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A portion of the disclosure of this patent document contains

materia! which is subject to copyright protection. The copyright

owner has no objection to the facsimile reproduction by anyone of

the patent document or the patent disclosure, as it appears in the

Patent and Trademark Office patent file or records, but otherwise

reserves aii copyright rights whatsoever.

Claim of Priority:

[0001] This application claims priority to U.S. patent application 12/1 16,876, filed May

7 , 2008, titled "SYSTEM AND METHOD FOR INDUCTiVE CHARGING OF PORTABLE

DEVICES", which is a continuation-in-part of U.S. patent application 11/669,1 13, filed

1/30/2007, titled "INDUCTiVE POWER SOURCE AND CHARGING SYSTEM", which

application claims the benefit of U.S. provisional patent application 60/763,816, filed

1/31/2006, titled "PORTABLE INDUCTIVE POWER SOURCE"; U.S. provisional patent

application 60/810,262, filed 6/1/2006, titled "MOBILE DEViCE, CHARGER, AND POWER

SUPPLY"; U.S. provisionai patent appiication 60/810,298, filed 6/1/2006, titled "MOBILE

DEVICE, BATTERY, CHARGiNG SYSTEM, AND POWER SUPPLY"; and U.S. provisional

patent application 60/868,674, filed 12/5/2006, titled "SYSTEM FOR PROVIDING A

PORTABLE iNDUCTIVE POWER SOURCE"; this application also claims the benefit of U.S.

provisional patent application 60/916,748, filed 5/8/2007, titled "CHARGING AND

POWERING MOBILE DEVICES, BATTERIES"; U.S. provisional patent application

60/952,835, filed 7/30/2007, titled "INDUCTIVE CHARGING OF PORTABLE DEVICES"; U.S.

provisionai patent application 61/012,922, filed 12/12/2007, tified "WIRELESS CHARGER

WITH POSITION INSENSITIVITY"; U.S. provisional patent application 61/012,924, fiied

12/12/2007, titled "CONTROL, REGULATION, AND COMMUNICATION IN CHARGERS";

U.S. provisionai patent application 61/015,606, filed 12/20/2007, titled "PORTABLE

INDUCTIVE POWER SOURCE"; and U.S. provisional patent application 61/043,027. fiied

4/7/2008, titled "INDUCTIVE POWER SOURCE AND CHARGING SYSTEM"; this appiication

is also related to copending U.S. patent application 11/757,067 fiied 6/1/2007, titied "POWER
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SOURCE, CHARGING SYSTEM, AND INDUCTIVE RECEIVER FOR MOBILE DEVICES",

each of which above applications are herein incorporated by reference.

Field ofInvention:

[0002] The invention is related generally to power supplies, power sources, and

particularly to a system and method for inductive charging of portable devices.

Background:

[0003] There is currently a need for powering portable or mobile devices for use in

commercial, business, personal, consumer, and other applications. Examples of such

devices include cellular telephones, persona! digital assistants (PDAs), notebook computers,

mobile email devices, Blackberry devices, Bluetooth headsets, hearing aids, music players

(for example, MP3 players), radios, compact disk players, video game consoles, digital

cameras, walkie-talkie or other communication devices, GPS devices, laptop computers,

electric shavers, and electric toothbrushes fttost of these devices include a rechargeable

internal battery that must be first charged by an externa! power supply or charger, before the

device itself can be used. The power supply typically provides direct current (DC) voltage

through a special connector to the device. The power supply can then be disconnected, and

the device will continue to run for a short period of time until the battery is depleted. The

voltage and power requirements of the different devices vary, and to date there is currently

no standardized connector for the devices As a result of this, each mobile device is

invariably sold or distributed bundled with its own charger. The costs associated with these

multiple different types and numbers of charger are paid by the consumer indirectly by being

incorporated into the prices being charged for the mobile device.

|0004] The rapid increase in the total number and variety of mobile products has

meant that most people have several of the above-mentioned devices. In a typical day, that

user would have to separately connect their multiple devices to each of their appropriate

chargers for charging of each device. In addition many people find it necessary to charge

their devices in different locations such as their offices and cars. Thus, many users have

purchased additional chargers for their offices and cars, for use in charging their mobile

phones, notebook computers, and music players in those locations.

[0005] It will be evident that the above situation has caused typical users to have a

multitude of incompatible devices (i.e. power supplies and chargers) that essentially provide

the same function of charging a mobile device, but because of the number and variety that

must be kept by the user are inconvenient to use. In many situations, users simply forget to

charge their devices, or else find they need to recharge their device in situations where no
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appropriate charger is available. This leads to loss of ability to use the device when desired

or needed.

