 charger's primary coil and the receiver's coil or wire . In 
agement circuit can be used before the power is provided to order to achieve this , in accordance with an embodiment the 
the battery or the mobile device . receiver's coil or wire can be put on the outside of the battery 

To save energy , the power emitted by the mobile device pack . 
or battery charger or power supply can be regulated . It is FIG . 6 shows a battery with an integrated receiver in 
desirable to regulate the power emitted by the charger or 60 accordance with an embodiment . As shown in FIG . 6 , the 
power supply because if the charger or power supply is receiver 170 comprises the battery 182 , together with the 
emitting 10 W of power and the receiver is designed to receiver coil 172 , and any rectifiers 174 , capacitors 176 , 
receive 5 W , the rest of the emitted power is wasted . In one regulators or charge management chips 180 necessary for 
embodiment , the receiver or the mobile device can , through proper operation of the charging receiver . If the battery 
an electrical ( such as RF ) , mechanical , or optical method , 65 compartment lid of the device prevents a power receiving 
inform the charger or power supply about the voltage / light emitting diode ( LED ) to be seen , the lid can itself be 
current characteristics of the device or battery . The primary replaced with a see - through lid or a lid with a light pipe that 
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will allow the user to see the charging indicator LED when enable attachment or holding of mobile devices to be 
the mobile device is placed adjacent to the charger . charged . The devices or batteries to be charged or powered 

In an alternative embodiment , the receiver battery can can also incorporate a retainer , magnet , or physical shape to 
include a mechanical , magnetic , or optical method of align- enable them to stay on the charger or power supply in a 
ment of the coils or wires of the charger and mobile device 5 vertical , slanted , or some other position . In this way , the 
for optimum power transfer . In accordance with an embodi- device or battery can be charged or powered by the primary 
ment , the center of the primary in the charger contains a while it is near or on it . 
magnet such as a cylinder or disk or ring with the poles For those applications where the lid of the battery com 
parallel to the charger surface and the magnetic field per- partment or the bottom part of the mobile device is made 
pendicular to the charger surface . The receiver also contains 10 from a metal , a replacement non - metallic lid or backing can 
a magnet or magnetic metal part of a similar or different be used . Alternatively , the coil can be attached to the outside 
shape behind or in front of the coil or wire receivers . When of the metal surface . This allows electromagnetic ( EM ) 
the mobile device or battery is placed on or adjacent to the fields to arrive at the power receiver coil or wires . The rest 
charger or power supply , the magnets attract and pull the two of the receiver ( i.e. circuitry ) can be placed behind a metal 
parts into alignment with the centers of the two coils or wires 15 for the receiver to work . In some other applications where 
aligned . The magnets do not need to be especially strong to the battery has metal parts , these parts may interfere with the 
actively do this . Weaker magnets can provide guidance to EM field and the operation of the coil in the receiver . In these 
the user's hand and largely achieve the intended results . cases , it may be desirable to provide a distance between the 
Alternatively , audible , or visual signs ( for example an LED metal in the battery and the coils . This can be done with a 
that gets brighter as the parts are closer aligned ) , or mechani- 20 thicker PCB or battery top surface . Alternatively , to provide 
cal means ( dimples , protrusions , etc. ) can be used for additional immunity , ferrite material ( such as those provided 
alignment . by Ferrishield Inc. ) can be used between the receiver and the 

In accordance with another embodiment , the coil or wires battery to shield the battery or device from the EM fields . 
and the magnet in the charger or power supply are mechani- These materials can be made so as to be thin , and then used 
cally attached to the body of the charger or power supply 25 during the construction of the integrated battery / receiver . 
such that the coil can move to align itself appropriately with In accordance with another embodiment , the receiver in 
the mobile device or battery when it is brought into close the battery or mobile device also includes a means for 
proximity to the charger or power supply . In this way , an providing information regarding battery manufacturer , 
automatic alignment of coils or wire patterns can be required voltage , capacity ; current , charge status , serial 
achieved . 30 number , temperature , etc. to the charger . In a simplified 

In another embodiment , the receiver electronics described embodiment , only the manufacturer , required voltage , and / 
above are preferably made from flexible PCB which can be or serial number is transmitted . This information is used by 
formed into a curved shape . Such a PCB can be placed on the charger or power supply to adjust the primary to provide 
the surface of a battery pack , including one that is not flat , the correct charge or power conditions . The regulator or 
or that has a curved shape . The curve on the battery or back 35 charge management chip in the receiver can then regulate 
of a mobile device battery lid can be matched to a curved the current and the load to charge the battery correctly and 
primary in the mobile device or battery charger or power can end charge at the end . In another embodiment , the 
supply and be used for alignment . One example of usage of receiver can control the charging process fully depending on 
this embodiment can be for example flashlights that have the time dependent information on battery status provided to 
circular handles : the batteries can be charged with coils on 40 it . Alternatively , the charging process can be controlled by 
the side of circular batteries , or circling the cylindrical the charger in a similar manner . As described above , the 
battery . Similarly , the mobile device or battery charger or information exchange between the charger and the receiver 
power supply can have a curved shape . For example , the can be through an RF link or an optical transmitter / detector , 
charger or power supply surface can be in the shape of a RFID techniques , Near - Field Communication ( NFC ) , 
bowl or some similar object . A mobile device or battery that 45 Felica , Bluetooth , WiFi , or some other method of informa 
may have a flat or curved back can be placed into the bowl . tion transfer . Similarly , the receiver can send signals that can 
The shape of the bowl can be made to ensure that the coil of be used by the charger to determine the location of the 
the mobile device or battery is aligned with a primary coil receiver to determine which coil or section of the charger or 
to receive power . power supply to activate . The communication link can also 

In another embodiment , the primary can be incorporated 50 use the same coil or wires as antenna for data transfer or use 
into a shape such as a cup . A mobile device can be placed a separate antenna . In some embodiments the receiver can 
into the cup standing on end and the receiver can be built - in use the actual capabilities of the mobile device ( for example , 
to the end of the mobile device ( such as a mobile phone ) or the built - in Bluetooth or NFC capabilities of mobile phones ) 
battery or on the back or circumference of the device or to communicate with the charging or power supply pad . 
battery . The receiver can receive power from the bottom or 55 As described above , in accordance with some embodi 
wall of the cup . ments the receiver can be integrated into the body of the 

In another embodiment , the primary of the charger can device or battery itself at a location that may be appropriate 
have a flat shape and the mobile devices or battery can be and can be exposed to EM radiation from outside . The 
stood up to receive power . The receiver is built into the end output of the receiver can be routed to the electrodes of the 
of the device or battery in this case and a stand or some 60 battery internally inside the device and appropriate circuitry 
mechanical means can be incorporated to hold the device or inside the device can sense and regulate the power . The 
battery while being charged . device can include LEDs , messages , etc. or audible signs 

In another embodiment , the charger or power supply can that indicate to the user that charging is occurring or 
be made to be mounted on a wall or a similar surface , complete or indicate the strength of the received power ( i.e. 
vertically or at an angle ( such as on a surface in a car ) , so 65 alignment with a primary in the charger ) or the degree of 
as to save space . The charger or power supply can incorpo- battery charge . In other embodiments , the receiver is built 
rate physical features , magnets , fasteners or the like to into an inner or outer surface of a component that is a part 
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of the mobile device or battery's outer surface where it is electronics formed thereon , and the receiver coil or wire that 
closest to the charger . This can be done as original equip- is attached to the back of the device and plugs into the input 
ment or as an after - market item . The component can be the jack similar to the shell described above . Alternatively , it can 
lid of the battery pack or the bottom cover of the mobile be connected through a flexible wire or flexible circuit board 
device . In yet other embodiments , the receiver can be 5 that is routed to a plug for the input power jack . 
integrated into the back or front of the battery compartment In accordance with another embodiment , the receiver can 
or an interchangeable shell for the mobile device for use in be a separate part that gets plugged into the input jack during 
after - market applications . For example , in a mobile phone charging and is placed on the charger and can then be 
application , the back battery cover or shell can be removed unplugged after charging is finished . 
and replaced with the new shell or battery cover with the 10 In another embodiment , the receiver is built in the inside 
receiver built in . or outside surface or in between two layers of a plastic , 
FIG . 7 shows a coupling of receiver with a device to be leather , silicone , or cloth cover for the mobile device and 

charged or powered in accordance with an embodiment . As plugs in or makes contact to the contact points on the device . 
shown in FIG . 7 , the original mobile phone setup 190 It will be noted that certain devices such as notebooks and 
includes a device 192 with shell 194 and power jack 196. 15 some music players have metal bottom surfaces . The meth 
The after - market modification 200 replaces the original shell ods described above for changing the back surface or use of 
with a combination shell 210 that includes the necessary a plug in the mobile device or a secondary skin with an 
receiver coils and battery couplings . The contacts from this integrated receiver is particularly useful for these applica 
circuitry can then make direct contact to the battery elec- tions . As described previously , the effect of the metal surface 
trodes inside the mobile device or to some contact points 20 can also be minimized , if necessary , by increasing the 
inside the mobile device if such contacts exist or become distance between the wires of the receiver and the metal 
provisioned by the device manufacturer during manufacture . surface or by placing a ferrite layer in between the receiver 
Alternatively , the receiver may be a component ( such as a and the metal bottom . 
shell ) that has a connector that plugs into the input power It is also noted that the use of methods such as curving the 
jack of the mobile phone or electrodes of a battery . The 25 receiver or integrating magnets , LEDs , audio signals or 
receiver can be fixed to , or detachable from , the mobile messages , etc. for alignment , or methods for location , manu 
device or battery . This can be achieved by having a plug that facturer or charging condition identification , as described 
is attached either rigidly or by a wire to the receiver ( shell ) . above are possible with all embodiments of an embodiment 
Alternatively , the replacement receiver ( shell ) can be larger described above . In any of the above cases , the charger or 
than the original shell and extend back further than the 30 power supply can contain lights , LEDs , displays , or audio 
original shell and contain the plug so that when the receiver signals or messages to help guide the user to place the 
( shell ) is attached , simultaneously , contact to the input mobile device or battery on a primary coil for maximum 
power jack is made . Alternatively , the receiver ( shell ) can reception , to show charging is occurring , and show the 
have a pass - through plug so that while contact is made to device is fully charged . Displays to show how full the 
this input power connector , the connector allows for an 35 battery is or other information can also be incorporated . 
external regular power supply plug to be also used as an Flexible / Modular Charging Pad 
alternative . Alternatively , instead of a pass - through , this part In accordance with an embodiment a flexible mobile 
can include a power jack in another location in the back so device charger or power supply is provided in the shape of 
that a regular power supply can be used to charge the battery . a pad that can be folded or rolled up for carrying . In one 
In cases where the connector to the device performs other 40 implementation of an embodiment , the electronics of the 
functions such as communication to the device , a pass- charger or power supply are placed on a thin flexible PCB 
through connector can allow communication / connectivity to or the coils are made of wires that can be rolled up or shaped . 
the device . The electronics components made of silicon chips , capaci 

In accordance with another embodiment , the replacement tors , resistors and the like may not be flexible but take up 
receiver ( i.e. the replacement shell ) or the plug in unit , in 45 very little space . These rigid components can be mounted on 
addition to the power receiver components and circuitry , can a flexible or rigid circuit board , while the main section of the 
include additional circuitry that can provide further func- pad containing the coils or wires for energy transfer can be 
tionalities to the mobile device . These can include , for made to be flexible to allow conformity to a surface or to be 
example , the ability to exchange data through Bluetooth , rolled up . Thus the pad resembles a thin mouse pad or the 
WiFi , NFC , Felica , WiMax , RFID , or another wireless or 50 like . 
optical mechanism . It can also provide extended function- In some cases , it may be advantageous to the user to have 
alities such as Global Positioning System ( GPS ) location a mobile device charger or power supply that is extendible 
information , flashing lights , flashlight , or other decorative or in functionalities . The cases include but are not limited to : 
electronic functions . As described above , various methods A user may purchase a mobile device or battery charger 
for improving coil alignment , or location , battery manufac- 55 or power supply for charging or powering a single low 
turer , or battery condition information transfer can also be power device or battery but , at a later stage , may want 
integrated into the receiver or replacement shell . to extend the capability to charge or power more 

In another embodiment , the receiver is supplied in the devices or batteries simultaneously . 
form of a separate unit that is attached to the input jack of A user may purchase a mobile device or battery charger 
the mobile device or battery or integrated into a receiver 60 or power supply for charging or supplying power to one 
protective skin for the mobile device . Many leather or plastic or more low power devices or batteries but may want 
covers for mobile phones , cameras , and MP3 players already to charge or supply power to more low power or high 
exist . The primary purpose of these covers is to protect the power devices or batteries . 
device from mechanical scratches , shocks , and impact dur- A user may buy a mobile device or battery charger or 
ing daily use . However , they typically have a mere decora- 65 power supply that can charge or supply power to one or 
tive or advertising application . In accordance with one more low - power or high - power devices or batteries and 
embodiment , the receiver is formed of a thin PCB with the later wish to have the communication or local storage , 



a 

a 

a 

15 

a 

a 

US 11,404,909 B2 
21 22 

or a rechargeable battery , or means of power generation In another embodiment , a mug , cup , glass , or other eating 
such as solar panels or some other capability , added to appliance such as a plate can be fitted with a receiver at its 
the charger or power supply . bottom . The received power can be used to heat the mug , etc. 

In all of the cases above and others , it can be useful to with a heating coil thus keeping beverages or food warm to 
have a modular approach to expand the capabilities of the 5 any degree desired . Furthermore , in accordance with an 
mobile device or battery charger or power supply . embodiment , by use of devices such as thermoelectric 

coolers the contents can be cooled or heated as desired . FIG . 8 shows a pad 220 in accordance with an embodi 
ment that allows for modular or multiple connectivity . In this Similarly , many children's toys often run out of battery 
case , the user can purchase a first unit 222 that is powered power due to extended use or simple forgetfulness to turn the 
by an electric outlet 224. However , interconnects 226 for 10 device off . Often these batteries are included inside a battery compartment that for safety reasons can only be opened by power and data are provided so that additional units 228 , 230 a screwdriver . Inclusion of the receiver into toys or batteries can simply fit or plug into this first one directly or indirectly inside can reduce the need to change the device batteries and and expand the capabilities as the customer's needs grow . allow recharging with a much simpler method . 
Data communications and storage units 234 can also be In another implementation , the receiver can be built into 
attached in a modular fashion . This approach would enable medical devices or their batteries that are implanted or 
the customer to use the technology at a low cost entry point inserted in the body . Since batteries in these devices such as 
and grow his / her capabilities over time . pace makers , cochlear implants , hearing aids , or other moni 
Some of the electronics devices that can benefit from toring devices may need periodic charging , inductive power 

these methods include : mobile phones , cordless phones , 20 transfer can provide an ideal non - contact method for charg 
personal data assistants ( PDAs ) , pagers , walkie - talkies , ing and testing the performance of the devices ( i.e. check up ) 
other mobile communication devices , mobile electronic mail or downloading data that the devices have logged . 
devices , Blackberry's , MP3 players , CD players , DVD In another implementation , some active RFID tags 
players , game consoles , headsets , Bluetooth headsets , hear- include batteries that can send out information about the 
ing aids , head - mounted displays , GPS units , flashlights , 25 status or location of a package or shipment . An inexpensive 
watches , cassette players , laptops , electronic address books , method for charging these tags is to include a receiver with 
handheld scanning devices , toys , electronic books , still each tag . Thus , a charger can be used to power or charge 
cameras , video cameras , film cameras , portable printers , these RFID tags . 
portable projection systems , IR viewers , underwater cam- It will be noted that the effective working distance of the 
eras or any waterproof device , toothbrushes , shavers , medi- 30 inductive charger is dependent on the power and the fre 
cal equipment , scientific equipment , dental equipment , mili- quency of the source and the size and geometry of the coil . 
tary equipment , coffee mugs , kitchen appliances , cooking By increasing the frequency to several or tens of MHz , one 
pots and pans , lamps or any battery , DC , or AC operated can obtain a working distance of several inches or feet 
device . depending on the application for the technology . It will also 

In addition , inductive power transfer can provide power to 35 be noted that any of the above embodiments that eliminate 
devices that are not so far battery operated . For example , a the input power jack are especially important because they 
mobile device charger or power supply in the shape of a pad add to product reliability by removing a source of mechani 
placed on a desk or a kitchen table can be used to power cal or environmental failure . In addition , elimination of the 
lamps or kitchen appliances . In one embodiment for the use jack is imperative for water proof applications and for extra 
in a kitchen , a flat charger , or power supply such as a pad , 40 safety . 
placed on or built into a counter can allow the chef to place Efficiency Enhancements Through Coil Circuit 
devices on the charger or power supply to be inductively In accordance with an embodiment , in order for the power 
charged or powered during use and simply place them away efficiency to be maximized and to minimize losses in the 
after use . The devices can be , for example , a blender , mixer , coil , the coils should be manufactured to have as low a 
can opener , or even pot , pan , or heater . This can eliminate 45 resistance as possible . This can be achieved by use of more 
the need for a separate cooking and work area . It will be conductive material such as gold , silver , etc. However the 
noted that placement of a metal pan close to the inductive costs of these materials are sometimes prohibitive . In prac 
pad can directly heat the pan and the contents while keeping tice , reduced resistivity can be obtained by using thicker 
the charger or power supply surface cool . Due to this reason , copper - clad PCBs or wider tracks . Most common PCBs use 
inductive kitchen ranges have been commercialized and 50 1-2 oz copper PCBs . In accordance with some embodiments 
shown to be more efficient than the electric ranges that work the coil PCB used for the wireless charger can be made from 
by resistive heating of a coil . PCBs clad with between 2 and 4 , or even 6 oz copper . The 

In another embodiment , rather than direct heating of process of manufacture of the PCB can also be optimized to 
metal pans by nearby inductive fields , cooking pans may achieve higher conductivity . For example , sputtered copper 
include a receiver and heating or even cooling elements . 55 has a higher conductivity than rolled copper and is typically 
Once placed on a charger , the pan will heat up or cool down better for this application . In operation , the coil and the 
as desired by a dial or the like on the pan allowing precise circuitry demonstrate a resonance at a frequency determined 
temperature control of the pan and the contents . by the parameters of the design of the coil ( for example , the 

Similarly , in an office or work area setting , if a charger or number of windings , coil thickness , width , etc. ) . Previous 
power supply is readily available for charging or powering 60 work has concentrated on circuits driven by square waves 
mobile devices or batteries , it can also be used to power up with a MOSFET . This approach has the disadvantage that 
lamps for illumination of the desk or used to power or charge since a square wave is not a pure sinusoid , it produces 
office appliances , such as fax machines , staplers , copiers , harmonics . These harmonics are undesirable because : 
scanners , telephones , and computers . In one embodiment , The PCB coil produces optimum power transfer efficiency 
the receiver can be built into the bottom of a table lamp and 65 at a particular frequency . The harmonics in the primary 
the received power is used to power the incandescent or signal are not transferred as efficiently and decrease the 
LED lamp . overall system efficiency . 
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The rapid voltage change in the leading and falling edge a magnetic core in the secondary in the receiver . Since 
of the square wave creates oscillations that create magnetic cores are usually large and heavy this results in 
further harmonics resulting further EMI . considerable size savings . 

The harmonics radiated by the primary create higher By way of example , in accordance with an embodiment 
frequency components that contribute to the EMI that 5 that uses an IRFR0220 chip as a FET and use 4 oz copper 
is more radiative ( due to higher frequency ) . It is desir coils with 9 turns and 1.25 " diameter , the circuit in FIG . 2 
able to limit the frequency range of the operation of the above , can be loaded with RL of 10 Ohm and tuned to 
overall system to as low a frequency as possible while operate at 1.3 MHz . With matching coils in the primary and 
maintaining the other requirements of the system ( such secondary in the receiver , without capacitor C , total circuit 
as sufficient working distance , etc. ) , so these harmonics 10 efficiency of the circuit including the clock and FET driver circuit approaches 48 % . Addition of a 1600 pF capacitor in must be avoided . 

At the instance of switch turn - on and turn - off , the change parallel to the FET increases the total circuit efficiency to 
in the in - rush current to the coil causes huge voltage 75 % ( a better than 50 % increase in efficiency ) , while simul 

taneously decreasing the voltage across the FET and also the swings across the coil for a short period of time . All the 15 harmonics in the circuit . The coil to coil transfer efficiency power is transferred to the receiver during these times with the capacitor placed in parallel with the FET is esti 
that are short . mated to be approximately 90 % . The advantages of this Previous attempts to achieve 90 % transfer efficiency with approach include : 

PCB coil primary and receiver have used a laboratory power High efficiency ( ~ 90 % coil to coil ) . 
supply to drive their circuit . While this approach has dem- 20 Low ringing oscillation and EMI . 
onstrated the higher efficiency that can be achieved with a Simplicity and low cost . 
sinusoidal voltage on the coil , such power supplies are Lower FET source - drain voltage swing allowing use of a 
complex , and too large to be able to be used for any larger selection of FETs . 
practical charger application . In accordance with an embodi- In many applications , it is also desired that the pad and the 
ment , a capacitor is added in parallel to the drain / source 25 receiver are arranged so that the pad does not emit power 
contacts of the MOSFET . unless the receiver is nearby . 
FIG . 9 shows a figure of a circuit diagram 240 in FIG . 10 and FIG . 11 show circuit diagrams in accordance 

accordance with an embodiment . The coil in the wireless with an embodiment . In addition to high efficiency , one 
charger system is driven by switching the FET at the method that is required for minimizing EMI and maintaining 
resonance frequency of the circuit when the receiver is 30 high overall efficiency is the ability to recognize the pres 
present . Without the receiver nearby , the circuit is detuned ence of a receiver nearby , and then turning on the pad only 
from resonance and radiates minimal EMI . The capacitor when appropriate . Two methods for this are described below . 

As shown in FIG . 10 , in accordance with one embodi 244 acts as a reservoir of energy that discharges during ment , the pad circuit 260 incorporates a micro control unit switch off time and enhances energy transfer . As with the 35 ( MCU1 ) 266 that can enable or disable the FET driver 268 . examples described above , changing the value of the capaci The MCU1 receives input from another sensor mechanism tance allows for tuning the power and efficiency levels on a that will provide information that it can then use to decide lower - power / high - power basis , and additional features and whether a device is nearby , what voltage the device requires , 
techniques can be used to fine tune the power output for and / or to authenticate the device to be charged or powered . 
particular devices . One of the sensor mechanisms for this information are 

The circuit designs illustrated in FIG . 2 and FIG . 9 use a through the use of an RFID reader 280 that can detect an 
zero - crossing power supply . Briefly , in a zero - crossing RFID tag of circuit and antenna in the receiver ( i.e. device 
power supply , when the transistor in the primary coil is first or battery to be charged or powered ) . The information on the 
turned on , electrical current passes through the primary coil tag can be detected to identify the voltage in the receiver 
and the transistor to ground . When the transistor is then 45 required and to authenticate the circuit to be genuine or 
turned off , the voltage level at the transistor swings high ( for under license . The information on the tag can be encrypted 
example , if the input voltage is 5V , then the voltage level to provide further security . Once a device or battery con 
may swing to 10V , or even 100V ) . A non - zero - crossing taining the tag is nearby the pad , the RFID reader can be 
circuit allows the current to drop to zero , before the cycle is activated , can read the information on the tag memory , and 
restarted . A forward mode circuit can then use an inductor in 50 compare with a table to determine authenticity / voltage 
series with the load to revive the current and charge up the required or other info . This information table can also reside 
inductor , while a diode allows charging in both directions on the MCU1 memory . Once the information is read and 
( when full phase AC is used ) . verified , the MCU1 can enable the FET driver to start 

In a traditional transformer design , zero - crossing is not driving the coil on the pad and to energize the receiver . 
used , since it invariably results in lower efficiency compared 55 In another embodiment the MCU1 relies on a clock 270 
to non - zero designs , at least with higher power or ferrite to periodically start the FET driver . The current through the 
cores . This is primarily because the traditional ferrite cores FET driver is monitored through a current sensor 264 . 
act as capacitors and store energy , which in turn reduces the Several methods can be implemented with this implemen 
circuit efficiency . As described above , in accordance with an tation , including for example : 
embodiment , when a non ferrite coil there is no magnetic 60 A small resistor can be placed in series with the FET to 
flux , so the efficiency is not affected to the same extent . ground contact . The voltage across this resistor can be 

Furthermore , since the system does not use a ferrite or measured by a current sensor chip , such as a Linear 
ferromagnetic core , the overall size and weight of the device Technology Current Sense Amplifier part number 
can be reduced . In accordance with some embodiments the LT1787 . 
coil can be formed on a printed circuit board ( PCB ) , with no 65 A Hall sensor , such as a Sentron CSA - 1A , that measures 
heavy ferrite coils , no soldering and no wiring to the coils . the current from a wire running under it , can be placed 
In accordance with some embodiments there is no need for on top of the PCB line from the FET to the ground to 
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measure the current without any electrical connection Efficiency Enhancements Through Independent Coil Move 
to the circuit . The advantage of this approach is that no ment 
extra resistor in series with this portion of the circuit is In accordance with some embodiments , techniques are 
necessary reducing the impedance . included to provide high transfer efficiency while maintain 

Other techniques may be used to measure the current . 5 ing position independence . 
A Hall sensor or a Reed switch can sense a magnetic field . FIG . 15 shows a figure of a charging pad with multiple 

If a small magnet is placed inside the receiver unit of coils in accordance with an embodiment . The area of the pad 
the system , a Hall sensor or Reed switch can be used to 330 is divided into a plurality of , or multiple segments 332 , 

that are bounded 336 by a wall or physical barrier , or simply sense presence of the magnet and can be used as a 
signal to start the FET . 10 some tethering means with no physical walls but that 

otherwise restrict movement to within the segment . The Other capacitance , optical , magnetic , or weight , etc. sen coils 334 are mounted such that they can move laterally , or sors can be incorporated to sense the presence of a float , within the area of their segments while continuing to secondary or receiver and to begin the energy transfer be connected to the drive electronics placed on the edges of process . 15 the area . In accordance with an embodiment , the floating FIG . 11 shows a figure of a circuit diagram 290 in coils and the drive circuit are sandwiched between thin 
accordance with an embodiment . In accordance with an upper and lower cover layers that act to allow the coils 
embodiment , the MCU1 can periodically start the FET lateral movement while limiting vertical movement . When a 
driver . If there is a receiver nearby , it can power the circuit . receiver coil is placed on the pad , the pad senses the position 
The regulator 296 , or another memory chip in the circuit can 20 of the receiver coil and moves the coils to the right position 
be programmed so that on power - up , it draws current in a to optimize power transfer . 
pre - programmed manner . An example is the integration of FIG . 16 shows a figure of a charging pad with movable 
an RFID transponder chip in the path , such as ATMEL 05530 coils in accordance with an embodiment . When the mobile 
or another inexpensive microcontroller ( shown here as device , for example a cell phone 340 , or a battery is placed 
MCU2 294 ) , that upon power - up modulates the current in 25 on the pad 330 , the nearest coil moves 342 within its 
the receiver that can then be detected as current modulation segment to better orient itself with the mobile device or 
in the primary . As with the previous example , other sensors , battery . In accordance with one embodiment , the method 
such as an RFID antenna 292 can also be used to provide used for achieving this is by attaching a magnet to the 
positional and other information . bottom center of each coil in the pad . A matching magnet at 

FIG . 12 shows a figure of a power transfer chart 300 in 30 the center of the receiver coil attracts the primary magnet 
accordance with an embodiment , illustrating transferred nearby and centers it automatically with respect to the 
power as a function of offset between coils . receiver coil . 
Efficiency Enhancements in Coil Layout In accordance with an embodiment , each coil in this 
An important aspect of power transfer efficiency relates to configuration can be suspended by the wires carrying power 

the alignment of coils with respect to each other . 35 to the coil or by a separate wire / spring or by another 
FIG . 13 and FIG . 14 show figures of a coil layout in mechanism so that each coil can move freely in the plane of 

accordance with an embodiment . If position independence is the pad while it can receive power from an individual or 
required , the pad PCB can be patterned with a coil pattern shared driving circuit . In order to facilitate movement , the 
to cover the full area . FIG . 13 shows a pad type charger or surface of the coils or the bottom surface of the top layer for 
power supply 310 including a layer of coils 312 with 40 the base unit ( the area where the coils move against ) or both 
minimal spacing 314 between the coils . Each coil has a layers can be made smooth by use of a low friction material , 
center 316 associated with it . In accordance with an embodi- attachment of a low friction material , or lubrication . The 
ment , the power transfer for a 1.25 " diameter coil as the wire / spring or current carrying mechanism described above 
center of the receiver is offset from the center of primary . can also be used to center each coil in an area at the center 
The power drops off to 25 % of the maximum value when the 45 of desired movement sector for each coil . In this way , 
two coils are offset by a coil radius . As described above , in without a receiver coil in the vicinity , each coil in the base 
order to better keep the coils aligned , use of magnets unit stays at the central location of its sector and responds 
centered on the primary and the receiver coil can provide an and moves to match a receiver coil when a device or battery 
automatic method of bringing the two parts into alignment . is brought nearby . Overlap of movement between adjacent 

In order to produce uniform fields , a number of coils 50 charger or power supply coils can be controlled by means of 
around the receiver coil will typically need to be turned on limiting movement through limiting length of current car 
to produce a field . However , with such a pattern , if a receiver rying wires to the coil , arrangement of the suspension , or 
coil is placed in between two primary coils , the voltage is spring , or placement of dividing sectors , pillars or by any 
still not optimized . Research has shown that to obtain other mechanism . 
uniform fields , three layers of coil patterns offset with 55 In another embodiment , the pad will include a method for 
respect to each other are required . detecting the presence of the mobile device , battery / receiver 
FIG . 14 shows a pad - type charger 320 with two of the and taking appropriate action to turn on the coil and / or to 

three layers 322 , 324 required to achieve position indepen- drive the coil with the appropriate pattern to generate the 
dent magnetic field pattern . For a receiver placed at the required voltage in the receiver . This can be achieved 
center of the circle , all the coils nearby ( in and around the 60 through incorporation of RFID , proximity sensor , current 
circle 328 ) will need to be turned on to achieve a uniform sensor , etc. A sequence of events to enable position inde 
field in the desired location 326. While this approach solves pendence and automatic pad turn - on can be : 
the offset issue and can be used to provide position inde- Multiple movable coils are used to cover the pad surface 
pendence , it does not produce high transfer efficiency . The 
reason is that ten or more coils have to be turned on near the 65 The coils in the pad are normally off and periodically 
receiver center to create the uniform field in that area , which powered up sequentially to sense whether the receiver 
in turn leads to inefficient power transfer . is nearby by measuring the current through the primary 
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coil . Alternatively , proximity sensors under each sec- maximum voltage at the output of the receiver prior to the 
tion can sense the presence of a magnet or change in regulator or battery charger circuit , as shown in FIG . 17 . 
capacitance or other parameter to know where a device Using a Zener allows more insensitivity to placement 
is placed . RFID techniques with localized antennas between the primary and receiver coil while maintaining the 
under each section or such can also be used . 5 ability to charge or power the device . For example , the drive 

Once a device is identified as placed in a section , the pad pattern on the primary can be set so that when the primary 
can interrogate the device through one of the processes and receiver coil are aligned , the voltage on the receiver is 
described earlier to authenticate and to understand its above the nominal voltage for the battery charger startup . 
voltage / power , etc. requirements . For example , for a 5 V startup , the voltage at center can be 

The MCU1 unit uses the information received above to 10 set for 6 or 7 volts . In this way , the Zener can be chosen to 
set the PWM pattern which it will use to drive the FET have an appropriate value ( 5 V ) and clamp the voltage at this 
drive to produce the appropriate voltage in the receiver . value at the input to the battery charger unit while the coils 

The board continues to ' search ' for other devices on the are centered or mis - aligned . Once the battery charger starts 
pad by scanning coils or using the RFID system , etc. operation after detection of the appropriate voltage at the 
and then turn on other coils as appropriate . 15 input , the battery charger circuitry will pull the voltage at 

The pad also uses monitoring to find out when and if the this point to the pre - programmed voltage or voltage of the 
first mobile device is removed from the pad , or when battery . In this way , the use of Zener diode enables less 
the end of charge is reached . sensitivity to position and other operational parameters in 

Efficiency Enhancements in Coil Registration and Switching wireless chargers or power supplies and is extremely useful . 
In accordance with an embodiment , a global RFID system 20 Efficiency Enhancements Through Coil Stacking 

that can identify the approach of a mobile device to the pad FIG . 18 shows an illustration of a means of stacking coils , 
can be used to ' wake up ' the board . This can be followed by in accordance with an embodiment . In accordance with an 
sequential polling of individual coils to recognize where the embodiment , to achieve higher flux densities , a coil is 
device is placed in a manner similar to described above . constructed with two or more layers , for example by using 
Other embodiments can be used to provide safeguards 25 two or more layers of printed circuit board . Multiple layer 
against false charging of objects placed on the base unit . It boards can be used to allow compact fabrication of high flux 
is known that a metal object placed on coils such as the ones density coils . By altering the dimensions of the coil in each 
in the base of the charger or power supply system will cause layer ( including the thickness , width , and number of turns ) 
current to flow in the primary and transfer power dissipated and by stacking multiple layers , the resistance , inductance , 
as heat to the metal object . In practical situations , this will 30 flux density , and coupling efficiency for the coils can be 
cause placement of keys and other metal objects on the base adjusted so as to be optimized for a particular application . 
unit to trigger a start and to needlessly draw current from the In accordance with an embodiment , a transformer com 
base unit coil and possibly lead to failure due to over- prising two PCB coils separated by a distance has many 
heating . To avoid this situation , in embodiments such as parameters that are defined by the design of the coil , 
described above , the switching of voltage to the coil will not 35 including : 
start unless an electronic device with a verifiable RFID tag R1 is the primary winding resistance , 
is nearby thereby triggering the sequence of events for R'2 is the secondary ( in the receiver ) winding resistance 
recognizing the appropriate coil to turn on and operate . In an referred to the primary , 
alternate geometry , the total system current or individual coil RL is the resistive load , 
current is monitored , and , if a sudden unexpected drawn 40 Lik1 is the primary leakage inductance , 
current is noticed , measures to investigate further or to shut L'IK2 is the secondary leakage inductance referred to the 
down the appropriate coil indefinitely or for a period of time primary , 
or to indicate an alarm is taken . LM1 is the primary mutual inductance , 

In another embodiment , the regulators or battery charging C1 is the primary winding capacitance , 
circuit in mobile devices or batteries , or the regulator in a 45 C'2 is the capacitance in the secondary winding referred 
receiver electronics , typically has a start voltage ( such as 5 to the primary , 
V ) that is required to start the charging process . Once the C12 is the capacitance between primary and secondary 
battery charge circuit detects the presence of this voltage , it windings , and 
switches on and then proceeds to draw current at a preset n is the turns ratio . 
rate from the input to feed the battery for charging . The 50 In accordance with the embodiment shown in FIG . 18 , a 
battery charger circuits operate such that an under or over multi - layer PCB coil 356 is created in separate PCB layers 
voltage at the start will prevent startup . Once the startup 357 , which are then connected 358 , and manufactured 
occurs , the voltage at the battery charger output is typically together via common techniques used in PCB fabrication , 
the voltage of the battery and depends on the state of charge , for example by use of a via or contacts . The resulting overall 
but is for example 4.4 V to 3.7 V , or lower for Lithium - Ion 55 stack is a thin multi - layer PCB that contains many turns of 
batteries . With a wireless charge system such as described the coil . In this way , wide coils ( low resistance ) can be used , 
here , the voltage on the receiver is highly dependent on while the overall width of the coil is not increased . This 
relative position of the primary and receiver coil as shown technique can be particularly useful for cases where small 
in FIG . 5. Since typically the start voltage of the battery x - y coil dimensions are desired , and can be used to create 
charger is within a narrow range of the specified voltage , 60 higher flux densities and more efficient power transfer . 
under - voltage and over - voltage in the receiver coil due to Efficiency Enhancements Through Coil Shape and Materials 
misalignment or other variation will result in shutdown of In accordance with an embodiment , the system can use a 
the battery charger circuit . non - ferrite material for both the primary and the secondary 
Efficiency Enhancements through Coil Voltage Clamping ( receiver ) coils . For example , the coils can be made of 
FIG . 17 shows a figure of a circuit diagram 350 in 65 copper material that is sputtered , deposited , or formed onto 

accordance with an embodiment . In accordance with one a printed circuit board ( PCB ) , as described above . As also 
embodiment , a Zener diode 352 is incorporated to clamp the described above the coils can be formed in any number of 
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different shapes , including , for example , flat or planar hex- other devices , or conflict with federal communications regu 
agonal shapes , or spirals . The coils can also be distributed in lations that prohibit high frequency emissions in consumer 
layers of coils , spirals , and other various shapes . electrical devices . 
One of the advantages of using a non - ferrite or non Automatic Voltage Setting 

ferromagnetic material for the primary and secondary ( re- 5 In accordance with some embodiments , the system can 
ceiver ) is that the coils can be made much flatter and thinner include additional circuits , components , features , and tech 
than a ferrite coil . Additionally , non - ferrite coils can be made niques , which perform specialized tasks , such as mobile 
to have a lower inductance than a comparable coil made device identification , and automatic voltage or power - setting 
from a ferrite material ( the inductance is on the order of 1 for different devices . As described above , although the 
micro Henry , although the actual value will vary depending timing capacitor can be replaced to modify the circuit 
on the frequency of the voltage applied to the coil ) . The frequency and the resulting output voltage of the system , this 
non - ferrite nature effectively eliminates hysteresis in the is not a practical solution for allowing a consumer to modify 
coil , and allows the system to be switched on and off more the voltage , or to modify the voltage to suit the particular 
rapidly , and with less energy storage artifacts . requirements of individual mobile devices . In practice the 
Variations in Coil Circuitry timing capacitor can be used to provide a particular range of 

In accordance with some embodiments , an inductance- output power ( i.e. high power applications ; or low power 
capacitance ( often referred to as an LC or “ tank capacitor " ) applications ) . Additional techniques are then used to adjust 
circuit can be used to provide a range of power outputs to the power for a particular device . This is particularly impor 
approximately suit the intended application . For example , 20 tant when the charger or the pad is designed to power or 
the circuit can be optimized to suit either low - power appli- charge multiple different devices simultaneously , since each 
cations , or high - power applications . of those different devices may have different power and 

Depending on the particular intended application , the voltage requirements . In accordance with various embodi 
original capacitor ( referred to herein as a “ timing capacitor ” ) ments , different features can be used to support this , includ 
in the circuit design can be removed and / or replaced with a 25 ing : 
different value of capacitor to obtain a different overall level Hardwiring the receiver coil to take the voltage require 
of power output . From a manufacturing perspective this is a ments of its device into account , and to use the appro 
relatively simple and inexpensive procedure . This technique priate dimensions to receive the correct voltage for that 
can also be used to easily manufacture different charger or device . However , while this approach works to adjust 
pad embodiments for different end - user applications , in that 30 the voltage for that device , it is by its nature hard - wired 
the majority of the pad components can be designed to be and does not provide much flexibility to adjust the 
common to each pad design , with the primary difference voltage for interoperability between different devices 
being the value for a single capacitor . This single capacitor and different chargers or power supplies . 
can then be specified or changed during the manufacturing Use of dynamic programming to obtain a different volt 
process . Although the timing capacitor can be used to adjust 35 age . In accordance with this embodiment , if the timing 
the system for , e.g. high - power or low - power applications , capacitance is known , then the frequency of the circuit 
the final power output as it is received at the mobile device can be adjusted to produce the required output voltage . 
can be fine - tuned using additional techniques and features In a zero - switching circuit , clipping can be used to tune 
such as those described in further detail below . the voltage . This can include turning the circuit on , then 
Coil Waveform Generation allowing it to turn off but clipping the waveform earlier , 

In accordance with an embodiment , a half - phase electrical and then turning it on again . The process is then 
waveform is used to charge the tank circuit , and to subse- repeated . The clipping may be less efficient than 
quently provide inductive power to the receiver coil in the unclipped switching , but can be used to tune the 
mobile device . Unlike a full - phase waveform , the half - phase voltage . 
waveform can be used with a zero - crossing power supply . In 45 When used with the above capacitor - based techniques , 
accordance with this embodiment , when the transistor in the the choice of timing capacitor can be used to determine the 
primary coil is first turned on , electrical current passes overall range of the charger , power supply , or pad ( for 
through the primary coil and the transistor to ground . When example , whether it is best suited for low power , or for high 
the transistor is turned off , the voltage level at the transistor power applications ) . The additional features can then be 
swings high ( anywhere from twice , to many times the value 50 used to fine - tune the frequency and the output voltage . In 
of the input voltage ) . This is the standard oscillation behav- accordance with some embodiments , additional features can 
ior of an inductor . When the current falls to zero the be used to improve efficiency and to add functionality . 
transistor is turned on again , and the process is repeated . As described above , in accordance with one embodiment , 
Many traditional transformer designs do not use half- the pad circuit 260 incorporates a micro control unit ( MCU ) 

phase waveforms , and instead use a non - zero - crossing 55 266 that can enable or disable the FET driver 268. The MCU 
design , since their ferrite core acts like a capacitor and stores receives input from another sensor mechanism that will 
energy during the off phase , which results in large losses in provide information that it can then use to decide whether a 
power efficiency if zero - crossing was used . However , in device is nearby , what voltage the device requires , and / or to 
accordance with an embodiment , the use of non - ferrite coils , authenticate the device to be charged . The communicated 
coupled with lower power ( on the order of 2 Watts ) allows 60 feedback from the receiver to primary can be used by the 
for suitable efficiency with a half - phase and a zero - crossing primary to , for example , adjust the frequency , or to other 
circuit . wise alter the output voltage to that receiver , using the 