[0006] In addition, when traveling way from home, mobile users have a particular

problem in that they need to pack and carry the multiple chargers for their devices, In many

5 situations, these chargers are bulkier and heavier than the devices themselves, and use of

these devices in foreign countries requires clumsy adaptors, and sometimes voltage

converters. This leads to a high degree of inconvenience for the ever-more-mobile

consumer.

[0007] in addition, the power connector for the mobile devices is often cheaply

J0 manufactured, and a source of mechanical and electrical failure. In many applications, such

as toothbrushes or applications where the device is exposed to water and needs to be

hermetically seaied, such a physical connection can not be used. Thus an alternative means

of powering those types of devices must be used.

[0008] Sβvβrai products have tried to address this situation. Some companies

J5 propose the use of a universal charger that consists of a power supply base unit, and

interchangeable tips that both fit into the base unit and in turn fit different devices. The tip

includes a customized regulator that sets the voltage required by the particular device.

However, a user must carry the muitiple tips he or she needs for each of the various devices

they have and then charge each device serially by connecting the device to the power

0 supply. While this product reduces the overall weight of the charging tools the user must

carry, the user still needs to carry and exchange the tips to connect to different devices. In

addition, the charging of muitiple devices simultaneously is often not possible.

[0009J Realizing that a power suppiy typically contains a transformer for voltage

conversion, another approach is to split the transformer into two parts: a first part can contain

5 the first winding and the electronics to drive this winding at the appropriate operating

frequency, while the second part consists of a winding where power is received and then

rectified to obtain DC voltage. If the two parts are brought into physical proximity to each

other, power is transformed from the first part to the second inductively, i.e. by induction,

without any physical electrical connection. This is the approach that is used in many

0 electrical toothbrushes, shavers, and other products that are expected to be used in wet

environments. However, a common problem with such inductive units is that the windings

are bulky, which restricts their use in lightweight portable devices. Furthermore, to achieve

adequate power transfer, the parts must be designed to fit together suitably so that their

windings are closely aligned. This is typically done by molding the device casing (for

5 example, an electric toothbrush) and its charger/hoider so that they fit together in only one
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suitable way. However, the molded base and shape of the portable device means they

cannot be used in a universal fashion to power other devices.

[0010] Some companies have proposed pad-like charging devices based on

inductive concepts, but that also ostensibly allow for different types of devices to be charged.

These pads typically include grids of wires in an x and y direction, that carry an electrical

current, and that generate a uniform magnetic field parallel to the surface of the pad. A

receiver coil wound around a magnetic core lies on the surface of the pad and picks up the

magnetic field parallel to the surface, and in this manner energy can be transferred.

However, each of these methods suffer from poor power transfer, n that most of the power in

the primary is not picked up in the receiver, and thus the overaii power efficiency of the

charger is very low. In addition, the magnetic cores used for the primary and receiver are

often bulky and add to the total cost and size of the system, and limit incorporation into many

devices.

[0011] Another point to note is that, while all of the above devices allow a user to

charge a device, they also require the charging device or base unit to be electricaily

connected to a power source, such as a power outlet or a DC source. In many cases, the

user may not have access to such a power source such as when traveling, camping, or

working in an area without access to power. However, to date, no device has been provided

that is portable, and that allows for inductive charging of multiple devices with differing power

requirements, and which itself can be intermittently or occasionally charged either by an

external power source, or by other means, or that is self-powered or includes its own power

source.

Summary:

[0012] A portable inductive power source, power device, or unit, for use in powering

or charging electrical, electronic, battery-operated, mobile, and other devices or rechargeable

batteries is disclosed herein in accordance with an embodiment the system comprises 2

parts: The first part is a pad or similar base unit that contains a primary, which creates an

alternating magnetic field by means of applying an alternating current to a winding, coil, or

any type of current carrying wire. The second part of the system is a receiver that comprises

a means for receiving the energy from the alternating magnetic field from the pad and

transferring it to a mobiie or other device or rechargeable battery. The receiver may

comprise coiis. windings, or any wire that can sense a changing magnetic field, and rectify it

to produce a direct current (DC) voltage, which is then used to charge or power the device.

[0013] In some embodiments the receiver can also comprise eiectronic components

or logic to set the voltage and current to the appropriate levels required by the mobile device
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or the charging circuit in the device, or to communicate information to the pad. In additional

embodiments, the charging or power system can provide for additional functionality such as

communication of data stored in the electronic device or to be transferred to the device.