Furthermore , in accordance with some embodiments the frequency / output characteristics described above . Some tra 
half - phase waveform can be designed to have an exponential ditional transformer designs use a third coil to provide a 
or curved shape , rather than an abrupt shape , so that higher 65 measure of feedback . However the use of an MCU as 
frequency emissions are reduced . These higher frequency described herein eliminates the need for such extra coil 
emissions might otherwise cause problems with portable and feedback devices . 
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Also as described above , in accordance with one embodi- efficient regulation for power transfer between coils of small 
ment , a Zener diode 352 is incorporated to clamp the induction value , such as those created by spiral patterns in 
maximum voltage at the output of the receiver prior to the PCBs , stamped metal coils , and low number of turns wound 
regulator or battery charger circuit . In each of the feedback wire coils . In switching mode power supplies used today , the 
designs described above , the actual communication between 5 common geometries used are boost buck , flyback , boost , or 
the receiver and the primary as to voltage requirements can a variation of these types . In most of these geometries , the 
be of open loop design , or of closed loop design . In an open input voltage is switched rapidly by a transistor such as a 
loop design , the charging device , pad or power source FET and the energy is transferred across a transformer to a 
provides the power to the primary , which is then inductively load . In accordance with an embodiment , by adjusting the 
transferred to the receiver and the mobile device or battery 10 duty cycle of the switching circuit , regulation of transferred 
other device to be charged . The primary itself determines power is achieved . 
how much power should be received at the receiver . In a FIG . 26 shows a high level view of a flyback power 
closed loop design , such as in a switching mode power supply geometry 580 in accordance with an embodiment . 
supply , the device / receiver communicates information back During the time that the FET is closed , the current through 
to the primary , and then the primary determines how much 15 the primary coil stores energy in this coil and during the 
power should be sent to the receiver . period that the FET is open , this energy is transferred to the 
Device Identification and Verification secondary ( receiver ) coil and into the load . The energy 
FIG . 19 shows a figure of a circuit diagram 400 for stored in the coil is directly proportional to the inductance of 

identification verification in accordance with an embodi- the coil and values of several hundred uHenry are typical for 
ment . In accordance with an embodiment , the circuit design 20 10's or 100's of Watts of power supply power . 
can be used to ensure a device is valid , i.e. authorized to be In contrast , Printed Circuit Board Coils ( PCBC's ) are 
used with the charger , power supply or pad . The information typically spiral circular , rectangular , or other shape coils that 
can also be used as part of an open - loop or closed - loop are printed on rigid or flexible PCB material or stamped out 
design to set the voltage for the device . In operation , the of sheets of copper or by other methods where the coil or 
primary circuit is first turned on . An initial signal is gener- 25 transformer in a power supply is primarily flat and takes very 
ated as the circuit induces power in the receiver . This little space . Two of these coils placed with a distance 
information is quickly compared with a number or value between them ( such as on both sides of a PCB material ) or 
stored in the MCU , and is used to determine whether the with an air or material gap ( such as in wireless power 
mobile device ( or the receiver associated with that mobile applications where a charger transmits power to a receiver in 
device or battery ) is valid for operation with the base unit , 30 an electronic or electric device that can be separated or 
charger , power supply , or charging pad . In addition to removed from the charger ) can be used to form a transformer 
validation the information can similarly be used to set the such as the one shown in FIG . 26. Switching of these coils 
charging voltage for the receive battery , or mobile device . at high frequency ( ~ 1 MHz depending on the coil geometry 
FIG . 20 shows a figure of a circuit diagram 420 for and size ) can transfer power across an air or material gap and 

bidirectional communication in accordance with an embodi- 35 an efficient power supply with a very small transformer can 
ment . As shown in FIG . 20 , in accordance with an embodi- be developed . Uses of such compact coils for wireless 
ment the charger or power supply or primary can include powering of mobile devices such as mobile phones and MP3 
means for communication with the receiver , battery , or players have been demonstrated . However , many prior tech 
mobile device , including for example radio frequency ( RF ) niques used a laboratory power supply to provide a sinu 
or other means of communication . 40 soidal or similar voltage to the primary coil and study the 
FIG . 21 shows a figure of a circuit diagram 440 for output transferred power , rather than a compact efficient circuit for 

controller in accordance with an embodiment . As shown in a power supply . 
FIG . 21 , in accordance with an embodiment the output In accordance with a ZVS geometry embodiment , a 
controller in the receiver waits until power is sufficient , and capacitor is added to the circuit so that in the switch OFF 
then turns the power on to the mobile device or battery . 45 position , the capacitor and the coil inductor create a resonant 
FIG . 22 shows a figure of a circuit diagram 480 for circuit . During the switch ON time , current passes through 

receiver with regulator or charge management circuit in the inductor while the voltage across the capacitor is zero . 
accordance with an embodiment . As shown in FIG . 22 , in During the period where the switch is turned off , the voltage 
accordance with an embodiment the receiver includes a across the capacitor rises to a maximum value of twice the 
regulator for regulating the voltage . 50 input voltage and then resonates back to zero . A character 
FIG . 23 shows a figure of a circuit diagram 500 for MCU istic of this geometry is that the switch is closed exactly 

regulation in accordance with an embodiment . As shown in when this voltage arrives back to zero ( hence the name Zero 
FIG . 23 , in accordance with an embodiment the MCU can Voltage Switching ) , thereby minimizing power usage and 
provide the voltage regulation . achieving high efficiencies . Some of the benefits of this 
FIG . 24 shows a figure of a circuit diagram 540 for 55 geometry include : High efficiency and loss - less ' transitions ; 

unidirectional communication and data transfer in accor- Reduced EMI / EMC due to soft switching and use of sinu 
dance with an embodiment . As shown in FIG . 24 , in soids rather than square waves ; Peak current is not higher 
accordance with an embodiment the receiver can include a than square wave switching ; and Relatively simple control 
means of transferring data to the mobile device to which it and regulation . In addition , this geometry can work very 
is coupled . 60 efficiently with low inductance values and is therefore better 
FIG . 25 shows a figure of a circuit diagram 560 for suited for the PCBC applications . In accordance with vari 

time - based regulation in accordance with an embodiment . ous embodiments the geometry can be configured to operate 
Zero Voltage Switching in various topologies , for example buck , boost , buck - boost , 

In accordance with some embodiments , the system can and flyback . 
use a technique such as Zero Voltage Switching ( ZVS ) to 65 Some embodiments provide more efficient power transfer 
provide more efficient power transfer and power supply and power supply control and regulation for power transfer 
control . These techniques can also be used to provide more between coils of small induction value such as created by 
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spiral patterns in PCBs , stamped metal coils , low number of FIG . 27 shows how the output voltage to the load is 
turns wound wire coils , etc. In addition , typically , magnetic monitored and with changes in the load condition , a chip or 
cores are not used if the coils are driven at high frequency . a Micro Controller Unit ( MCU ) varies the frequency or the 
For a spiral coil , the inductance of a coil is given by : duty cycle of the FET driver to achieve optimum operation 

5 and controlled output voltage with a changing load . As 
shown in FIG . 27 , a digital control 600 for operation is 

-2N2 shown . However , analog operation can also be achieved and 
( 2r + 2.8d ) x 105 may be simpler and faster in response time to load changes 

and preferable in some applications . In the implementation 
10 shown , the primary ( Control Circuit , Clock , FET Driver , 

Where FET , primary coil , etc. ) and the receiver ( secondary coil , 
L = inductance ( H ) rectifier , capacitor , other circuitry , etc. ) are able to commu 
r = mean radius of coil ( m ) nicate through a wired connection . 
N = number of turns Switching Mode Power Supply with Wireless Communica 
d - depth of coil ( outer radius minus inner radius ) ( m ) 15 tion 
For example , for a coil of 10 turns , an outer radius of 15 In accordance with an embodiment that includes a charger 

mm , and inner radius of zero , then L = 1 uH . While larger or power supply wherein the charger or power supply and 
values can be obtained by increasing the number of turns or the receiver are separable from each other ( wireless or 
stacking a number of coils vertically and connecting them in inductive charging or supply of power to devices ) , the 
series , this larger induction comes at the price of increased 20 charger or power supply can contain the basic control and 
resistance and therefore loss in the inductor . switching functions while the receiver contains the rectifier 

Spiral coils printed on PCBs without use of any magnetic diode and capacitor for smoothing of the output voltage and 
additional circuitry . In this embodiment the two parts need core can provide high power transmission efficiency if 

operated at high frequency . An analogous method to the to communicate with each other wirelessly . 
FIG . 28 shows an implementation of a more sophisticated above technique is one referred to as Zero Current Switching charger or power supply . According to this embodiment , ( ZCS ) . ZCS operates by similar principles ; however switch where the primary stage and the secondary ( receiver ) stage ing is done during zero current passing through the switch communicate wirelessly . In the geometry shown in FIG . 28 , thereby achieving low switching losses . In the following a digital control scheme is implemented . The primary ( char 

discussion , ZVS switching is generally discussed ; however , 30 ger or power supply ) 620 is controlled by a Micro Control 
the ZCS geometry can equally be applied to the following . Unit ( MCU1 ) that receives signals from a Current Sensor in 
In accordance with some embodiments , methods are series with the coil . The communication between the charger 
described for achieving and optimizing high power transfer and the receiver 630 is achieved through the same coil as the 
with such small and / or thin coils with low induction values power transfer . However , these functions can be separated . 
and describe several techniques for control and regulation of 35 In the geometry shown , the secondary ( receiver ) contains 
this power in real world power applications . While this circuitry that enables this part to modulate the load as seen 
technology is generally described for any type of power by the primary . In accordance with an embodiment this is 
supply using such inductors , in accordance with a particular achieved through modulation of switch Q2 by an MCU2 in 
embodiment the two coils in the transformer are separated , the receiver . This can be a very small Programmable IC 
with the primary being in an inductive charger and the 40 ( PIC ) and can easily fit into very small form factors . As the 
receiver embedded in a device , battery , casing , skin , or other primary charger or power supply sends power to the sec 
part of an electronic or electric device . In this case , a ondary receiver , the circuit in the receiver turns on . The 
wireless charger or power supply can be created which is power received is rectified and filtered by rectifier D1 and 
especially useful for charging or powering mobile electronic Capacitor C2 respectively . Since MCU2 requires constant 
or electric devices or batteries . 45 voltage input at all times , a small , low current regulator 

The advantages of use of ZVS geometry in general , and ( Voltage Regulator ) for powering MCU2 only is incorpo 
in particular for coils with small inductance and no magnetic rated . This can be a linear or switching regulator . Since the 
cores , has been described above . However , another impor- power usage of MCU2 is very small and the unit can also be 
tant aspect of power supply design is the Control and put into hibernation between tasks , use of this regulator does 
Regulation Circuitry that is implemented . Regulation of the 50 not affect the overall efficiency much . The output of the 
power to a load can be achieved by a linear or switching rectified stage is input to a device or Charge Management IC 
regulator at the output stage . However , if the regulation of for the case of a battery charger configuration . This Charge 
the power is achieved in this way and constant power is Management IC is integrated into most Original Equipment 
supplied from the primary coil , under light load conditions Manufacturer ( OEM ) mobile devices that operate by 
( such as when a battery is fully charged or a device is on 55 rechargeable batteries or can be integrated into or on a 
stand - by , then the power generated and transmitted by the rechargeable battery to directly charge the battery when the 
primary is mostly wasted leading to a low efficiency power battery is in proximity to the charger . The Charge Manage 
supply . A better solution is achieved by adjusting the power ment IC typically , for a fully drained battery , will pass on the 
into the primary coil under different load conditions , to maximum input current to the battery to enable rapid charg 
maintain high efficiency during different load conditions or 60 ing when the battery is at low voltage . This presents a low 
battery charging stages . impedance load to the power supply circuit and requires the 

In accordance with an embodiment , such control of output power supply to sustain the voltage at the required value 
power in a ZVS power supply can be achieved by changing while supplying the current . The Charge Management IC is 
the frequency of the operation . In this embodiment , the in communication with the MCU2 which also monitors the 
output power is inversely proportional to the operating 65 output voltage ( Vout ) and tries to maintain this Vout within 
frequency and control can be achieved by an appropriate a pre - programmed range . This is achieved by MCU2 send 
control circuit . ing a digital signal to Q2 to modulate the switch . This 
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modulation is prior to the rectifier stage and is at high It is important to note that , in the embodiment , the voltage 
frequency so the rectified and smoothed Vout is not affected . regulator in the receiver does not regulate the output voltage 
However , this modulation of the impedance of the secondary to the load itself . If the regulator was performing this 
stage affects the current through the primary coil stage and function , then the control and regulation described here 
can be easily detected by the Current Sense circuit in the 5 would not be necessary . However , the overall system effi 
primary . ciency is much lower and , with a constant power going into 

In accordance with an embodiment the Current Sense the receiver , some fraction of this power is wasted as the 
circuit can comprise a small resistor in parallel to a voltage battery reached a full charge or as the load became lighter 
amplifier , a Hall sensor , etc. The output of the Current and less power was required . This wasted energy can heat up 
Sensor is connected to MCU1 and the digital sequence is 10 the receiver , the load , or the device battery depending on the 
detected by an A / D converter . The firmware in MCU1 geometry . All of these cases are undesirable . In the geometry 

described here , the primary can in these cases adjust to send determines whether the output voltage is too high or too low 
and then executes the appropriate step to adjust accordingly less power to the receiver , thereby maintaining high effi 
by sending a signal to a clock to adjust the frequency of the 15 Verification and Data Transmission ciency regardless of load condition . 
FET drive to bring the output of the power supply to within In accordance with an embodiment , the digital transmis acceptable range . Higher drive frequency corresponds to sion process described here is bi - directional , and can be used lower output power by shortening the time for integration of for verification process at start of charge or power transfer 
power in the resonant ZVS cycle and lower frequency to ensure that the right kind of device is present and about 
corresponds to higher output power . 20 to be charged , or to inform the charger or power supply 

In accordance with an embodiment , one method for about the voltage / power requirements of the device or 
implementing the variable frequency is to use a variable battery to be charged or powered . In accordance with an 
frequency source whose output frequency changes with embodiment , this bi - directional data transfer can also be 
change in the voltage to its input . Using a programmable used for actual data communication between a device and a 
resistor and changing this resistor value by varying a voltage 25 charger or power supply . For example , the charger or power 
signal from MCU1 , the frequency for driving FET 1 can be supply can be powered by the USB outlet of a laptop and 
changed . Other methods for achieving this change are also simultaneously receive data from the laptop to be transferred 
possible . to a mobile device . When a mobile device or battery is on the 
As an example of the method for control , in a typical charger or power supply , it can be charged or powered , and 

application , the operating frequency of the circuit can be 1-2 30 its data can also be synchronized simultaneously through 
MHz and the data transmission for control is at 14.4 kbits / this channel . 
sec . If the full output power range is achieved by moving the Extension to Other Geometries 
frequency in the 1.2-1.4 MHz , this range is broken into 256 While the above discussion has focused on one imple 
steps . In one implementation , the receiver sends a digital mentation of the control with a Zero Voltage Switching 
code corresponding to the output voltage and MCU1 com- 35 power supply , the basic concepts for the control , verification , 
pares this to the earlier output voltage value and makes a and data transmission are applicable to other geometries and 
determination about which direction and by how many steps topologies , and can be implemented in a similar manner . In 
to move the frequency . The frequency is then changed accordance with some embodiments , the Charge Manage 
accordingly . In another implementation , MCU2 sends one of ment Circuit is optional and is only used when a battery is 
2 values corresponding to a voltage high or low condition . 40 present at the load . For example , as shown in FIG . 28 , If 
If the voltage is within range , MCU2 does not communicate Vout is used to directly operate a load , the Charge Manage 
with the primary . When a voltage high signal is received , ment Circuit is not used and Vout is directly connected to the 
MCU1 , takes a pre - determined step towards higher fre- load . 
quency to lower the output power and the process is repeated Fully Regulated Switching Mode Supply with Wireless 
until output voltage is within required range . A voltage low 45 Communication 
signal has the opposite effect . Many variations of these basic FIG . 28 , described above , shows the basic building blocks 
methods are possible to allow rapid , efficient locking of the for a digitally controlled wireless control circuit for a Zero 
output voltage . Proportional - Integral - Derivative ( PID ) tech- Voltage Switching ( ZVS ) circuit were described . The geom 
niques , etc. can also be used . Depending on the geometry , etry shown in FIG . 28 can regulate the output power through 
the circuit may also use a switch Q3 in series with the load . 50 a wide range . However , as a battery charges or the load 
This optional switch may be opened during communication condition changes to require very low output powers , the 
to create a better signal to noise ratio . Since communication accuracy required for control of the Vout may require many 
occurs in several msec , opening and closing Q3 rapidly does finer steps or not be possible with the geometry of FIG . 28 
not have a large impact on charging time of a load battery alone . 
that can be in many hours . FIG . 29 shows an embodiment that includes an enhance 

In accordance with an embodiment , as the battery charges ment that can be used to address the ZVS issue . 
and its terminal voltage rises , the Charge Management IC In the fully regulated power supply shown in FIG . 29 , a 
throttles the incoming current back , and switches to a mode voltage regulator ( Voltage Regulator 1 ) that can switch the 
where the voltage across the battery terminal is maintained input voltage between 2 values or more is used . In normal 
at or near its final value . The supply will sense a higher 60 operation , Q2 is closed and the Voltage Regulator 1 is shut 
output impedance and MCU2 and MCU1 work in concert to down though its enable pin . Therefore , the input voltage is 
keep the output within range throughout the charging cycle . directly available for the Coil L1 and is regulated as 
At the end of the charge cycle , the Charge Management IC described earlier . However , if the output requires extremely 
can signal end of charge cycle to MCU2 which sends a low powers ( such as end of charge stage for batteries ) , and 
pre - determined code to MCU1 to shut down the charger , 65 the charger determines that a switch to a different range is 
move to hibernation mode or take some other pre - deter- required , Q2 is opened , and Voltage Regulator 1 is switched 

on to change the input to Coil 1 to a lower voltage value . 
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Regulation is maintained at this range by shifting to the Regulated Switching Mode Power Supply with Isolated 
appropriate frequency to achieve required output power . For Transformer Feedback 
example , if Vin is 5 V , this lower voltage level may be 3 V. In accordance with an embodiment , another geometry for 
Multiple voltage levels are also possible . the regulation uses a similar analog feedback technique with 

the feedback information being transferred through a sepa 
Since for most cases , and in high power conditions , Q2 is rate isolated transformer . 

open and Voltage Regulator 1 is turned off , high overall FIG . 31 shows an embodiment in which the opto - coupler 
system efficiency can be achieved . Only during the lowest is replaced by a Voltage Controlled Oscillator ( VCO ) and 
current conditions , the input voltage is changed by switching FET and in the primary , the signal is sent to adjust a 
this Voltage Regulator 1 on and regulating at this level . frequency controller to provide optimum output voltage . An 
Depending on the type of regulator used , some efficiency optional voltage regulator and switch Q2 can also be used to 
loss can be expected in this regime . However , this occurs at provide precise control at low output powers . Similarly , this 
very low output power levels only . Voltage Regulator 1 can communication can be implemented digitally , and also 

requires a high bandwidth to allow for rapid response . Since be a high efficiency Switching DC - DC supply or a lower the circuit in FIG . 31 is completely wireless and does not frequency , less complicated and less costly linear regulator 15 require optical components , it may be preferable in cases 
depending on efficiency / cost trade - offs . where an optically transmissive window in the charger or 
Regulated Switching Mode Power Supply with Opto - Cou- power supply or the receiver may not be possible . 
pler Feedback Regulated Switching Mode Power Supply with RF Feed 

back Regulation 
The geometries described above use a digital method for In accordance with another embodiment , the information 

transmission of information between a primary and receiver between the charger and the receiver can be exchanged 
circuit . However , in some cases , the load changes instanta- through a wireless link in the two parts . The advantage with 
neously . Examples are when in a laptop computer , the screen this embodiment compared to the optical case is that the two 
or the hard drive start or shut down , etc. To handle these parts do not need to be optically transmissive . In addition , 
cases , the feedback loop has to be extremely fast to avoid 25 compared to the earlier - described versions ( optical and 
having severe and rapid voltage overshoots and undershoots . through a transformer ) , the relative alignment is not as 
This becomes especially important for high power applica important . However , in most practical application , the char 

ger or power supply and the receiver coil will be aligned for tions . power transfer , so an alignment of some degree will occur 
FIG . 30 shows an embodiment in which instead of a and with the right geometry , can enable transformer or 

digital feedback circuit , an analog circuit based on coupling optical feedback alignment and regulation to be imple 
between an LED and a light detector can be used . mented . 

FIG . 32 shows an embodiment in which the wireless link In this case , the output voltage , Vout is continuously can be analog or digital ( requires higher bandwidth and compared to a reference voltage and the intensity of light complexity ) or can be integrated into the device to take 
from a diode changes rapidly in proportion to the voltage 35 advantage of existing wireless links in the device ( Blu 
value . A detector in the charger stage provides a voltage etooth , WiFi , Wireless USB , WiMax , etc. ) . 
value to a frequency controller that controls the FET drive . FIG . 33 shows a basic schematic for an inductive single 
An MCU in the charger , MCU1 also monitors the process coil charging system in accordance with an embodiment . As 
and can switch on an optional lower voltage input to the shown therein , the coil inductor in the charger pad is 
primary coil ( through Q2 and Voltage Regulator ) if neces- 40 switched by Switch T which is typically a FET transistor . A 
sary . It can also sense the end of charge or perform verifi- capacitor in parallel with the FET may be used to improve 
cation or other tasks . performance . The receiver in the right hand side comprises 

In some embodiments a high power completely wireless a similar coil , rectifying diode , and a capacitor to provide 
inductive charger for a laptop requiring up to 90 W con DC output to a load Rz . 
tinuously can be implemented with this scheme . In accor FIG . 34 shows the main components of a more advanced 
dance with an embodiment the transformer coils are PCB wireless power / charging system . Charge Management IC in 

the receiver also controls the charging of the battery to spiral coils that have 4 " or more diameters and comprise 7 
turns with a total inductance of 1 micro Henry . The rapid ensure appropriate charging . The MCU1 and current sense 
response time of the analog circuit allows maintaining of the chips in the charger and MCU2 can provide bi - directional 
output voltage with rapid swings in the load . The charger or 50 communication between the charger or power supply and 
power supply comprises a pad where the charger or power the receiver for optimum charging or supply of power . The 
supply circuitry and a flat spiral PCB coil are integrated into optional voltage regulator in the receiver is used to provide 
and the receiver comprises circuitry and a similar coil a constant low current voltage to MCU2 and is not regulat 
integrated into the bottom of a laptop . The optical compo ing the power into the battery . The Receiver is integrated 
nents are mounted such that the light from the transmitter is 55 into or on a mobile or electronic device or a rechargeable 
detected by the receiver in the charger or power supply . battery . Points A , B and C are described later and can be used 

for placement of switching circuits . Q3 is a switch that can Digital communication through the optical parts is also disconnect the battery during communication for higher possible to achieve this result , but requires a higher band signal to noise ratio and is optional . width and high speed processing . An embodiment of the system incorporates a MicroCon 
It will be evident that these features , or any other geom- trol Unit ( MCU1 ) that can enable or disable the FET driver . 

etry described here , can be combined to achieve the desired This system also uses a Charge Management IC in the 
results . For example , while the control process for regulation receiver which controls the charging of the battery to ensure 
may be through the opto - coupler feedback described here , a appropriate charging profile is followed and the battery is 
separate digital data link through the coil can be established 65 not overcharged . Most mobile devices today already include 
for data transmission or verification of the charger , power a Charge Management IC in their power circuit between the 
supply , or vice versa . input power jack and the rechargeable battery of the device 
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to control charging of their internal battery . This chip can be capable of drawing power being nearby . However , 
incorporated into the receiver circuitry to enable a battery to there may be a possibility of false starts with metallic 
directly receive power from an inductive source as shown in objects or wires in any electronic device or battery 
FIG . 34 . drawing power . A second level of verification may be 
FIG . 34 also shows a Zener diode ( Zl ) incorporated at the 5 desirable . 

receiver . This Zener is used to ensure that the output voltage To enable a more secure verification , in accordance with 
from the rectifier does not exceed a pre - determined value . In an embodiment the MCU1 can periodically start the FET some instances this may be important , since the output of the driver . If current is being drawn , MCU1 may activate the Q1 receiver is fed into a Charge Management IC that may have in a predetermined state ( for example , this may be a low a finite turn - on time . At the beginning of charging ( when a 10 power state ) . This can provide a first level indication that a device is placed on a pad first ) , the Charge Management IC receiver may be nearby . If there is a genuine receiver nearby may seem like a high impedance load . Without the Zener ( versus , say , a metallic object , electronic device , or a non diode , such a load may cause the voltage the input to the 
Charge Management Circuit to increase to high values , approved receiver ) , the emitted power from L1 will power 
potentially exceeding its safe operating conditions . A fast 15 the receiver circuit . The charge control circuit in the figure 
Zener diode can clamp the voltage under this or other or another chip in the Receiver circuit can be pre - pro 
unusual conditions and may be incorporated into the grammed so that on power - up , it draws current in pre 
receiver . Depending on the architecture , other methods for programmed manner . An example of this is the integration 
avoiding such conditions may be incorporated . Incorporat of the MCU2 and chip model number 10F220 Program 
ing a Zener Diode is an effective , and inexpensive method 20 mable IC by Microchip Inc. or another inexpensive micro 
for dealing with these potential issues . controller that upon power - up , executes a predetermined 

In accordance with an embodiment , the receiver may also program that modulates the current being drawn in the 
incorporate a voltage regulator just to provide a constant receiver in a predetermined code ( which can be encrypted ) . 
voltage ( or voltage in the acceptable range for operation ) to This receiver modulation can be detected as a current 
MCU2 . This voltage regulator just provides the low power 25 modulation in the current through the L1 by the charger or 
necessary for this and is not in the path of the main power power supply current sensor in FIG . 34 . 
going into the battery . Any power loss due to this regulator After the initial handshake and verification , the MCU1 
is small , because it is very low power and does not affect the and current sense chips in the charger or power supply and 
overall system efficiency much . It is mainly used to keep the MCU2 can provide bi - directional communication between 
MCU active during startup or other changes so the commu- 30 the charger or power supply and the receiver for optimum 
nication with charger or power supply is maintained . charging or supply of power . The system can also regulate 

The MCU1 receives input from another sensor mecha- the power and voltage received at the Charge Control Circuit 
nism that provides information that it can use to decide to insure overvoltage conditions do occur . As shown in 
whether a device or battery is nearby , what voltage the FIG . 34 , switch Q3 is a switch that can disconnect the 
device or battery requires , and / or to authenticate the device 35 battery during communication for higher signal to noise 
or battery to be charged or powered . Several examples of the ratio and is optional . 
mechanisms for providing this information are : If the handshake and verification between the charger or 

The MCU1 periodically starts the FET driver . The current power supply and the receiver is not successful , the MCU1 
through the FET is monitored through a current sensing will assume that the device drawing power is not an appro 
method . The inductance of L1 is highly dependent on the 40 priate receiver and will terminate powering it . This process 
presence of objects nearby that affect its magnetic field . invalidates false starts due to objects being accidentally 
These objects include metallic objects or another nearby coil placed on the pad , and also provides protection against 
such as L2 . Switching L1 at high frequency ( 100 kHz to counterfeit or non approved receivers . An RFID , Near - Field 
several MHz ) through a Field Effect Transistor ( FET ) such Communication ( NFC ) or other wireless data transmission 
as Q1 , the value of current being drawn is highly dependent 45 method reader that can detect an RFID , NFC , or other tag 
on the L1 Value . This property can be used to sense the included with the receiver circuit and antenna ( i.e. device or 
presence of nearby devices or batteries capable of drawing battery to be charged ) . The information on the tag can be 
power and also to enable bi - directional communication if detected to identify the voltage for the receiver required , and 
desired . Several methods for this are possible : to authenticate the circuit to be genuine or under license . 
A small resistor can be placed in series with the FET to 50 The information on the tag can be encrypted to provide 

ground contact . The voltage across this resistor can be further security . Once a device containing the tag is near the 
measured by a current sensor chip such as Linear charger or power supply pad , the tag reader is activated , the 
Technology Current Sense Amplifier part number system reads the information on the tag memory , and 
LT1787 . compares it with a table to determine authenticity / voltage 

A Hall sensor such as Sentron CSA - 1A that measures the 55 required or other info . In some embodiments , this informa 
current from a wire running under it can be placed on tion table can also reside on the MCU1 memory . Once the 
top of the PCB line from the FET to the ground to information is read and verified , the MCU1 can enable the 
measure the current without any electrical connection FET driver to start driving the coil on the pad and to energize 
to the circuit . The advantage of this approach is that no the receiver . 
extra resistor in series with this portion of the circuit is 60 A Hall sensor or a Reed switch can sense a magnetic field . 
necessary reducing the impedance . If a small magnet is placed inside the receiver unit of the 

Other techniques can be used to measure the current . system , a Hall sensor or Reed switch can be used to sense 
By monitoring the current and comparing it to a baseline presence of the magnet and can be used as a signal to start 
measurement taken at power up , and periodically with the FET . 
no devices nearby , MCU1 can determine whether a 65 Other capacitance , optical , magnetic , or weight , etc. sensors 
device or battery is near the coil and drawing power . can be incorporated to sense the presence of a receiver and 
This provides a first level verification of an object to begin the energy transfer process . 
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The methods for verification and communication between charger or power supply by changing duty cycle , etc. ) do not 
the charger or power supply and the receiver are provided have a large impact on efficiency . 
above by way of example , and in accordance with various Position Independence Using Layers 
embodiments . In practice a combination or a variation on the From the discussion above , one can achieve the goals of 
above methods may be used . It will also be evident that 5 high efficiency and position independence if a method is 
different embodiments can use different verification tech- found wherein the offset between the charger or power 
niques , in addition to or instead of those described above , supply and receiver coils is always kept equal or less than 
and various combinations of such . r / 2 . In the case of hexagonal spirals with side = r , the maximal 
Efficiency Enhancements Through Lateral Offset Between diameter is 2r ( similar to a circle with radius r ) . So for a 
Coils given hexagon with side = r , the same relation holds . As 

FIG . 35 shows a typical experimental curve for power described herein , several methods of achieving this are 
transferred and Power Transfer Efficiency through a pair of proposed . 
circular spiral coils as a function of lateral offset between the FIG . 36 shows an embodiment in which a coil mosaic is 
center of the coils . The power transferred is shown at the used to cover the surface area of the pad . The circuitry can 
receiver after rectification and other electronics , and is the include means of sensing the presence of a receiver coil to 
DC power available for charging / powering a device . Power start the appropriate driver to provide power . The drive and 
Transfer Efficiency is defined as the DC Power out from the sense circuits and other electronics are shown here as 
receiver divided by DC power into the charger or power components in the perimeter of the coil area but can be 
supply circuit ; so it includes any power consumed by the 20 located anywhere . The approximate Effective Area is also 
FET driver , the FET , rectifier diode , and other electronics . shown . If the center of a receiver coil is placed anywhere 
This efficiency includes all losses ( electronics , coil to coil within the effective area , the receiver will receive the 
losses , rectifier , etc. ) and is a more practical number for specified power with only one appropriate coil in the charger 
efficiency than the ratio of AC power out of a receiver coil or power supply activated . 
to AC power into a charger or power supply coil commonly 25 In the geometry described here , each coil is driven by its 
used . It can be seen that very efficient power transfer own drive circuit . A sensing mechanism senses the presence 
efficiency can be obtained with inductive methods . In accor- of a receiver coil on top or close to a charger or power supply 
dance with the example shown , the coils can be identical and coil and starts the drive circuit to power the appropriate coil . 
1.25 " in diameter and comprise 10 turns . The sensing mechanism can be a current sense mechanism . 
As can be seen from FIG . 35 , for the coil geometries used 30 Each coil drive circuit can periodically start driving the coil 

here , at an offset between the center of coils of half the at an appropriate frequency and a current sense circuit can 
radius , the power transferred can be 75 % of the maximum monitor the drawn current to sense when a receiver is nearby 
value . Improvements in flatness of the curve may be possible thereby affecting the inductance of the charger or power 
with changing the design of the coil to overlap more of the supply coil . Driving the charger or power supply coil circuit 
field on the outer areas of the coil or by using hybrid coils . 35 at an appropriate frequency determined by the inductances 
However , it is important to note that while the transferred of the charger or power supply and receiver coils and the 

power decreases with offset between the coil centers due to capacitance of the load , can provide very high sensitivity to 
reduced overlap of the coil areas , the power transfer effi- this change in the inductance . 
ciency ( ratio of DC power out from receiver to DC power Additional verification can be obtained by exchanging a 
into charger or power supply ) remains relatively constant in 40 verification code through the coils or by exchange of infor 
the range of offset < 3r / 4 . This is a more critical factor in mation through a second wireless data communication link 
design of an efficient system . If one assumes that a system ( such as RFID , NFC , WiFi , etc. ) between the pad and the 
can be designed such that the coil offset is never larger than device ( s ) to be charged . The code exchange can also provide 
r / 2 , then in a wireless charging or power transfer system , information to the charger or power supply coil regarding 
then , one can design the system such that the power trans- 45 the necessary voltage , power , temperature , or other diag 
ferred at this maximum possible offset is equal or greater nostic information for achieving reliable charging . 
than the maximum transferred power necessary . The approximate Effective Area is shown in FIG . 36. Any 

For example , if FIG . 35 represents the maximum power point within the Effective Area shown has the property that 
transfer possible given the particular coil type , size , and a receiver coil placed with its center within this area is 
geometry and the switching circuit ( FET ) and circuit design , 50 always within half a width or less of the center of at least one 
then 3 W or more power can be transferred depending on the charger or power supply coil . If the system is designed such 
offset between the coils assuming that the coil offset is that moving the receiver coil within half the width of the 
always smaller or equal to r / 2 . For a power supply applica- center of any given activated coil provides at minimum the 
tion where regulated , constant power to a device is neces- maximum output required ( i.e. 3 W in the earlier example ) , 
sary , using regulation of the output power or a feedback to 55 the Effective Area has the property that a receiver coil with 
the charger or power supply to change the frequency or duty its center anywhere within this area can receive the neces 
cycle , etc. to keep the power constant can insure that the sary maximum output power or more with only one appro 
received power to a device is independent of the offset priate charger or power supply coil activated . 
between the coils . For example in this case , using regulation , For the geometry shown in FIG . 36 comprising 75 hex 
one can ensure that up to a maximum power of 3 W can be 60 agonal coils with side = r in 3 layers , the effective area is 
provided to a load independent of coil offset ( up to the approximately 12 r wide and 6 mr high where mr is the 
maximum allowable offset - assumed to be r / 2 here ) . In this minimal radius of the hexagon = v3 r . The total area is 
case , the 3 W is sufficient for most mobile devices ( mobile approximately 62r . In accordance with an embodiment , the 
phones , cameras , Bluetooth headsets , etc. ) . Again , it is noted Coverage Efficiency ( CE ) is defined as the Effective Area in 
that the overall efficiency of the system remains high in all 65 units of coil radius ( for circular coils ) or length of side ( for 
cases , since the offset ( within the range of possible offset Hexagonal coils ) divided by the number of Coils used . CE 
values ) and regulation of the power ( if it is performed at the -0.83 in this example . 
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To consider an example , one can take the maximum offset and control circuitry to work which can be extremely fast ) . 
between the receiver and charger or power supply coil to As an example , for N = 10 , this switch disconnect and con 
achieve sufficient output power to be half the width of a coil nect time is under 100 msec , which is quite achievable . Even 
( assuming symmetrical coils ) . Using coils with different lower switching speeds are acceptable for longer response 
width or radii ( in the case of circular coils ) or other geom- 5 times . 
etries would change this value . It can be shown that a hybrid In accordance with an embodiment , the 1xN switches coil with a PCB coil and a wound wire coil are placed on top may be implemented by electronics circuits or SPDT or of each other is shown to have a more flat power transfer DPDT IC switches , relays , MOSFETs , or Micro - Electro efficiency curve as a function of offset between the charger Mechanical Systems ( MEMS ) switches . Other methods for or power supply and receiver coil offsets . The general results 10 switching may also be employed . and the operating principles for the embodiments discussed 
herein are valid regardless of what type of coil , geometry , or As an example of a an IC switch for this application , a 

series of Single Pole Double Throw ( SPDT ) switches with regulation is used to allow larger ( or smaller ) insensitivity to 
charger or power supply / receiver coil offset . relatively low Rds of 80 m 2 that can be used in this 

For the remaining portions of this document , embodi- 15 application . An example of the SPDT is available in a Quad 
ments are generally described which use half the width of ( four switches ) pack and is capable of carrying 500 mA 
the charger or power supply coil as the maximum allowable which is sufficient for most low power applications . If larger 
offset between the charger or power supply and receiver coil current carrying capability is desired , two or more of the 
before the transferred power becomes lower than the desired switches may be used in parallel . This particular IC also 
maximum transferred power value . 20 incorporates over current , short circuit , and temperature 

The sense and control mechanism in the Configuration sense circuitry which provides additional safety features for 
shown in FIG . 36 may be shared between a number of drive a system . A 1xN switch can be created by connecting several 
circuits to reduce parts count or may be integrated with each of such switches . 
drive section . A number of other sense mechanism such as In accordance with one embodiment , the surface of a 
magnetic , optical , or capacitance sensors may also be used . 25 charging pad is divided into segments where within each 

FIG . 37 shows an alternative embodiment in which the segment , a significant Effective Area wherein the center of 
number of drive ( and sensing ) circuits may be reduced by a receiving coil can be placed to receive power is created . 
using 1xN electrical or electronic switches . In this embodi FIG . 38 shows a case where a three - coil layer PCB is ment , a number ( N ) of coils are connected to a 1xN switch arranged to provide a cluster for uniform power in an area that is on the other side connected to a coil drive and sense 30 using only one coil powered at any given time . In this case , circuitry . The switch periodically switches each of the coils 
in rotation to the coil drive and sense circuitry . Once an layer 1 comprises six coils arranged around a central coil for 
appropriate receiver coil in the vicinity of a charger or power a total of seven coils . The second and third layers comprise 
supply coil is detected , that coil may be interrogated further six coils total . In total , nineteen coils exist in the three layers 

of the PCB . to verify a chargeable device is nearby and then charging or 35 
powering of the device begins . FIG . 39 shows the coils are arranged such that by pow 
One drawback of this scheme is that since each drive ering only one of the coils in the cluster , any receiver coil 

electronics module can at most only be connected to 1 coil ( for the receiver ) placed with a center within any location in 
out of N coils in each segment , 2 devices placed on 2 the effective area receive the specified power if the appro 
different coils in that segment may not be powered or 40 priate charger or power supply coil is activated . When the 
charged simultaneously . In practice , since each device to be three layers are stacked together , seen from above , the 
charged will cover a certain amount of area on the surface , structure is as shown in FIG . 39. As described above , any 
by appropriately segmenting the pad and choosing the size point within the Effective Area shown has the property that 
of charger or power supply and receiver coils , one can a receiver coil placed with its center within this area is 
minimize the impact of this effect . 45 always within half a width of the center of at least one 

For an extreme case that N = NC ( i.e. the number of coils charger or power supply coil . Therefore , it can receive the 
in the pad ) , one can use a single drive and sense electronics necessary minimum power or more with only one appropri 
module to monitor and power any coil in the pad thus greatly ate charger or power supply coil activated . 
simplifying the architecture and potentially the cost of the For the case shown in FIG . 38 with nineteen distinct coils , 
charger or power supply . However , only one receiver coil , 50 five of the quad SPDT chips mentioned above can provide and hence only one device may be powered up or charged the necessary Switching capability to allow a single drive at any given time . The desirable characteristics of the 1xN and sense circuit to sense the presence or absence of a switch are : 
Low ON resistance : This would reduce wasted power in receiver coil near each coil . In accordance with an embodi 

the the form of heat at the switch . sequence can be : 
High current capability : For power charging applications , The switches are set so that the coil 1 in Layer 1 shown 

depending on application and device to be charged , 0.5 as ( 1,1 ) in FIG . 38 is connected to a switching and 
A and higher , up to several Amps of current may be sense circuitry similar to the left side of FIG . 34 ( i.e. the 
carried in ON state . charger or power supply in FIG . 34 ) . 

High reliability : Failure of a switch would render the 60 MCU1 gives a command to the FET driver to begin 
related segment dysfunctional . switching the coil . The duty cycle may be set very low 

Fortunately , the switching speed of the 1xN switch is not to generate a low voltage in any potential nearby 
critical for this application . For example , if it is desired for receiver coil . 
the pad to have a 1 second response time ( time it takes for If a receiver coil is nearby , it begins drawing power from 
the pad to sense a device and begin charging ) , the switch 65 the charger or power supply coil . This can be sensed as 
must be able to disconnect and establish a new connection a higher than normal current draw in the current sense 
in under 1 / N seconds ( ignoring the time it takes for the sense circuit of the charger or power supply . 

ment , 55 
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Additionally , the charger or power supply and receiver cascading of switching layers increases the Series Resis 
coil can exchange a code to confirm that a valid device tance along the current path of the charger or power supply 
or battery with appropriate circuitry is nearby and coil which is undesirable . 
verified . In the examples given above , the switching is shown for 

At this point , the amount of current through the sense 5 Point A in FIG . 34 prior to the coils . However , Point B can 
circuit is digitized by MCU1 and saved in its memory . also be used for this purpose . 

Alternately , the receiver circuit can note the amount of The associated electronics are shown on the perimeter of 
voltage or power being received and report back to the the coils but can be placed in other locations too . 
charger or power supply . This information can be FIG . 41 shows a multi - charger or power supply pad that 
encoded by modulating the input impedance of the incorporates four of the clusters shown in FIG . 39. A device 
receiver circuit by MCU2 . This information is then to be charged or powered would have to be placed such that 
sensed by the charger or power supply sense circuitry , the center of the receiver coil is within one of the effective 
digitized by MCU1 and saved . areas in one of the clusters or segments . As an example , if 

The FET driver and therefore the FET are disabled . the cluster is made of hexagons with side lengths r , a 
The switches are configured to connect the drive and hexagonal Effective Area in the center of the cluster with a 

sense circuitry to the next coil ( Coil ( 1,2 ) in this maximal diameter of 5 ris created . The Effective Area -19r 
example ) achieved with 19 coils giving Coverage 

Commands 2 through 8 are executed until all coils have Efficiency = Effective Area ( in coil radius or side length 
been activated and tested . 20 Units ) / Number of Coils = 1 . 

MCU1 compares the values received for sense currents For a typical coil of r = 0.625 " side , this leads to a maximal 
and determines which coil has the highest sense current diameter of 3.125 " . Such an almost circular Effective Area 
when turned on . This is the closest charger or power with a diameter of over 3 " can be marked on the surface of 
supply coil to the receiver coil . If additional circuitry the charger or power supply pad and allows the user to easily 
for confirmation of valid receiver through exchange of 25 place the receiver coil inside ( or on ) a mobile device such as 
code is implemented , the closest coil has to also pass camera , mobile phone , batteries , game players , etc. in the 
this test . right location for charging without much alignment and 

The appropriate coil is turned on and charging starts . An effort . Each of the clusters in the configuration shown in 
FIG . 41 can have their own coil drive and sense circuits or additional verification can be performed prior to start of 

charge . 30 may share this circuitry through multiplexing with switches . 
In this way , a practical system for providing a large The charging continues in open or closed loop depending Effective Area in each charging area ( i.e. segment ) while on the system architecture until end of charge is maintaining high power transfer efficiency is developed . A achieved . This is either indicated to the charger or significant advantage is also that simultaneous charging of power supply by the MCU2 or sensed in the charger or 35 multiple devices can be achieved . power supply sense circuit by a change in the amount It should be noted that the charger or power supply coils 

of current being drawn . can be designed to be larger than the receiver coils . By doing 
Depending on the characteristics desired and cost / perfor so , one can obtain an even larger effective area and insen 

mance tradeoffs , it may be decided that for each cluster , 2 or sitivity to placement of the receiver coil . The Effective Area 
more drive and sense circuits and a smaller number of 40 has a maximal diameter of 3r . Other combination of coil 
switches are used . patterns to achieve local position independence with a 
FIG . 40 shows one configuration wherein the number of number of coils can be constructed . 

switches required is reduced to three to switch to any of the FIG . 42 shows a cluster of 2 layers of 3 coils and a central 
20 coils in FIG . 39. The first switch connects the Vc to one coil ( total 7 coils ) that can create an effective area of 3r . In 
of the ports ( outside or inside contact point of the spiral coil ) 45 practice , such an area may be sufficient for many applica 
on every coil in one of the three layers . The other ports of tions . It will be noted that while Hexagonal coils are shown 
groups of three of coils from different layers are connected in many of these figures , a combination of Hexagons and / or 
together and input into the switches 2 & 3 as shown in the circles , or other shapes can be combined to provide the best 
figure . The outputs of Switch 2 & 3 are connected together , efficiency / position independence performance . Similarly , 
and connect to the FET for switching . The center coil ( 1,7 ) 50 the size and shape of the receiver can be non - Hexagonal . 
is connected to the poles of the switches by itself . This coil For example , in FIG . 42 , the central and the receiver coil 
is often the most likely coil for the receiver coil to be can instead be circular ( spiral coil ) and the central charger or 
adjacent to since it is central . Comparing FIG . 40 with FIG . power supply coil is the most likely charger or power supply 
34 shows that using this scheme , any one of the coils in the coil for the receiver coil to be on top of . If the receiver coil 
system can be connected by the switches to be driven by the 55 is placed on any other position , a hexagonal coil is the 
FET . closest coil and be powered . In accordance with other 

Depending on cost / performance trade - offs involved , it embodiments , the central coil in FIG . 16 can be larger than 
may be advantageous to cut the number of switches by the receiver coil and cover most of the likely central area . 
schemes such as shown in FIG . 40. Such a scheme can also The remainder of the coils would only be used if the receiver 
be used to cut down the number of switches in a larger array . 60 is placed in extreme outside locations . 
For example , the array in FIG . 36 comprising 75 coils would It must be noted that the foregoing description describes 
require 19 Quad SPDT ICs to implement . However , by using the situation wherein the transmitted power drops to accept 
one Switch to choose one of the 3 layers and 7 switches to able levels when the coil centers are offset by half the radius . 
choose one of the 25 coils in each layer , one can achieve the In practice , this value can be different and by using a 
same results with 8 total switches . 65 combination of coil patterns and sizes and regulation of the 

With further cascading of switching layers , it is possible transmitted power , uniform power transmission across an 
to further reduce this number . However , it must be noted that area can be maintained . 
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While the use of IC switching elements has been dis- of additional layers such as gold or other material on top of 
cussed above , other switching mechanisms such as MEMS , Such processes are often used in PCB manufac 
relays , etc. can be used to achieve the results . In accordance ture to protect exposed contacts . In addition , the PCB pad 
with other embodiments , the switching may be implemented package can be hermetically sealed to avoid dust contami 
by creating a deformable layer under the coil layers to act as 5 nation on the contacts . Additionally , the volume inside can 
the switch . Each spiral coil discussed here has 2 ports with be filled with an inert gas such as nitrogen . 
one at the outside diameter wherein the coil starts and one By optimizing the surface area of the contact pad and the at the center wherein the coil terminates . flexible film contact areas and material composition , low FIG . 43 shows a mosaic of hexagonal coils with the contact resistance can be obtained . Other parameters to central port to each coil shown as circles . In accordance with 10 optimize are the area of the magnet or magnetic material and an embodiment , one of the ports of all of the coils in the 3 the type of material used . layers in this case , the outside port ) is connected to a 
common point , called here P1 . The other port of each coil The configuration above is provided by way of example . 
( shown as the central one here ) in the mosaic pattern of FIG . In accordance with other embodiments , it is possible to 
42 is brought down through vias to a common layer at the 15 connect the components in a different manner , or to place in 
bottom of the multi - layer PCB and connected to a copper an external drive circuit in a different configuration to 
pad with a certain surface area . Such a pattern seen from achieve the desired result . A 3 layer board has also been used 
above ( the same side as FIG . 43 ) is shown in FIG . 44 . to demonstrate this approach . Simpler constructions with 1 
FIG . 44 shows the top view seen from the same side . The or 2 layers or configurations wherein the coils in the different 

side view of the pad has integrated MEMS switch for 20 layers have different functions or sizes and provide different 
contacting individual coil contact pads . power levels can also be implemented . The advantages of 

In an earlier U.S. patent application Ser . No. 11 / 669,113 , this approach are : 
the use of attracting magnets placed at the centers of an 1 - High efficiency : Only the appropriate coil for high coil 
inductive charger or power supply's PCB coil and the center overlap is activated . 
of the receive coil to align and center the 2 parts conve- 25 2 — Position Independence : The receiver coil can be placed 
niently has been described . Such techniques were used in the anywhere with its center the Effective Area and achieve 
charger or power supply for mobile device or battery align specified power transfer . 3 - Low cost : The pad does not use 
ment . any IC switching elements for connecting to the appropriate 

In accordance with a present embodiment , a planar con- coil . 
ductive layer or conductive traces patterned with conductive 30 As described above , in accordance with an embodiment pads similar to the coil port pattern shown in Top part of 
FIG . 44 and all connected to a common point ( called P2 the entire package in FIG . 44 is connected between points A 

and C in the circuit of FIG . 34. One example of the operation here ) is created on a flexible material film . Examples of the 
material for the flexible film are mylar , polyimide , flexible of the system is described in more detail here : 
PCB material such as Kapton , etc. or plastic . At the center 35 MCU1 gives a command to the FET driver periodically to 
of each of the pads , a small magnet or ferromagnetic begin switching the coil . The duty cycle may be set 
material is attached to the other side of the film . Alterna very low to generate a low voltage in any potential 
tively , a layer of ferromagnetic material is deposited and nearby receiver coil . 
patterned to have a pattern similar to FIG . 45 top so that only Ordinarily , none of the coils is connected to point C in 
material with a pattern similar to the PCB port pad remains . 40 FIG . 34. Therefore , no current is sensed in the current 
The flexible film is attached to the bottom of the PCB such sense circuit . 
that a small gap between the top layer of the film and the If a receiver coil is placed on the pad , it will cause the 
bottom of the PCB is created by a spacer . The side view of appropriate charger or power supply coil center port to 
the MEMS charger or power supply pad is shown in FIG . 44 . contact the pad on the flexible film and therefore the 

The entire package shown in the bottom of FIG . 44 has 2 45 appropriate coil is contacted to points A and C in FIG . 
electrical connection points . One from the PCB , called P1 34 . 
that is connected to one of the ports of all of the coils in the The receiver coil begins drawing power from the charger 
3 layers of the PCB ( in this case the edge port ) . The other or power supply coil . This can be sensed as a higher 
connection is to the common pads on the flexible film . This than normal current draw in the current sense circuit of 
is called P2 . Looking at FIG . 34 , the entire package can be 50 the charger or power supply . 
treated as L1 , and connect P1 to point A in this circuit and Additionally , the charger or power supply and receiver 
P2 to point C. coil can exchange a code to confirm that a valid device 

Ordinarily , none of the coil center ports are connected to or battery with appropriate circuitry is nearby and 
the contact pads on the flexible film and therefore the circuit verified . 
is not completed . If a receiver coil with a magnet attached 55 Once MCU1 determines that an appropriate receiver coil 
to the back of its PCB coil and the magnet oriented with is on the pad and ready to draw power , the FET is 
correct polarity is brought close to the pad , it attracts the turned on and charging starts . An additional verification 
magnet or patterned ferromagnetic layer at the center of the can be performed . 
nearest charger or power supply coil and at the bottom of the The charging continues in open or closed loop depending 
flexible film towards itself . This causes the top conductive 60 on the system architecture until end of charge is 
layer on the flexible film to make contact with the center port achieved . This is either indicated to the charger or 
of the appropriate coil and close the circuit . In this way , power supply by the MCU2 or sensed in the charger or 
current can flow only through the appropriate coil and then power supply sense circuit by a change in the amount 
activate it . of current being drawn . 

In accordance with an embodiment , to avoid oxidation of 65 The description provided above describes what happens 
the contact pads at the bottom of the PCB and the flexible when the activation of the MEMS switch occurs through 
film contacts , these surfaces can be protected by deposition magnetic attraction . In accordance with some embodiments , 
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the switch can be designed such that it closes at the appro- devices on a common charger or power supply surface is to 
priate location due to static attraction , pressure , temperature incorporate a number of connector points or strips into the 
change , or other mechanism . pad . The user can place a device with an appropriate 

In the MEMS system described above , a disk or other connector on a pad or similar object and receive power 
magnet in the receiver coil attracts a magnet or patterned 5 through matching contacts on the pad . FIG . 46 shows a 
ferromagnetic layer attached or deposited under the flexible general diagram for this approach is shown in . In this 
film to close the contact beneath the appropriate charger or approach , one or more regulated power supplies are con power supply coil to the FET . However , in other embodi nected to the charger or power supply pad . The pad com ments a ferromagnetic layer can also be used in the middle prises an array of contacts or strips of exposed connector . of the receiver coil ( on the front of the PCB , its back or 10 FIG . 47 shows an array of contacts on the surface of a pad . separate layer from the coil layer ) and use either permanent In FIG . 47 , each position comprises a Voltage and Ground magnets or deposit or sputter , etc. a patterned ferromagnetic contact . In this picture , the connector is shown as a recessed layer that is permanently magnetized behind the flexible 
layer film . In this way , the charger or power supply pad circle similar to a washer where one contact is in the middle 
would contain multiple magnetic points corresponding to 15 and the other contact is in the body or outside of the circle . 
the centers of the coils . When a ferromagnetic material is Other connector geometries are possible . 
brought close to the pad , the appropriate coil is activated . To A device with an appropriate mating connector at its 
avoid false starts with metallic objects placed on the pad , bottom or in a plug - in unit for after - market applications can 
secondary verification techniques , as described above , can be placed on the pad and the connectors on the device make 
be used , including in some embodiments an exchange of 20 appropriate contacts to the pad contacts if placed on one of 
code between the charger or power supply and receiver coil . the contact points . In accordance with an embodiment , the 

Examples of metals that can be used are Ni , Fe , Co , or connectors on the surface of the charger or power supply pad 
various commonly used alloys . These can be deposited on a are connected to a number of switches which are connected 
flexible film in a variety of ways such as sputtering , evapo- to regulated power supplies and sense circuits as shown 
ration , e - beam , plating , etc. 25 through switch arrays as shown in FIG . 46. MCU1 periodi 

The system shown in FIG . 44 is mostly designed to cally turns ON one of the regulated power supplies . The 
operate with a single FET and allow charging of a single switches are set such that a connection is made to the 2 
device somewhere on the pad . If 2 devices are placed on the contacts of a contact point in the pad . The sense circuit 
pad and 2 coils are connected to the pad , the power trans- detects any possible flow of current . If a current flow is 
ferred may not reach the full specified power and it may not 30 detected , the system may verify the presence of a valid 
be clear which device is sending or receiving the control receiver through exchange of information through the con 
signals during charging . tact with a MCU2 in the receiver . If no current is being 

In accordance with an embodiment , to overcome these drawn or the verification process fails , the MCU1 reconnects 
issues , a segmented pad where clusters of charger or power the supply to the next contact position . By rastering the 
supply coils are attached to individual drive and sense 35 entire pad periodically , contact to several devices on the pad 
circuits and are independent of each other can be used . for charging or power can be established . A diode D1 can be 

The X - Y area is divided into segments ( in this case 4 used for protection against reverse voltage , a Capacitor ( C1 ) 
shown ) . One coil in each section can be driven by an to filter any potential noise on the regulated power supply 
appropriate FET and sense Circuit for that segment . Top : output , and MCU2 to enable communication between the 
The pattern for contact pads at the bottom layer of the PCB . 40 Charger or power supply and the Receiver are shown . The 
Each pad is connected to the central port of a coil in one of receiver may also incorporate a voltage regulator to provide 
the 3 layers above . The top view is shown here . Bottom : The a constant voltage ( or voltage in the acceptable range for 
side view of the pad with integrated MEMS switch for operation ) to MCU2 . This voltage regulator just provides the 
contacting individual coil contact pads . Spacers at the edges low power necessary for this , and is not in the path of the 
and the walls of the segment areas keep the flexible film at 45 main power going into the battery . Any power loss due to 
a pre - determined distance from the bottom layer of the PCB . this regulator is small because it is very low power and does 
FIG . 45 shows the architecture of the segmented MEMS not affect the overall system efficiency much . It is mainly 

charger or power supply pad in accordance with an embodi- used to keep the MCU active during startup or other changes 
ment . Each segment comprising a number of coils is con- so the communication with charger or power supply is 
nected to points A and C of a different driver and sense 50 maintained . However , these components are optional and 
circuit . Thus , devices placed inside each segment can be may not be present depending on the architecture used . The 
driven with their own driver and are independent . In this description provided herein does not depend on use of these 
way , several ( in this case 4 ) devices can be charged or components for operation . 
powered simultaneously . If the ground ( through a sense circuit ) contact for all 

In FIG . 45 , additional spacers are placed at the boundaries 55 positions is connected together , then Switch Array 2 can be 
of the segments . These spacers may help with keeping the eliminated . Care must be taken to interpret the received 
flexible film / PCB gap constant and operation of the flexible signals in interpreting the current sense values since it is the 
film uniform along the X and Y direction . Such spacers sum of currents from all devices being charged . 
interspersed in the X - Y plane between the PCB and flexible The switching arrangements discussed above for the 
film layer may be used regardless of whether the pad is 60 Inductive cases can be modified and used for this type of 
segmented electrically or not . conductive switching as well . In addition , the MEMS based 

In accordance with some embodiments , the MEMS approach shown above are applicable to this application . 
switching method described here can also be applied to the An embodiment for a universal charging pad using con 
cluster geometry shown in FIG . 41 or any other geometry . duction is shown in FIG . 48. In this case , one of the contact 
Conductive Multi - Charger or Power Supply Surface 65 points for each position ( e.g. Ground contact ) is connected 
As discussed above , in accordance with some embodi- together throughout the pad and connected to the appropriate 

ments , another method for charging or powering multiple location ( Ground through the sense circuit in this case ) . The 
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other contacts are brought through the charger or power flow only through the appropriate connector into the receiver 
supply surface to the bottom of the surface and contact pads circuit and the device to be charged . 
are formed . As described above , to avoid oxidation of the contact pads 

Top : The pattern for contact pads at the layer below the at the bottom of the charger or power supply surface and the 
connectors . One of the contact points for each position ( e.g. 5 flexible film contacts , these surfaces can be protected by 
Ground contact ) is connected together throughout the pad deposition of additional layers such as gold on top of the 
and connected to the appropriate location ( through Sense Copper . Such processes are common to protect exposed 
circuit to Ground in this case ) . Bottom : Side view of the pad contacts . In addition , the pad package can be hermetically 
with integrated MEMS switch for contacting individual sealed to avoid dust contamination on the contacts . Addi 
contacts to the power supply . Spacers at the edges keep the 10 tionally , the volume inside can be filled with an inert gas such as nitrogen . flexible film at a pre - determined distance from the bottom By optimizing the surface area of the contact pad and the layer of the PCB . flexible film contact areas and material composition , low In accordance with an embodiment , a planar conductive contact resistance can be obtained . Other parameters to layer or conductive traces patterned with conductive pads 15 optimize are the area of the magnet or magnetic material and similar to the charger or power supply surface contact the type of material used . 
pattern shown in Top part of FIG . 48 and all connected to a Top : The pattern for contact pads at the layer below the 
common point ( called P2 here ) is created on a flexible connectors . One of the contact points for each position ( e.g. 
material film . Examples of the material for the flexible film Ground contact ) is connected together throughout the pad to 
are mylar , polyimide , flexible PCB material such as Kapton , 20 form contact point P1 . Bottom : Side view of the pad with 
etc. or plastic . At the center of each of the pads , a small integrated MEMS switch for contacting individual contacts 
magnet or ferromagnetic material is attached to the other to the power supply . Spacers at the edges and the walls of the 
side of the film . Alternatively , a layer of ferromagnetic segment areas keep the flexible film at a pre - determined 
material is deposited and patterned to have a pattern similar distance from the bottom layer of the PCB . The contact pads 
to the Top in FIG . 47 so that it only material with a pattern 25 in each segment of the flexible film are connected together 
similar to the charger or power supply surface pad pattern to form contact P2 for each segment . 
remains . The flexible film is attached to the bottom of the FIG . 49 shows another embodiment where several regu 
charger or power supply surface such that a small gap lated power supplies provide power to the pad . This allows 
between the top layer of the film and the bottom of the charging of several devices simultaneously . 
charger or power supply surface is created by a spacer . FIG . 50 shows an alternative embodiment using a seg 
FIG . 48 shows the side view of the MEMS conductive mented surface . The operation of this is similar to previously 

charger or power supply pad . Using the MEMS conductive described except that the top and bottom contact points for 
charger or power supply pad eliminates the need for switch- each segment P1 and P2 are connected to the appropriate 
ing arrays . positions in B and A in FIG . 49 so that each regulated power 

In accordance with an embodiment , the entire package 35 supply is connected to one of the segments in the charger or 
shown in the bottom of FIG . 48 has two electrical connec- power supply surface when the circuit is closed . In this way , 
tion points . One from the top surface , called P1 that is a device placed on each of the segments can be powered by 
connected to one of the connector points of all of the the regulated power supply at its required voltage and power 
connector positions on the charger or power supply surface level . 
( Ground in this case ) . The other connection is to the com- 40 Electromagnetic Shielding 
mon pads on the flexible film . This is called P2 , and is Electromagnetic Interference ( EMI ) is an important 
connected to the other position in the circuit . For example , aspect of performance of any electronic device . Any device 
for the geometry discussed here , Pl can be connected to to be sold commercially requires adherence to regulation in 
Point B in FIG . 49 and P2 connected to Point A. FIG . 49 is different countries or regions in terms of radiated power 
a generalized block diagram of a charger or power supply 45 from it . 
pad with multiple regulated power supplies . For an inductive charger or power supply comprising a 

The case discussed here and the pad in FIG . 48 enable number of coils and electronics switches and control cir 
connection of one regulated supply to one or more devices cuitry , the main sources of noise include : 
placed on the pad . However in the case of multiple devices Any potential radiated noise from switching FETS , driv 
on the pad , the voltage characteristics of the device would 50 ers , etc. or sense and control circuitry . This noise can be 
have to be identical to the first one and the sum of powers at higher frequency than the fundamental drive fre 
being drawn from the supply not exceed the maximum quency of the coils and can be emitted away from the 
rating of the power supply . A more generalized approach charger or power supply because of the frequency . This 
wherein different voltages / power can be supplied to different noise can be minimized by optimizing the drive circuit 
devices is discussed in further detail below . to avoid sharp edges in the drive waveform and asso 

Ordinarily , none of the connectors are connected to the ciated noise . 
contact pads on the flexible film and therefore the circuit is Noise from copper traces with ac signals . This noise can 
not completed . In accordance with an embodiment , if a also be at higher frequency and emit away from the 
receiver with a magnet attached to the back or perimeter of charger or power supply . The length of these paths must 
the connector and the magnet oriented with correct polarity 60 be minimized . 
is brought close to the charging surface , it attracts the EM emission from the switched coil . For coils described 
magnet or patterned ferromagnetic layer at the center of the here and driven in the 100's of kHz up to several MHz , 
nearest contact pad and at the bottom of the flexible film the wavelength of the Electromagnetic ( EM ) field gen 
towards itself . This causes the top conductive layer on the erated can be in the hundreds of meters . Given the 
flexible film to make contact with the contact pad for the 65 small length of the coils windings ( often 1 m or less ) , 
appropriate connector at the bottom of the charger or power the coils used are not efficient far - field transmitters of 
supply surface and close the circuit . In this way , current can the EM field and the generated EM field is in general 
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highly contained near the coil surface . The magnetic sides of a PCB , and ferromagnetic and copper layers are 
flux pattern from a PCB coil is highly contained in the placed on each side of the PCB to limit emissions from a 
area of a coil and does not emit efficiently away from package containing such a transformer . 
the coil . Frequency Selective Electromagnetic Shielding 

Care must be taken when designing the current paths , and 5 In accordance with some embodiments of the inductive 
in some embodiments shielding of the FETs or other ICs or universal charger or power supply pad described herein , the 
electronics components may be necessary . In addition , inclusion of metallic and / or Ferromagnetic layers at areas 
switching the coils with waveforms that have higher fre- that are potential sources of emission such as FETs , etc. may 
quency components , gives rise to noise at higher frequen- be beneficial . However , a method that would wholly cover 
cies . In any of the above geometries described , incorporation 10 the charger or power supply pad package to eliminate 
of conductive layers and / or ferromagnetic layers in the potential for escaping EM fields may provide benefits . 
system can shield the outside environment from any poten- Given that the inductive charger or power supply pad 
tial radiative fields . The conductive layers may be incorpo- operates by generating an oscillating magnetic field , such an 
rated in the PCB to eliminate the need for additional separate approach does not seem feasible as it would block such a 
shielding layers . 15 field from being sensed by the receiver coil . 

In the examples provided above , while the 3 coil layers In accordance with an embodiment , a method is described 
can be incorporated into PCB layers , the electronics com- herein that allows the inductive pad to emit EM waves 
ponents can be placed on the lower most surface of the PCB efficiently for operation while simultaneously providing 
to allow a flat surface on the top and allow receiver coils to shielding to high frequency EM fields . Such operation is 
get as close as possible to the charger or power supply coils . 20 achieved by taking advantage of the skin effect in conduc 
One possible arrangement for the location of the electronics tors . 
components at the bottom surface of the total PCB stack is The skin effect is the tendency of an alternating electric 
shown . In this case , in some or all of the layers above , the current ( AC ) to distribute itself within a conductor so that 
PCB layers can incorporate Copper sections in the areas the current density near the surface of the conductor is 
shown in black in this figure . By appropriately grounding 25 greater than inside the material . That is , the electric current 
these sections and providing additional conductive and / or tends to flow at the " skin " of the conductor . 
magnetic layers below the electronics components , the EMI The skin effect causes the effective resistance of a con 
can be significantly reduced . ductor to increase with the frequency of the current and has 

In accordance with an embodiment , another method for practical consequences in the design of radio - frequency and 
minimizing the effect of the copper traces in the PCB is to 30 microwave circuits . 
sandwich them between layers of conductors in the PCB . In The current density J in an infinitely thick plane conductor 
a multi - layer PCB , the copper trances and connections to all decreases exponentially with depth d from the surface , as 
the components and coils can be for example , be in a middle shown below : 
layer and the necessary connections to the ICs or other layers 
be made through vias . Given that the magnetic flux is highly 35 J = Jse - old 
contained within the coil area , the layer containing the coil where d is a constant called the “ skin depth ” . This is defined 
or another layer below or above can contain a substantially as the depth below the surface of the conductor at which the 
continuous layer of copper covering everything except the current density decays to lle ( about 0.37 ) of the current 
area of the flux generated by the PCB ( very close to the density at the surface . It is given by : 
outside ring of the coil ) . By having two or more conductive 40 
PCB layers for shielding sandwiching the signal and current 
paths , most of the noise generated can be shielded very close 2p 
to the source . Since the noise from the PCB is minimal and wu 
does not radiate , the remaining source of noise , the elec 
tronics , FETS , etc. can be shielded by covering the section 45 
with these devices with a metallic cover or shield . Where : 

Similar types of judicious incorporation of grounded p = resistivity of conductor 
Copper layers in the PCB layers in any of the designs above w = angular frequency of current = 2axfrequency 
can significantly reduce any potential EMI issues without u = absolute magnetic permeability of conductor = Molly 
requiring additional shielding layers . 50 where Ho is the permeability of free space and ? , is the 
FIG . 51 shows a standard used within the European Union relative permeability of the conductor . 

for measuring emissions from a product . In this case , the It is important to note that d decreases rapidly with 
emissions from a product are measured at 10 m distance . frequency . The magnetic and electric field similarly get 
This test ( EN 55022 ) looks for emissions from 30 MHz to attenuated traveling through a sheet of a conductor . Using 
1 GHz . Limits for Class A and Class B certification are 55 the values for conductivity of copper ( 5.8x10 ? Siemens / m ) , 
shown in the Figure . the absorption going through a single layer of copper with 
FIG . 51 shows a typical scan of emissions from an various thickness can be calculated . 

inductive multi - charger or power supply pad . As discussed FIG . 52 shows the absorption through a copper layer of 70 
above , the radiation at the fundamental operating frequency um and 7 um . While the 70 um layer provides very high 
( 100's of kHz to several MHz ) , can be self - contained within 60 attenuation in the region of interest ( 30 MHz to 1 GHz ) , the 
the coil area . However , noise at higher frequencies ( such as attenuation is excessive in most cases and is only needed in 
the test range of 30 MHz to 1 GHz ) must be reduced to avoid extraordinarily noisy circumstances . 
interference with other nearby electronic devices . As described herein , the transmitted power is considered 

Metallic and / or Ferromagnetic layers are often included in through a very thin conductive layer . 
electronic devices to reduce their EM emission . An example 65 FIG . 53 shows how the attenuation values are shown for 
of such layers is described in U.S. Pat . Nos . 6,888,438 , and Copper and Aluminum ( conductivity of 3.76x107 for 
6,501,364 . In these instances , PCB coils are formed on two 99.99 % Al ) layers for several thicknesses . 
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For these calculations , the placement of the layer with coating through dipping , Langmuir Blodgett , painting , etc. ) 
respect to the source of the EM field needs to be included . for different materials . Recently , an inexpensive method 
In these calculations , the source is assumed to be 0.5 mm ( Ecoplate ) for conformally coating any material with metal 
under the layer . This is similar to placing the layer essen- lic or metal alloy layers at room temperature has been 
tially directly on the source of the field . 5 developed . In this process , a spray of molten metal at 

It will be noted that , for very thin layers of Copper and controlled temperature and velocity instantaneously cools 
Aluminum , down to 1 micron thickness , very high attenu- on incidence with a substrate and forms a conformal layer 
ation values at frequencies over 1 MHz are obtained . The covering the entire or part of a part . 
attenuation of 1 um layers of Copper and Aluminum at 10 ° The EM conductive shield can also be deposited onto a 
Hz are respectively 32 dB and 28 dB and are comparable . 10 substrate such as a polymer ( e.g. mylar , polyimide , poly 
However , at 1 MHz or below , the attenuation in either urethane , plastics , etc. ) , rubber , etc. and the conductive layer 
material for such a thin layer is minimal . In accordance with coated polymer be applied to the inside or outside of the part . 
some embodiments , this behavior or characteristic can be Anti - static bags are an example of a metalized polymer 
exploited . material . Aluminum is commonly used for this application . 

FIG . 54 shows Transmitted EM Power through Copper 15 In another embodiment , the PCB boards , electronics 
and Aluminum layers of varying thickness for an incident components , and the coils in the charger or power supply 
EM field at 1 MHz which is a typical operating frequency for and / or the receiver are covered by a nonconductive layer 
the type of inductive universal charger or power supply ( such as a dielectric , paint , etc. ) and then covered completely 
described herein . Below 5 Cum thickness , the transmitted or locally by a conductive layer of appropriate thickness 
power exceeds 95 % . Aluminum in particular ( due to its 20 either directly deposited on the board and the electronics or 
lower conductivity ) , has a wide range of thicknesses that indirectly with a polymer or similar backing ( as described 
allows a 1 MHz radiation to transmit through without much above ) . 
attenuation . The optimum thickness of the conductive material is 
As discussed above , in some embodiments of the induc- highly dependent on its conductivity . By choosing the mate 

tive charger or power supply device described herein , the 25 rial composition and thickness , one can obtain the desired 
generated EM field at the operating frequency of the charger combination of EM noise suppression and transmission of 
or power supply ( typically ~ 1 MHz ) , is generated by an fundamental frequency . 
inefficient PCB coil antenna and is mostly confined to the It is also possible to combine conductive layer materials 
area immediately near the coil ( to be picked up by the and thicknesses to construct a more tailored frequency 
receiver coil ) . However , any noise generated by driving the 30 response . Such an approach is commonly taken in the optical 
coil at this fundamental frequency ( due to nonlinearities at domain to fabricate wavelength dependent filters . 
the components , non - sinusoidal signal , or at the FET or the In those embodiments wherein the conductive layer cov 
FET driver ) or any noise generated at any other location in ers the charger or power supply and / or receiver coil , it may 
the charger or power supply device current paths or com- be desirable to generate an EM field with a charger or power 
ponents or the receiver ( including noise generated at the 35 supply coil and then , after passing the emitted field through 
receiver rectifier ) , can have components that are much such a conductive layer , turn it back to DC power through 
higher in frequency . It is desirable to suppress such noise to the receiver coil and rectification . Since the conductive layer 
the extent possible . is a frequency dependent filter , in this process , this removes 

In accordance with an embodiment , a very thin layer of a or weaken any higher frequency signals and enables the 
conductor ( such as Copper or Al , organic conductors , nano- 40 receiver to receive a cleaner , and depending on the design , 
tech materials , nanotubes , or other material ) , covering all or more sinusoidal signal . Such high frequency noise is often 
part of the charger or power supply and / or receiver circuit related to not - only EMI disturbance and lack of signal to 
can be used to allow the desired low frequency components noise ratio in the electronic device to be charged . In addition , 
( Several MHz or below ) to travel through without attenua- the higher frequency noise causes non - optimum operation of 
tion while severely reducing the higher frequency noise . In 45 the receiver and possibly heating of the receiver or other 
accordance with some embodiments , the entire inside or components . By removing the generated noise , electrical 
outside surface of the charger or power supply and / or and thermal / environmental performance of the charger or 
receiver package circuitry or part of it is covered to achieve power supply and receiver system may be improved . 
this frequency selective shielding without dramatically Such a physical filtering of an electrical system is analo 
affecting the fundamental operation of the device . 50 gous to an optical signal being filtered in the wavelength 

In one embodiment , the entire inside or outside of the domain ( by an optical filter , grating , etc. ) before reaching a 
package for the inductive charger or power supply and / or the receiver . The SNR and efficiency of the system is improved 
receiver for such a charger or power supply is covered by a 
thin layer of a conductor ( 15 um thick or less or preferably Use of Magnets for Alignment of the Coils 
less than 5 um thick ) . The conductor can be metallic as 55 FIG . 55 shows a method for obtaining local alignment 
discussed above , metal alloys , organic , nanotech materials , independence between the coils in the charger or power 
nanotubes , etc. At high frequencies , such a layer reduces the supply and the receiver are shown therein . In accordance 
emitted EM power considerably ( greater than 20 dB or even with an embodiment , by using small magnets behind ( on the 
30 dB ) while allowing most ( > 90 % ) of the fundamental side opposite to the side facing the surface of the charger or 
operating frequency power to transmit through the layer . The 60 power supply ) the center of each coil in the charger or power 
conductive layer can be directly deposited on the parts . To supply , and behind ( on the side opposite to the side facing 
avoid shorting of any electronics or connectors , contacts , a the surface of the charger or power supply ) the coil in the 
dielectric layer , paint or other material must be first depos- receiver , such that the magnets attract each other , a charger 
ited . Alternatively , the conductive parts can be masked off so or power supply system can be provided wherein the user 
as not to contact the EM shielding conductive layer . 65 can easily find the location where the charger or power 

The deposition of the conductive material can be done in supply coil is located , without providing any physical fea 
a variety of manners ( sputtering , evaporation , electroplating , tures and / or marking on the surface of the charger or power 

in this way . 
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supply . This may be advantageous in enabling charger or total for a pair of charger or power supply and receiver 
power supplies which can be used with any device to be magnets ) . However , any number of magnets from one to 
charged without need for special alignment or size features . many can be used . 
This allows charging of any size and shape device and / or Additional Applications Charger / Power Supply with Self 
battery . In this geometry , shown in FIG . 55 , the magnets can 5 Powered Operation 
be thin flat or other shape magnets placed at the center of the FIG . 58 shows an illustration of a device for inductive 
coil and allow the device or battery to be charged to be power charging that includes an internal battery for self 
rotated around the charger or power supply coil with no powered operation , in accordance with an embodiment . As 
effect . shown in FIG . 58 , an inductive charging unit such as an 
As described above , by enabling the coil in the charger or 10 inductive pad 360 includes a rechargeable battery 364. The 

power supply to move laterally ( and somewhat vertically ) in unit is normally operated with , or is occasionally coupled to , 
power input from an electrical outlet , or from a dc source the plane of the charger or power supply surface , automatic such as a standard automobile 12 volt dc outlet , or from an alignment of the charger or power supply and device and / or outlet in an airplane or an external de source , or from another 

battery coil can be achieved when a device and / or battery is 15 power source such as the USB outlet from a computer or laterally brought close to the center of the charger or power other device . Alternatively , the power can come from a supply coil . mechanical source such as a windmill , or a human - powered 
If magnets used for this application are electrically con- crank handle . The unit can include coils 362 that are 

ductive , then some of the field generated by the coil will energized to transfer power to receiver coils in mobile 
generate currents in the magnet and heat the magnet , 20 electronics devices such as mobile phones , MP3 players , 
decreasing the efficiency of the system and generating radios , cd players , PDAs , and notebook computers . At the 
unwanted heat . This effect especially becomes important as same time , the input power charges the rechargeable battery 
the field rength of the coil is increased for higher powers . inside the unit itself . When the external power source to the 

In accordance with some embodiments , methods for unit is disconnected , or when no input power is provided , the 
dealing with this problem can be included , such as : 25 unit automatically switches its operation from its charged 

Since the currents are created by eddy currents generated internal battery . Alternatively , the unit's operation can be 
in the magnets , use of non - conductive and / or low switch - operated by user . In this way , users can continue to 
conductivity magnetic material can improve this con charge their devices by placement on the unit without any 
dition . outside power source . This use can continue until the 

The magnet can be constructed of thin flat magnet mate- 30 external power is restored or until the internal battery is 
rial with laminate in between the layers to decrease the completely discharged . 
current flow and loss of power . The ability of the unit to continue charging depends on the 

FIG . 56 show an embodiment in which the magnets can capacity of the battery included . Thus , for example , with a 
1500 mAH internal battery , the unit is able to charge a be broken or divided into sections , such as semi - circles with 35 mobile phone with a 1000 mAH battery completely if the a gap or non - conductive material in - between to avoid cur losses due to conversion efficiency , operation of the circuitry rent circulation . By having each set of magnets behind a coil in the unit , and other losses are up to 500 mAH . 

to be made of two or more sections , the electrons are In other embodiments of an embodiment , the unit can be disrupted from circulating and generating strong eddy cur powered by other power sources such as a fuel cell that 
rents leading to heating and power loss . In this figure , each 40 generates power from methanol or other sources . The unit 
set of magnets behind a coil are made of semi - circular can also be connected to the electric grid through an outlet 
magnets . The poles of the magnet are aligned with the South or to an external DC power source such as power from an 
or North pole facing the surface of the charger or power outlet in a car or airplane or be itself charged or powered 
supply . The magnet in the device or battery have the inductively by another unit . However , when not connected 
opposite polarity so that the magnets of the charger or power 45 to outside power , the unit can be powered by its internal 
supply and the device and / or battery attract . By having each power generator from the fuel cell and can charge devices 
set of magnets behind a coil to be made of two or more placed on it inductively . 
sections , the electrons are disrupted from circulating and FIG . 59 shows an illustration of an alternate embodiment 
generating strong eddy currents leading to heating and of an inductive charger or power supply unit or pad 370 with 
power loss . In FIG . 56 , each set of magnets behind a coil are 50 a solar cell power source for self powered operation , in 
made of two semi - circular magnets . accordance with an embodiment . As shown in FIG . 20 , the 

FIG . 57 shows an embodiment in which one or more surface of the unit can be covered by a solar panel or solar 
alignment magnets can be used behind each coil . However , cell 376. In normal operation , the unit can be powered - up or 
in accordance with an embodiment the magnets are placed charged by connection to an electric outlet or external DC 
such that each magnet does not cover an area extending 55 source . But without external electric power , the panel gen 
beyond the center of the coil . In other words , the surface of erates electric power that is used to power the charger or 
the magnet does not cover the center of the coil and thereby power supply which in turn can charge devices placed on it 
does not allow circular currents to be set up in the magnet through the inductors in the unit . In some embodiments the 
as effectively . In this way , the eddy currents set up are much unit can also include a rechargeable battery 374 that can be 
weaker and much smaller power dissipation in the magnets 60 charged when the unit is either connected to external electric 
occurs . Alignment magnets at center of charger or power power or charged by the solar cells on the surface of the unit . 
supply and device and / or battery coils for alignment of the This battery can then operate the unit when the unit is either 
two coils are attached to the back of the coils in such a way not connected to external electric power or the solar cell is 
that the area of the magnet does not extend beyond the center not generating enough power to run the unit such as during 
of the coil . In this way , the eddy currents created are much 65 operation at night . 
weaker and much less power is lost to the magnets . In this FIG . 60 shows an illustration of an inductive charger or 
figure , two magnets are shown per back of each coil ( four power supply unit with an incorporated communications 
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and / or storage unit , in accordance with an embodiment . As able batteries that allow the device or pad to store energy and 
shown in FIG . 21 , in accordance with some embodiments operate in the absence of any external power if necessary . 
the charger or power supply , including for example the Other applications of this technology include clothing , 
regular charger or power supply 380 , and the solar - cell jackets , vests , etc. that have an integrated inductive charger 
powered charger or power supply 382 , can further comprise or power supply such that a user can power or charge a 
an optional communications and / or storage unit , for storage device by simply placing it on or near a pocket or an area 
of data and transmission of data to and from a mobile device where wireless inductive power is available . The jacket or 
being charged . Examples of components that can be incor clothing can in turn be powered by solar cells , Fuel cells , 
porated include Bluetooth , Near - field Communications batteries , or other forms of energy . It can also be powered by 
( NFC ) , WiFi , WiMax , wireless USB , and proprietary com 10 batteries that are recharged through solar cells sown onto the 

clothing or be recharged by placing or hanging the clothing munications capabilities , including means of connecting to item on a rack or location where it is recharged wirelessly or the Internet . 
Additional Applications - Inductive Charger Applications inductively . By using inductive charging , the user does not 

have to plug in devices into individual wires and connectors and Kiosk 15 at the appropriate jacket pocket . The technology described herein may also be used for In some cases , it may be desirable to build the charger or other applications . In some applications , it may be desirable power supply or the secondary part ( receiver for a charger or 
to build the inductive ( as described above ) or wire free power supply ) into the protective case of another device . For 
charger or power supply into a case for an electronic device , example , many products exist today that are after - market or 
a briefcase , or other carrier such as a box , holder , or 20 optional items such as a skin or case for a music player , 
container in a car or other wise . An example can be a brief phone , PDA , or notebook computer . In one implementation , 
case , hand bag , or back pack where the bottom part or the the case or skin can contain the electronics and the coil 
outside surface has an integrated charger or power supply . necessary to allow the device to be charged or charge other 
Any device enabled to receive power from such a charger or devices or both . The charger or power supply can be 
power supply ( device containing coils and the appropriate 25 powered by the device it is attached to or can receive power 
electronics to receive power or with appropriate contacts for from a separate source such as a solar cell , fuel cell , etc. that 
wire free charging ) can be placed on or inside such a is integrated with the charger or power supply or in another 
briefcase and be charged . The charging circuitry can be location and electrically connected to the charger or power 
powered by plugging the briefcase , handbag , or back pack supply . For example , in a briefcase , while the charger or 
into an outlet power or having internal batteries that can be 30 power supply is inside the briefcase and can charge devices 
charged through power from a wall plug or by themselves inside , the surface of the briefcase can have solar cells that 
being inductively charged when the briefcase , handbag , or power the charger or power supply inside . The briefcase can 
backpack is placed on an another inductive or wire free also contain rechargeable batteries that store power gener 
charger or power supply . Uses can be applied to any bag , ated by the solar cells and use them when necessary to 
container , or object that can be used to essentially charge or 35 charge devices inside . Similarly , the charger or power supply 
power another device . This first object can itself be charged can be built on the outside or inside surface of the case and 
or powered through an outlet directly by wires or wirelessly charge devices placed on or near the surface . 
through an inductive or wire free charging system . As an It is also possible to provide a charger or power supply 
alternative , the first object ( the charger or power supply ) can with modular components that allow other capabilities to be 
be powered by solar cells , Fuel cells , mechanical methods 40 added later or simultaneously as an option . In one embodi 
( hand cranks , pendulums , etc. ) . ment , an inductive charging pad that contains a rechargeable 

In all of the above case , it is possible for the functions of battery can have a separate top surface module or all around 
the inductor or wire free charger or power supply and the cover or skin that contains a solar cell array and simultane 
power source for the charger or power supply ( battery , fuel ously electrically connect to the charger or power supply pad 
cell , solar cell , etc. ) to be separated . Furthermore , in some 45 to enable the battery internal to the unit to be charged 
cases , the charger or power supply part can be separated without any external power input . It is also possible to have 
from a portable power source to operate it ( such as a the cover or the outside skin to provide other capabilities 
rechargeable battery ) which is in turn powered or charged by such as communications , or simply provide a different look 
another source ( power outlet , fuel cell , solar cell , mechanical or texture so that the pad fits in with the user's taste or décor . 
source , etc. ) . The three parts can be in the same enclosure or 50 FIG . 61 shows an illustration of a kiosk that incorporates 
area or separate from each other . an inductive charger or power supply unit in accordance 
An additional example may be an after market inductive with an embodiment . As shown in FIG . 61 , the kiosk 390 

or wire free charger or power supply for a car where the includes a control screen 392 and an inductive charging pad 
inductive or wire free charger or power supply or pad 394 , to allow individuals to walk - up and purchase an occa 
including a solar cell on the pad or in another area and 55 sional charge for their mobile device . Currently , the usage 
connected to the pad by wires is used to charge mobile model of typical mobile user consists of charging their most 
devices . Such a device placed on the dashboard or tray essential device ( phone , MP3 player , Bluetooth headset , 
between seats or a special compartment can be used to etc. ) during the night or at the office or car . In cases where 
charge a number of devices such as phones , MP3 players , the user is outside their environment for a long time such as 
cameras , etc. Devices such as GPS navigation systems , radar 60 traveling , this may not be possible . A variety of public 
detectors , etc. can also be powered from such a device . In mobile device charging stations have appeared that allow the 
another application , mugs , cups , or other containers with a user to charge their device in a public setting by paying a fee . 
receiver circuitry and means of heating or cooling the An inductive or wire free public charging station or kiosk 
contents can be used in combination with the inductive would allow the user to place their mobile device that is 
charger or power supply to keep the contents hot or cold . A 65 enabled ' i.e. has the appropriate receiver or components to 
dial or buttons on the cup or container can set the tempera- allow it to receive power from the charger or power supply ) 
ture . The charging device or pad can also contain recharge- on or in the wire free or inductive charger or power supply 
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station and charge the device . The customer can pay for the mobile device , are extremely useful for new power hungry 
service or receive the service for free depending on the enhanced multi - media mobile devices . By way of example , 
service providers ' approach . The payment can be cash , one solution that has been proposed is described in U.S. Pat . 
credit card , debit card , or other methods . No. 6,184,654 . However , such a technique and geometry is 

In accordance with an embodiment , a single pad with 5 incompatible with the variety of mobile devices and con 
multiple stations can charge multiplicity of devices simul nectors in use today , and requires the user to plug the device taneously . The user may be asked to pay for the service into a connector inside the holster while fastening it to hold before charging a device or the service may be for free . it securely . Alternatively , each charging station can be in a compartment 
and the device is secured by a door that can only be opened 10 the battery life of mobile devices by integrating a wireless Described herein is a system and method for extending 
through a code given to the device owner when charging charger into the case , carrier , or holster for the device . The starts or payment occurs . The door can also be secured by a 
combination lock or physical key . system and method has the advantage of keeping the size 

Alternatively , the charging station or kiosk can be open and weight of the mobile device low while enabling the user 
and not physically secure but when the user pays for the 15 to automatically recharge the device when placed in the case 
service , a code is issued . The user proceeds to place their thereby dramatically increasing the device run time . 
device to be charged but when the charging ends or the user In one embodiment , the case recharges the mobile device 
wants to pick up the device , the code must be entered first . inductively , and can itself be recharged by an inductive base 
If no code is entered , an alarm is sounded or the device is charger . Various embodiments including additional inte 
deactivated or some other warning occurs . In this way , a 20 grated functionality such as data storage and communication 
thief or the wrong user can not remove the device without in the case are also described herein . 
attracting attention that may act as a deterrent . A combina- FIG . 62 illustrates some common regular ( non - charger ) 
tion of the above techniques may be used in implementing mobile phone holders types , including a belt holder 1000 
a public charging kiosk . and case 1002 . 

Since a typical charging process can take up to 30 minutes 25 Powering Mobile Devices and Inductive Charging Case 
or more , it is possible to also synchronize data , download Mobile devices continue to converge and to combine 
songs , movies , etc. into the device during this time . Many of multiple functions and protocols into ever - smaller packages . 
current mobile devices have Bluetooth or WiFi capability . While mobile TV , radio , high resolution cameras , GPS , etc. 
Other communication protocols such as WiMax can increase are becoming standard in many mobile phones , the power 
the data rate further . By combining the charging and infor- 30 usage of the devices continues to rise . One solution that has 
mation transfer process , the service provider can charge for been applied to several devices is the use of external battery 
additional services . In addition , if a camera is being charged packs . 
and has wireless capability , it can download the pictures or FIG . 63 illustrates various products for a music player , 
movies to a designated website or online storage area or be ( e.g. an iPod or MP3 player ) that include an external 
emailed to a designated email address while charging . In this 35 rechargeable battery pack . 
way , a traveler can simultaneously charge a camera while As shown in , the external battery pack provides extra 
downloading the contents of its memory to a location with running power for the device when it is plugged into the 
larger memory . This would enable the traveler to free up music device and clipped to its back , by providing power 
limited memory space in their camera or other mobile through the battery pack's internal higher capacity batteries . 
device . Such a service would enable devices that have 40 However , this battery pack is expected to remain connected 
limited or short range wireless communication capabilities to the device at all times and increases the size and weight 
( such as mobile phones , MP3 players , cameras , etc. ) to be of the device considerably . This is very undesirable from the 
able to connect to the internet and send or receive data customer perspective and inhibits mobility / use and adop 
indirectly . It is important to recognize that without the tion . 
charging capability , a device conducting such downloading 45 In accordance with embodiments of an embodiment , the 
or synchronization through an intermediate device ( Blu- battery power of the mobile device is extended by providing 
etooth to internet gateway for example ) often run out of a holster , case , pouch , bag , wallet , or an equivalent holding , 
power due to the length of time this takes . In this manner the carrying , or storage device ( which for convenience are 
charging capability of the kiosk enables a more effective herein referred to as a “ case ” ) for the mobile device ( e.g. 
operation . 50 mobile phone , Bluetooth headset , camera , laptop , PDA , 
Additional Applications — Inductive Charger Applications MP3 player , game player , etc. ) . The case can incorporate one 
and Kiosk or more rechargeable batteries , and one or more inductive 

With increased functionality in mobile devices , there is an charger or power supplies . A mobile device can be ‘ enabled 
ever - increasing focus on maximizing the battery life . Cur- to receive power inductively by providing a receiver ( such 
rently , the rate of increase of power usage continues to 55 as a coil , etc. ) , and circuitry integrated by the manufacturer , 
outpace new and improved battery technologies . Given the or by a battery with a built - in receiver , or by a plug - in unit 
desire to minimize mobile device size , the battery power to receive power , etc. A suitably enabled device can thus 
limitation has required some mobile device manufacturers to receive power when placed in the case . In accordance with 
begin shipping mobile devices with several batteries and a some embodiments , the case can also include means of 
desktop charger to keep all of those batteries regularly 60 recognition of the device automatically by , for example , 
charged . The user is sometimes expected to change the RFID , Felica , detection of coil from change in the case's 
batteries for the device during the day while using the coil's induction , or by verification using proprietary tech 
device . Such a situation is not ideal and puts the burden on niques , etc. In some embodiments , the system or coil can be 
the user to carry multiple batteries , and to keep those enabled to turn on automatically as necessary and to begin 
batteries charged . 65 charging the device . Alternatively , the case and / or coils can 

Methods for extending the battery life in mobile devices , turn on when a device is placed in it by sensing the presence 
but which do not greatly increase the size and weight of the of a device through a magnetic , mechanical , or other form of 
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switch . Alternatively , the case can include a mechanical or into another device , as in the case of the multifunction 
sensory switch that must be manually activated by a user to device example described above . In other embodiments , the 
begin charging the device . charger or power supply case can be charged or powered 

In accordance with some embodiments , the case can through a conventional , wired charger or power supply . In 
accommodate more than one device . For example , the case 5 accordance with an embodiment , the system comprises : 
can include a location for a Bluetooth headset and a mobile Inductive Charger or Power Supply Base : In accordance 
phone . Either or both of these devices can be inductively with an embodiment , this part can be a stand - alone charger 
charged by the case when placed inside the case . This or power supply or desktop charger or power supply that 
enables the user to have a simple way to carry both parts or comprises a Field Effect Transistor ( FET ) that periodically 
devices together , and to extend the battery capacity of both 10 turns the current through a coil on and off . In one embodi 
without needing them to be any larger , thus providing great ment , for a typical 9 turn PCB coil with 1 " diameter , a drive 
advantages for the consumer . frequency of 1-2 MHz is ideal , and the power transfer 

In accordance with an embodiment , the batteries inside efficiency is increased when a capacitor of appropriate value 
the inductive charger case can themselves be charged by is placed in parallel with the FET . When the circuit is driven 
either a regular charger / power supply , or through another 15 at a resonant frequency , the amount of current through the 
inductive charger or power supply . For example , a desktop FET can vary greatly by proximity of another coil ( L2 ) to 
inductive charger can charge the inductive charger case , and L1 . To allow the system to operate automatically , a current 
simultaneously charge the mobile devices ( mobile phone , sensing system can be used to sense the secondary ( L2 ) 
Bluetooth headset , camera , etc. ) or battery . Alternatively , the being in close proximity to the primary ( L1 ) . In other 
desktop charger or power supply or base can be designed so 20 embodiments , a separate circuit for positive identification of 
that it can also charge the mobile device directly when the a device to be charged being in proximity can be integrated . 
device is placed on it ( without any case present ) . As These can include wireless identification systems such as 
described above , the inductive case can also be designed so RFID , Felica , Bluetooth , WiFi , WiMax , etc. In another 
that it will charge its internal batteries , and the devices embodiment , the system of the charger or power supply case 
inside , when it is connected to a regular power supply / 25 can be designed so that a chip in the charger or power supply 
charger . case ( near L2 ) senses an input voltage and modulates the 
Some embodiments of the case can include data storage , current through L2 in a pre - programmed manner . This 

communication or other capabilities ( for example , GPS , results in a modulation in the current in L1 that can be sensed 
WiFi , etc. ) . with the current sensor and positively identifies the charger 
FIG . 64 illustrates a multi - function device that includes a 30 or power supply case and initiates power transfer and 

hard drive , rechargeable battery , Bluetooth , and WiFi con- operation if the pattern matches a pre - stored pattern for 
nectivity . verification . In some embodiments , the inductive charger or 

Typical multi - function devices such as that shown in FIG . power supply base can have the shape of a formed piece that 
64 are of the size of a credit card and about 10 mm in the inductive case would fit into , or a pad for placement of 
thickness . The multifunction device allows a mobile phone 35 the inductive case and / or mobile devices or both . 
user to store the majority of their digital data ( pictures , Inductive case : In accordance with an embodiment , the 
movies , music , etc. ) , and to have that data available wire- case has means for receipt of power inductively ( from the 
lessly on their mobile devices . The mobile phone and charger or power supply base ) and charging another device 
multifunction device can also connect wirelessly to a com- ( or number of devices ) inductively . Alternatively , it may be 
puter or laptop , for download or upload of information . 40 possible for the case to be designed so that it operates by 

In accordance with an embodiment , a multifunction being charged or powered directly by a wired power supply / 
device such as that shown in FIG . 3 can be integrated into charger . The case has a receiver part that is connected to a 
the case , and can have a wireless charger or power supply battery charger circuit that charges one or more internal 
built into it . Once a mobile device is placed into the case or batteries and simultaneously , can also operate the circuitry in 
on the modified multifunction device , it can establish com- 45 the charger or power supply case to charge a nearby mobile 
munication , and / or can be charged simultaneously . Since a device or battery . The case has charger or power supply 
typical multifunction device already has internal recharge- circuitry similar to the charger or power supply base that can 
able batteries , the same batteries can be used to power the be powered by its internal battery or the power from the 
charger for the mobile device . The multifunction device case charger or power supply base . The case can in turn recognize 
can also be charged wirelessly ( using an inductive charger or 50 a nearby mobile device automatically or through mechanical 
power supply pad or similar device ) , or through conven- or other means as described earlier and commence charging 
tional means . when a mobile device is placed in or near the case / holster . 

In other embodiments , the wireless charger or power In another embodiment , the charger or power supply case 
supply case can be integrated into a compartment in a may contain two or more charger or power supply sections 
briefcase , handbag , backpack , carrier , clothing , automobile , 55 so that several devices in the case ( e.g. mobile phone and a 
airplane , or other transport vehicle , etc. Some of these are headset ) can be charged simultaneously . As described ear 
applications are described in further detail in copending U.S. lier , the circuitry / functions described here can be integrated 
patent application titled “ INDUCTIVE POWER SOURCE into a device that also extends the functionality to storage , 
AND CHARGING SYSTEM ” ; application Ser . No. 11/669 , WiFi or Bluetooth connectivity , etc. In one embodiment , the 
113 , incorporated herein by reference . 60 batteries in the charger or power supply case are identical to 
FIG . 65 illustrates a system for use with a charger or the batteries used in the mobile device and are removable . In 

power supply case to inductively power or charge a mobile this case , the user may exchange the batteries between the 
device . As shown therein , an inductive charger or power charger or power supply case and the mobile device ( such as 
supply base or pad charges a case , holster , or other small , a mobile phone ) in an emergency to allow quick use of the 
portable charger that in turn can charge or power a mobile 65 mobile device without waiting for the charging of the mobile 
device or battery placed in proximity to it . The second part device to occur . This can provide an additional desirable 
( charger case ) can be a stand - alone device or be integrated feature for the user . 
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Mobile Device Receiver : In accordance with an embodi- components can be additional noise sources . Described 
ment , the mobile receiver part comprises a coil and circuitry herein are some ways of reducing the effect of above EMI 
that can be either integrated into a mobile device by the 
manufacturer ( i.e. an OEM ) , integrated into a battery that Another important factor in efficient operation of an 
can be swapped with the original battery to enable a mobile 5 inductive charger / power supply is the alignment of the 
device to receive power inductively , or provided as a plug in charger / power supply coil and the receiver coil in the device 
unit that plugs into the existing power jack of a device and to be charged / powered . Various methods of alignment of the 
has the coil and the circuitry to enable the device to receive coils using magnets have been described in prior applica 
power inductively . Alternatively , the receiver can be built tions . In addition , also described are the use of moving coils 
into a jacket or skin for a device that plugs into the device 10 and other methods by which several coils or clusters of coils 
and allows the device to become " enabled ' . Variations of can be used to provide position tolerance between the coils 
these are described in further detail in copending U.S. patent for efficient power transfer . 
application titled “ INDUCTIVE POWER SOURCE AND In accordance with an embodiment , to reduce the tem 
CHARGING SYSTEM ” ; application Ser . No. 11 / 669,113 . perature increase at the inductive coil , several methods can 
The above - referenced patent application also describes the 15 be used . 
use of attracting magnets placed at the center of an inductive In accordance with an embodiment , the coil can be 
charger or power supply's PCB coil , and the center of the optimized by using the minimum number of turns necessary 
receive coil , to align and center the two parts conveniently . thereby decreasing the length and resistance of the coil . The 
Such techniques can be used in the base to case coil diameter , thickness , or width of the wire or PCB trace can be 
alignment , or the case to mobile device alignment or both . 20 optimized to provide optimum resistance . 
In addition , the alignment can be achieved through visual or For coils such as PCB coils discussed above , the magnetic 
mechanical marks , indentation , or mechanical design of the field created is strong inside the coil , and drops very rapidly 
parts to enable easy alignment . as the radial distance to the center of the coil exceeds the 
Heat Reduction and Dissipation radius of the coil . This dependence can be verified using 

In order to generate the magnetic field for an inductive 25 electromagnetic modeling ( such as described in Xun Liu ; 
charger and / or power supply , a coil made of wires or printed Hui , S. Y. , Optimal Design of a Hybrid Winding Structure 
on PCB is typically used . Such a coil can be in a simple way , for Planar Contactless Battery Charging Platform , IEEE 
modeled by an inductive and resistive element in series . The Transactions on Power Electronics , Volume 23 , Issue 1 , 
resistance of the coil can be estimated by using the dimen- January 2008 Page ( s ) : 455-463 ) , and also by experimental 
sions of the wire or PCB trace , its length , and the resistivity 30 means . The heat generated at the coil can be dispersed away 
of the material used ( such as copper ) . At higher frequencies , from the coil by use of high heat conductivity PCB sub 
the resistance increases due to the skin effect whereby the strates or material for the coils . Since the magnetic field is 
electrical current travels near the surface of the wire or trace minimal in the area outside the coil , use of high conductivity 
rather than throughout its cross section , thereby decreasing metal layers will not have a large effect on the field and will 
the wire's or trace's effective cross section . In order to obtain 35 not create undesirable eddy currents . Therefore , the surface 
reasonable inductive values , several turns of wire or PCB of the area surrounding the coil can be designed to have 
trace are necessary . metal or other material that have high heat conductivity and 

For example , in a PCB spiral coil of 1.25 " diameter , about remove the generated heat rapidly . 
10 turns are necessary for a 1 micro Henry inductance value . FIG . 66 is an illustration that shows a geometry for an 
To design a high efficiency inductive power transfer coil , the 40 arrangement 1030 in which the area surrounding a PCB coil 
resistivity of the coil must be minimized while the resulting is designed to have metal on the top , bottom or another layer 
induction is kept at desired levels . It must be noted that any of the PCB . As shown in FIG . 66 , the area surrounding a 
heat generated at the coil will increase the resistivity of the PCB coil is designed to have metal on the top , bottom or 
coil material in turn leading to higher heat generation and another layer of the PCB . The metal pattern can be incor 
temperature increase . To avoid this positive feedback for 45 porated at the same layer as the coil or a separate PCB layer . 
heat generation , the main methods for reduction of tempera- This metal layer can be continuous or have a gap in one area 
ture at the inductive coil include reduction of heat generated to avoid generation of eddy currents due to circulating 
and dispersal of heat away from the coil . electrons due to magnetic fields generated by the coil . In a 

In addition , electronic devices generally need to satisfy typical PCB , the coil and the metal layer are made of copper . 
regulatory and safety requirements which include the 50 In this manner , any heat generated at the coil is dispersed 
requirement not to interfere with the operation of nearby laterally rapidly and thus does not result in large temperature 
devices . For an inductive charger and / or power supply that increase . In accordance with an embodiment , such a PCB 
creates a time varying magnetic field to transfer energy to a can be itself the top layer of an inductive charger in which 
receiver , care must be taken to keep the level of interference case , any heat carried away by the metal layer can be 
to below allowed limits . 55 additionally evaporated to the surrounding environment . 

In general , the magnetic created by a small coil ( ~ 1 " diam- Alternatively , the heat can be further dispersed by removal 
eter ) of several turns when it is driven by an electrical to another area or surface or use of elements such as fins or 
voltage at around 1 MHz , does not radiate more than several slits . Similarly , the receiver coil and the circuitry for receiv 
mm beyond the coil and is confined to the near field . To ing power that is integrated into a device , battery , outside 
reduce the effect of such radiation ( for example , as provided 60 carrier of an electronics device , etc. can have a similar 
in Near Field PowerTM radiation devices ) at higher frequen- geometry to enable dispersal of heat generated . 
cies , which are of bigger concern for most devices , the In accordance with an embodiment , for typical applica 
driving voltage of the circuit must be made to have weaker tions with a PCB , the metal layer can be made from copper 
higher harmonics . material similar to that of the PCB coil itself , and it is desired 

Another concern for generation of Electromagnetic Inter- 65 to have sufficient thickness to provide a low thermal con 
ference ( EMI ) is the electronic circuitry and switching Field ductivity path for the heat . For example , a copper layer of 
Effect Transistor ( FET ) incorporated in the circuit . Such several microns or even 10s of micrometers can be used . 
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Any such high thermal conductivity or metal layer may Additionally , in the above geometries , the metal layer on 
begin at the edge of the PCB coil or with a gap to the PCB the top layer can be made to contact electrically to other 
coil . Since the layer is not covering the PCB coil , it may not metal layers on the side and / or bottom of the charger and / or 
cause eddy current loss in the layer . In those instances that power supply , thereby forming a box or other enclosed shape 
eddy currents are generated , a gap in the metal layer as 5 where only the coil is not covered by metal . Such an 
shown in FIG . 66 can be used to reduce the effect of enclosure will greatly attenuate EMI from the switching 
circulating currents , and reduce the resultant heating and electronics or other parts in the charger . To reduce the effect 
power draw . In accordance with an embodiment a metal of the potential eddy currents generated in the metal box due 
layer can be used on top of the coil ( with a thin non to the magnetic field , in some embodiments it is useful to 
conducting layer or dielectric in between ) if its thickness is 10 eliminate use of metal directly below the coil area where 
small . For example , in previous applications as referenced magnetic fields may exist . In addition , to avoid generation of 

eddy currents in the walls of the metal box or similar outside above , the use of a thin layer of metal ( several micrometers ) surface , the wall can be cut in one or more location so that on top of a PCB coil was described to act as an EMI shield a continuous metal circuit or ring is not formed , and does not for high frequencies while transmitting low ( around 1 MHz 15 allow the electrons to circle unimpeded . This gap can be and below ) frequencies of the inductive charger . Such a filled with a non - conductive material to provide rigidity . 
layer may also be used in addition to the metal layer In the geometries shown above , it is possible to use a PCB 
surrounding the coil to facilitate heat dispersal . whereby the coil is formed in one area and the electronics is 
FIG . 67 is an illustration that shows , in a multi - charger or on the same PCB . In accordance with an embodiment , to 

power supply where multiple coils are used , such a high heat 20 provide shielding and heat dissipation discussed above , the 
conductivity layer 1040 may be repeated around each coil or metal layer around the coil may be in a layer on top ( closer 
cover all areas between the multiple coils . to the outside surface ) of the PCB . For example , the coil may 
FIG . 68 is an illustration that shows a similar method may be formed on the top layer of the PCB along with the heat 

be used for heat removal from wound coils of other shape dissipation and / or EMI shield layer and the PCB electronic 
and type 1050 , 1056. In accordance with the geometry of 25 components may be on the bottom layer of the PCB . 
this embodiment , to facilitate heat removal from a coil that Alternatively , the metal layer can be in a separate layer in the 
may be a wound coil around a core , the coil may be attached middle or even the bottom layer with the PCB electronic 
to a high heat conductivity layer or a metal layer . In the case components . However , the EMI shielding effects from the 
of a metal layer , such a layer can be designed to be in the electronics components will be reduced if the metal layer 
area surrounding the outside of the coil to avoid interference 30 surrounds the electronics area and does not provide an 
with the field generated inside the coil . Similarly , to avoid electrical barrier directly above it . 
eddy currents , the metal layer or the core of the wound coil FIG . 70 shows an illustration of the electronics for the 
or both can have a gap or discontinuous portion to reduce PCB coil inductive charger and / or power supply or the 
circulating currents . inductive receiver as fabricated on the same PCB as the coil 

In above examples , a metal or high heat conductivity layer 35 in accordance with various embodiments 1070 , 1076. The 
has been shown . FIG . 69 shows an illustration of an embodi- electronics in this case may be at the bottom layer , while the 
ment 1060 in which the layer can be patterned to provide coil and the metal layer surrounding the coil are on the top 
heat conductivity channels rather than a continuous layer if layer and shield any electronic noise generated by the 
needed . electronics from the outside . 

In accordance with any of the above geometries , addi- 40 Any of the shapes and geometries discussed above are 
tional means of heat removal such as use of fins , fans , equally appropriate for incorporation into the charger and / or 
additional surfaces , heat pipes , thermal grease , thermally power supply coil or the receiver coil and for dispersal of 
conductive epoxies , etc. can be incorporated to facilitate heat and reduction of EMI from a device to be charged / 
heat removal . In addition , it is possible to incorporate heat powered inductively as well as the coil in the charger / power 
conducting layers , such as ceramics or polymers can be 45 supply itself . 
incorporated below or above the main PCB to help in heat Magnetic Alignment of Coils 
removal . In accordance with an embodiment , to enable efficient 

In the above discussion , round shape coils are generally power transfer in an inductive charger and / or power supply , 
shown . It will be evident that the techniques described the coils in the charger and / or power supply and the receiver 
herein are applicable to coils of other shape or multiple coils 50 must generally be aligned with on another . 
in a cluster or separated to power or charge separate devices . FIG . 71 shows an embodiment 1080 in which magnets 
In many instances , the increase of the temperature at the placed at the center of a stationary coil or a moving , floating 
center of a PCB coil is largest . To remove this heat , in charger and / or power supply coil and the receiver coil can 
accordance with an embodiment the surface of the charger provide a method for alignment of the coils and to achieve 
or a layer behind the coil that contains high heat conductivity 55 this result . 
material can be used to disperse the generated heat laterally . A problem with this method is that , since the magnetic 
An example of such a layer is ceramic material . High material is composed of electrically conductive material , 
alumina ceramics can provide high heat conductivity and eddy currents can be generated when the coils are operated 
low electrical conductivity , which characteristics are impor- to generate a time - varying magnetic field . This can cause 
tant for this application . 60 lost power , and can also cause heating in the magnets which 
Reduction of EMI from Inductive Charger and / or Power is not beneficial . 
Supply To address this problem , FIG . 72 illustrates an embodi 
An advantage of the metal layers discussed above is that ment 1090 in which two or more magnets that do not cross 

any EMI generated inside the inductive charger or power the center of the coil are used . This geometry reduces the 
supply will be greatly shielded from the outside and will be 65 eddy currents created greatly . In accordance with an embodi 
attenuated outside the charger or power supply device by the ment , the system can use an alternative magnet geometry 
metal layer . that provides a simple and inexpensive method for align 
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ment of coils . In addition , this method provides for a FIG . 74 shows an embodiment 1100 in which magnetic 
considerable amount of alignment tolerance when placing a arc shaped parts around a circular coil are used . This case 
device on the charger and / or power supply . may be combined with the matching magnet on the other 

To provide alignment magnets that will not draw current coil having the same shape or a ring shape similar to FIG . 
due to eddy currents created in them when a magnetic field 5 73. For example , in a mobile battery application where the 
is applied , in accordance with an embodiment the magnets battery with an integrated inductive receiver is charged by 
are placed outside the PCB coil area . placement on an inductive charger pad , the size of the coil 
FIG . 73 is an illustration of two embodiments 1094 , 1098 determines the received power and may require the width of 

that shows how the magnets may be placed outside the PCB the battery to be equal or similar to the receiver coil . To 
coil area . The magnet shown in FIG . 73 comprises a ring that 10 allow attachment of alignment magnets , two arcs as shown in FIG . 74 can be attached to the coil . In this case , the surrounds the coil or overlaps each coil such that little effect 
on eddy current generation or loss is created . If any eddy magnets can be placed in between the battery and the coil 

PCB to allow the coil to be on the top surface and therefore current effects are observed , then in accordance with an closest to the charger coil . The matching magnet in the 
embodiment gaps can be inserted in the magnet ring by 15 charger can be a ring or a similar set of arcs or another shape cutting after manufacture or by inserting this separation or size to facilitate alignment . If a ring is used behind the 
during manufacture . In this manner the eddy currents can be charger coil , then central symmetry between the two parts is 
significantly reduced or eliminated . The magnet in the case retained and the parts can be rotated with respect to each 
shown is magnetized perpendicular to the surface of the ring . other while keeping alignment for optimum operation . 
By attaching one magnet to around the charger and / or power 20 Other geometries are possible . For example , FIG . 75 
supply coil and another magnet with opposing polarity to the illustrates embodiments 1120 , 1126 in which the use of bar 
receiver coil , the two coils can easily be aligned with magnets on or around the coil is shown . Such a geometry 
minimal effort by the user . does not have the symmetry offered by a ring magnet . 

In addition , the use of a ring has the advantage of allowing However , this may be useful if only one dimension of 
circularly symmetric operation so that the two coils can be 25 alignment insensitivity is desired . 
rotated with respect to each other with no effect on charger / In any of the above geometries , use of two magnets with 
power supply operation or efficiency . opposing polarity to attract each other is described . How 
A typical geometry for the charger / power supply can ever , in accordance with some embodiments it is preferable 

comprise the PCB shown in FIG . 8 such that the coil can be for one of the parts to be non - magnetized . This may be 
fabricated on the top surface of the PCB , and the magnetic 30 advantageous in cases where it is not desirable for the 
ring is attached to the bottom side of the PCB where the mobile device to attract metallic parts when not being 
electronics may be located . A similar receiver can have a charged or powered by the inductive charger / power supply . 
magnet attached with opposing polarity so that when the An example may be a mobile phone where it is not desirable 
receiver is brought close to the charger / power supply , the for the phone to attract metallic objects during normal use . 
two magnets can attract and pull the coils into alignment . 35 In this case , the charger and / or power supply can contain a 
With this geometry , the magnetic field of the coils create magnetized part and the other matching part in the mobile 
attraction and alignment as long as the coils have any device / battery , can be made of appropriate magnetic mate 
overlap . rial but not magnetized . For example , the charger / power 

For example for coils of 1.25 " outside diameter and using supply may contain a magnetized ring as described above 
ring magnets of 1.25 " inner diameter , as long as the centers 40 and a mobile phone can have a matching ring or arc made 
of the coils are less than 1.25 " away laterally , the coils can of magnetic material but not magnetized . 
be brought into alignment when the two magnets are verti- In addition , it is possible for the charger and / or power 
cally ( distance in the axis perpendicular to the plane of the supply magnet to be activated electrically and be normally 
coil ) brought close enough to allow the magnetic fields to non - magnetized . For example , a wire winding or PCB trace 
sense each other . Thus in this case , if the user brings the 45 is placed around the perimeter of the power transfer coil and 
center of the receiver coil to be within a circle of 1.25 " radius powered to create a DC magnetic field for alignment of the 
of the center of the charger / power supply coil , the coils can two coils for power transfer / charging . In this way , neither of 
attract and provide automatic alignment of the parts . the two alignment parts need to be normally magnetized and 

For most applications , this amount of alignment tolerance therefore eliminate any concerns regarding unintended 
is sufficient . By using marks to outline the location for the 50 attraction of metallic objects or effects on magnetically 
coil on the surface , this degree of tolerance allows the user sensitive parts such as credit cards , etc. The generated 
to place a device or battery incorporating the receiver coil magnetic field can be further strengthened by using a 
very easily into the right location . non - magnetized magnetic material on or near the alignment 

Examples of magnets that can be used include those trace area . 
manufactured from various magnetic material such as Neo- 55 As an example , a circular path around the main charger / 
dymium Iron Boron , Samarium Cobalt , AlNiCo , ceramics , power supply PCB coil can be powered by a DC current 
bonded magnetic material , etc. The magnetic strength can be periodically or when a user desires to charge or power a 
designed to provide alignment or secure attachment without mobile device . This can be done by the user or can also be 
being too strong or difficult for separation . activated automatically by a sensor that senses the approach 

Alternatively , the coils can be manufactured on the lower 60 of an appropriate device to be charged or powered through 
surface close to the magnet and the electronics or can be RF , optical , magnetic , or other methods . Once the magnetic 
manufactured on another layer in between . Various geom- field ( such as a ring pattern as described above ) , is generated 
etries are possible . In any case , the magnets can be used to it will attract and align a magnetic metal part or magnet of 
align the two coils for optimum operation . appropriate shape in the mobile device or battery into the 

In above description , ring shaped magnets are described . 65 correct alignment and placement and help the user place the 
However , in many cases , size and spacing requirements may mobile device in the correct position . Once the device is 
require use of a different geometry . placed in the right location , the DC magnetic field may no 
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longer be necessary and can be shut down or reduced to save VRAMs , flash memory devices , magnetic or optical cards , 
power . Thus only for a very brief period this alignment nanosystems ( including molecular memory ICs ) , or any type 
magnet may be needed . During other times , neither the of media or device suitable for storing instructions and / or 
charger and / or power supply or the mobile device can be data . 
designed to have any magnetic field around them or contain 5 The foregoing description of an embodiment has been 
weaker magnets . provided for the purposes of illustration and description . It 

The use of magnets as described above is especially is not intended to be exhaustive or to limit an embodiment 
useful for cases where movement between the power supply to the precise forms disclosed . Many modifications and 
and / or charger and the device or battery to be charged or variations will be apparent to the practitioner skilled in the 
powered may occur . As an example , in an automobile 10 art . Particularly , while the embodiments of the systems and 
environment , it is desirable to keep a mobile device such as methods described above are described in the context of 
a phone from moving during charging . Thus the use of the charging pads , it will be evident that the system and methods 
magnets described above , in addition to the above benefits , may be used with other types of charger or power supplies . 
can enable use in moving environments . In addition , in some Similarly , while the embodiments described above are 
cases , it may be beneficial to have the charger and / or power 15 described in the context of charging mobile devices , other 
supply in a position that is not horizontal . For example , a types of devices can be used . The embodiments were chosen 
charger can be installed vertically . In this case , the magnets and described in order to best explain the principles of an 
can be designed to be strong enough to hold the mobile embodiment and its practical application , thereby enabling 
device or battery in place vertically during the charging or others skilled in the art to understand an embodiment for 
powering process . 20 various embodiments and with various modifications that 

In any of the above geometries , if any additional eddy are suited to the particular use contemplated . It is intended 
currents are generated as a result of the presence of the that the scope of an embodiment be defined by the following 
magnets , the effect can be minimized by fabricating the claims and their equivalence . 
magnet from low electrical conductivity materials or ceram- What is claimed is : 
ics , layering the magnet into thin sheets to increase resis- 25 1. An electronic device configured for receiving electro 
tivity , using bonded material in an epoxy matrix , roughing magnetic power by inductive power transfer , the electronic 
the surface , cutting gaps in the material to reduce circular device comprising : 
motion of electrons , or other common techniques to increase an inductive charging receiver within the electronic 
the resistivity . The magnet can also be manufactured from device configured to receive electromagnetic power by 
segments that are not electrically connected to prevent 30 inductive power transfer through a first surface of the 
electrons to be able to travel around a circular path . For electronic device from an alternating magnetic field at 
example , the ring magnet can be manufactured , formed or an operating frequency within a frequency range of 100 
attached the coils from two or four ring arcs that are not kHz to 1 MHz from an inductive charger when posi 
electrically in contact or attached to each other , using a tioned in proximity to the first surface of the electronic 
non - conducting epoxy to form a full ring , or parts of a ring . 35 device , the inductive charging receiver comprising : 

In addition , the coils shown above are generally circular . a substantially planar inductive coil comprising a 
However , the methods and discussion above can be applied metallic spiral - shaped conductor , 
to coils of any shape and size as well as an array or cluster wherein the inductive coil has a substantially planar 
of coils and can provide in performance of any size and type first side that faces the first surface and a substan 
of coil . tially planar second side that faces away from the 
The foregoing description of an embodiment has been first surface opposite the first side ; and 

provided for the purposes of illustration and description . It a planar first shield comprising an electrically conduc 
is not intended to be exhaustive or to limit an embodiment tive metal layer positioned between the metallic 
to the precise forms disclosed . The embodiments were spiral - shaped conductor of the first side of the induc 
chosen and described in order to best explain the principles 45 tive coil and the first surface of the electronic device 
of an embodiment and its practical application , thereby such that the first shield covers the metallic spiral 
enabling others skilled in the art to understand an embodi shaped conductor , 
ment for various embodiments and with various modifica wherein the metal layer has a metal thickness in a 
tions that are suited to the particular use contemplated . It is range of 1 micrometer to 70 micrometers , and 
intended that the scope of an embodiment be defined by the 50 wherein transmission of electromagnetic power 
following claims and their equivalence . through the first shield is allowed in the frequency 
Some aspects of an embodiment may be conveniently range for inductive power transfer . 

implemented using a conventional general purpose or a 2. The electronic device of claim 1 , wherein the metal 
specialized digital computer , microprocessor , or electronic thickness of the metal layer in the first shield is selected to 
circuitry programmed according to the teachings of the 55 attenuate transmission of electromagnetic interference noise 
present disclosure . Appropriate software coding can readily through the first shield at frequencies higher than the fre 
be prepared by skilled programmers and circuit designers quency range to avoid interference with operation of the 
based on the teachings of the present disclosure , as will be electronic device during inductive power transfer . 
apparent to those skilled in the art . 3. The electronic device of claim 1 , wherein the metal 

In some embodiments , an embodiment includes a com- 60 layer has a metal thickness of no greater than 20 microm 
puter program product which is a storage medium ( media ) eters . 
having instructions stored thereon / in which can be used to 4. The electronic device of claim 1 , wherein the first 
program a computer to perform any of the processes of an shield comprises metal having a conductivity equal to con 
embodiment . The storage medium can include , but is not ductivity of aluminum or higher . 
limited to , any type of disk including floppy disks , optical 65 5. The electronic device of claim 1 , further comprising an 
discs , DVD , CD - ROMs , microdrive , and magneto - optical inductive charging drive circuit , wherein the electronic 
disks , ROMs , RAMS , EPROMs , EEPROMs , DRAMS , device is configured to switch between receiving electro 
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magnetic power inductively through the first shield via the 15. The electronic device of claim 1 , wherein the induc 
inductive coil to charge the electronic device and transmit- tive charging receiver further comprises a plurality of arc 
ting electromagnetic power inductively through the first shaped permanent magnets arranged in a circular pattern 
shield via the inductive coil to an inductive charging receiver around the inductive coil with electrically non - conductive 
in a second electronic device using the inductive charging 5 gaps between the arc - shaped permanent magnets , 
drive circuit of the electronic device . wherein the arc - shaped permanent magnets are Neo 6. The electronic device of claim 1 , wherein the first dymium Iron Boron magnets , shield has a relative permeability of 1 . wherein the arc - shaped permanent magnets are config 

7. The electronic device of claim 1 , wherein the metal ured to assist in alignment of the inductive coil in the layer comprises at least one of copper and aluminum mate- 10 electronic device with an inductive charging coil in the rial . inductive charger when the first surface of the elec 8. The electronic device of claim 1 , wherein the metal tronic device is positioned in proximity to the inductive layer comprises at least one of silver and gold material . 
9. The electronic device of claim 1 , wherein the first charger , and 

shield further comprises a flexible substrate of mylar or 15 wherein the electrically non - conductive gaps are config 
polyimide material on which the metal layer is integrated . ured to impede generation of a circulating eddy current 

10. The electronic device of claim 1 , further comprising in the arc - shaped permanent magnets and heating of the 
a planar second shield positioned proximate the first shield , arc - shaped permanent magnets during inductive power 

wherein the second shield comprises metal and covers an transfer . 
area surrounding the inductive coil but does not cover 20 16. The electronic device of claim 15 , wherein the induc 
the inductive coil , tive charging receiver further comprises a magnetic sensor 

wherein the second shield inhibits transmission of elec- configured to detect the presence of the inductive charger 
tromagnetic interference noise to the electronic device when the first surface of the electronic device is positioned 
at frequencies higher than the frequency range , and in proximity to the inductive charger . 

wherein at least one of the first shield and the second 25 17. An electronic device configured for transmitting or 
shield is electrically coupled to a ground contact . receiving electromagnetic power by inductive power trans 

11. The electronic device of claim 10 , wherein at least one fer , the electronic device comprising : 
of the first shield and the second shield includes a gap that an inductive charging receiver within the electronic 
reduces generation of an eddy current in at least one of the device configured to receive electromagnetic power by 
first shield and the second shield during inductive power 30 inductive power transfer through a first surface of the 
transfer . electronic device from an alternating magnetic field at 

12. The electronic device of claim 10 , wherein the induc- an operating frequency within a frequency range of 100 
tive charging receiver further comprises : kHz to 1 MHz from an inductive charger when posi 

a ferrite third shield positioned within the electronic tioned in proximity to the first surface of the electronic 
device proximate the second side of the inductive coil , 35 device , the inductive charging receiver comprising : 
wherein the third shield is positioned such that the a substantially planar inductive coil comprising a 

inductive coil is between the first shield and the third metallic spiral - shaped conductor , 
shield ; wherein the inductive coil has a substantially planar 

a metallic fourth shield positioned within the electronic first side that faces the first surface and a substan 
device proximate the third shield ; and tially planar second side that faces away from the 

a non - metallic heat conducting fifth shield positioned first surface opposite the first side ; and 
within the electronic device proximate to the fourth a substantially planar first shield comprising an elec 
shield , trically conductive layer positioned between the 
wherein the fourth shield is positioned such that the metallic spiral - shaped conductor of the first side of 

third shield is between the inductive coil and the 45 the inductive coil and the first surface of the 
fourth shield , and electronic device such that the first shield covers 

wherein at least one of the first shield and the fourth the metallic spiral - shaped conductor , and 
shield is coupled to the ground contact . wherein transmission of electromagnetic power 

13. The electronic device of claim 10 , further comprising : through the first shield is allowed in the fre 
a near field communication ( NFC ) antenna separate from 50 quency range for inductive power transfer and 

the inductive coil ; and transmission of electromagnetic power through 
circuitry for data communication using the NFC antenna ; the first shield is attenuated at frequencies 
wherein the NFC antenna and the circuitry for data higher than the frequency range . 

communication are each shielded by at least one of the 18. The electronic device of claim 17 , wherein the first 
first shield and the second shield . 55 shield has a relative permeability of 1 and comprises metal 

14. The electronic device of claim 1 , further comprising : having an approximate conductivity equal to conductivity of 
an enclosure comprising metal that covers at least some aluminum or higher and a metal thickness in a range of 1 

electronic components of the electronic device , micrometer to 70 micrometers . 
wherein at least a portion of the enclosure is configured 19. The electronic device of claim 17 , wherein the induc 

to allow passage of the alternating magnetic field to 60 tive charging receiver further comprises a metallic second 
the inductive coil for inductive power transfer , shield positioned proximate the first shield and electrically 

wherein the enclosure shields at least some electronic coupled to the first shield , 
components of the electronic device from electro- wherein the second shield covers an area surrounding the 
magnetic interference noise at frequencies higher inductive coil but does not cover the inductive coil , and 
than the frequency range , and wherein the second shield inhibits transmission of elec 

wherein at least one of the enclosure and the first shield tromagnetic interference noise to the electronic device 
is electrically coupled to a ground contact . at frequencies higher than the frequency range . 
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20. An electronic device configured for receiving and in the arc - shaped permanent magnets and heating of the 
transmitting electromagnetic power by inductive power arc - shaped permanent magnets during inductive power 
transfer , the electronic device comprising : transfer . 

a first surface configured for receiving and transmitting 26. The electronic device of claim 20 , further comprising 
inductive power by an alternating magnetic field at an an electrically conductive second shield means positioned operating frequency within a frequency range of 100 proximate the first shield means , wherein the second shield 
kHz to 1 MHz ; means covers an area surrounding the inductive coil but does a substantially planar inductive coil comprising a metallic not cover the inductive coil . 
spiral - shaped conductor within the electronic device 27. The electronic device of claim 25 , further comprising for receiving power and transmitting power with the 10 
alternating magnetic field , a magnetic sensor that detects the presence of the compatible 

inductive charging receiver coil in the second electronic wherein the inductive coil has a substantially planar device for receiving power inductively from the electronic first side that faces the first surface and a substan device when the first surface is positioned in proximity to the tially planar second side that faces away from the second electronic device . first surface opposite the first side ; 
an inductive charging system configured to cause the 28. An electronic device configured for receiving or 

electronic device to switch between receiving power transmitting electromagnetic power by inductive power 
inductively from an inductive charger through the transfer through a first surface of the electronic device with 
inductive coil to charge the electronic device and an alternating magnetic field at an operating frequency 
transmitting power inductively through the inductive 20 within a frequency range of 100 kHz to 1 MHz , the 
coil to charge a second electronic device ; and electronic device comprising : 

a substantially planar first shield means for attenuating a substantially planar inductive coil comprising a metallic 
transmission of electromagnetic interference noise at spiral - shaped conductor , 
frequencies above the frequency range while allowing wherein the inductive coil has a substantially planar 
transmission of inductive power through the first shield 25 first side that faces the first surface and a substan 
means in the frequency range for inductive power tially planar second side that faces away from the 
transfer , first surface opposite the first side ; and wherein the first shield means is positioned between the a substantially planar first shield means positioned metallic spiral - shaped conductor of the first side of between the metallic spiral - shaped conductor of the the inductive coil and the first surface of the elec- 30 first side of the inductive coil and the first surface of the tronic device such that the first shield means covers electronic device to disperse heat generated by the the metallic spiral - shaped conductor . inductive coil during inductive power transfer while 21. The electronic device of claim 20 , 

wherein the first shield means comprises metal , and allowing transmission of inductive power in the fre 
wherein the first shield means has a relative permeability 35 quency range through the first shield means for induc 

tive power transfer , of 1 . 
22. The electronic device of claim 20 , wherein the first shield means covers at least the 
wherein the first shield means comprises a non - metallic metallic spiral - shaped conductor . 

electrically conductive material , and 29. The electronic device of claim 28 , further comprising : 
wherein the first shield means has a relative permeability 40 a rechargeable battery ; and 

of 1 . an inductive charging drive circuit ; 23. The electronic device of claim 22 , wherein the non 
metallic electrically conductive material comprises at least wherein the electronic device is configured to switch 
one of the following : organic material , nanotech material , between : 
and nanotube material . receiving electromagnetic power inductively through 

24. The electronic device of claim 20 , wherein the first the first shield means via the inductive coil to charge 
shield means has a thermal conductivity that is sufficiently the rechargeable battery , and 
high to allow heat dispersal from the inductive coil while transmitting electromagnetic power inductively receiving inductive power . through the first shield means via the inductive coil 25. The electronic device of claim 20 , further comprising 50 to an inductive charging receiver in a second elec a plurality of arc - shaped magnets arranged in a circular tronic device using the inductive charging drive pattern around the inductive coil with electrically non circuit ; and conductive gaps between the arc - shaped permanent mag 
nets , wherein the first shield means comprises electrically 

wherein the arc - shaped permanent magnets are config- 55 conductive material within a thickness range of 1 
ured to assist in alignment of the inductive coil with : micrometer to 70 micrometers . 
a compatible inductive charger coil in the inductive 30. The electronic device of claim 28 , further comprising 

charger when the first surface is positioned in prox- a substantially planar second shield means positioned proxi 
imity to the inductive charger when the electronic mate the first shield means , 
device receives power inductively , and wherein the second shield means covers an area surround a compatible inductive charging receiver coil in the ing the inductive coil but does not cover the inductive second electronic device when the first surface is coil , and positioned in proximity to the second electronic 
device when the electronic device transmits power wherein the second shield means comprises thermally 
inductively , and conductive material for heat dispersal during inductive 

wherein the electrically non - conductive gaps are config 
ured to impede generation of a circulating eddy current 
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