Some embodiments may aiso incorporate efficiency measures that improve the efficiency of

power transfer between the charger and receiver, and ultimately to the mobile device or

battery in accordance with an embodiment the charger or power supply includes an interna!

battery for self-powered operation. In accordance with other embodiments the charger or

power supply can include a solar eel! power source, hand crank, or other means of power

suppiy for occasional self powered operation. Other embodiments can be incorporated into

charging kiosks, automobiles, trains, airpianes, or other transport and other applications.

[0014] In accordance with various embodiments, additional features can be

incorporated into the system to provide greater power transfer efficiency, and to allow the

system Io be easily modified for applications that have different power requirements. These

include variations in the material used to manufacture the primary and/or the receiver coils;

modified circuit designs to be used on the primary and/or secondary side; and additional

circuits and components that perform specialized tasks, such as mobile device identification,

and automatic voltage or power-setting for different devices.

Brief Description of the Figures;

[001 5] Figure 1 shows a pad using multiple transmitter or charger coils in

accordance with an embodiment.

[0016] Figure 2 shows a figure of a circuit diagram in accordance with an

embodiment.

[0017] Figure 3 shows a charging pad using multiple coiis in accordance with an

embodiment.

[0018] Figure 4 shows a charging pad using multipie overlapping coil layers in

accordance with an embodiment.

[0019] Figure 5 shows the use of multiple coil types and sizes in overlapping pad

layers in accordance with an embodiment.

[0020] Figure 6 shows a receiver with an integrated battery in accordance with an

embodiment.

[0021] Figure 7 shows a coupling of receiver with a device to be charged or powered

in accordance with an embodiment

[0022] Figure 8 shows a pad aiiowing modular or multiple connectivity in accordance

with an embodiment.
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[0023] Figure 9 shows a figure of a circuit diagram in accordance with an

embodiment

[0024] Figure 10 shows a figure of a circuit diagram in accordance with an

embodiment.

[0025] Figure 11 shows a figure of a circuit diagram in accordance with an

embodiment.

[0026] Figure 12 shows a figure of power transfer chart in accordance with an

embodiment.

[0027] Figure 13 shows a figure of a coil layout in accordance with an embodiment.

[0028] Figure 14 shows a figure of a coil layout in accordance with art embodiment.

[0029] Figure 15 shows a figure of a charging pad with muitiple coils in accordance

with an embodiment.

[0030] Figure 18 shows a figure of a charging pad with movable coils and two

devices receiving power or charge in accordance with an embodiment.

[0031] Figure 1? shows a figure of a circuit diagram in accordance with an

embodiment.

[0032] Figure 18 shows an illustration of a means of stacking coils, in accordance

with an embodiment.

[0033] Figure 1 shows a figure of a circuit diagram for identification verification in

accordance with an embodiment.

[0034] Figure 20 shows a figure of a circuit diagram for bidirectionai communication

in accordance with an embodiment.

[0035] Figure 21 shows a figure of a circuit diagram for output controller in

accordance with an embodiment.

[0036] Figure 22 shows a figure of a circuit diagram for the receiver with regulator in

accordance with an embodiment.

[0037] Figure 23 shows a figure of a circuit diagram for MCU regulation in

accordance with an embodiment.

[0038] Figure 24 shows a figure of a circuit diagram for unidirectional communication

in accordance with an embodiment.

[0039] Figure 25 shows a figure of a circuit diagram for time-based regulation in

accordance with an embodiment.

[0040] Figure 26 shows a high level view of a flyback power supply geometry in

accordance with an embodiment.
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[0041] Figure 27 shows an embodiment in which the output voStage to a load is

monitored and with changes in the load condition a chip or a Micro Controller Unit (MCU)

varies the frequency or the duty cycie of the FET driver to achieve optimum operation.

[0042] Figure 28 shows an implementation of a charger in accordance with an

embodiment, wherein the primary stage and the receiver stage communicate wireSessiy.

[0043] Figure 29 shows an embodiment that inciudes Zero Voltage Setting (ZVS).

[0044] Figure 30 shows an embodiment in which, instead of a digital feedback

circuit, an analog circuit based on coupling between a Sight emitting diode (LED) and a light

detector can be used.

[0045] Figure 3 1 shows an embodiment in which the opto-coupSβr is replaced by a

Voltage Controlled Oscillator (VCO) and FET and in the primary, the signal is sent to adjust a

frequency controiler to provide optimum output voltage.

[004β] Figure 32 shows an embodiment in which the wireless link can be analog or

digitai or can be integrated into the device to take advantage of existing wireless links in the

device

[0047] Figure 33 shows a basic schematic for an inductive single coil charging

system in accordance with an embodiment.

[0048] Figure 34 shows the main components of a wireless power/charging system

in accordance with an embodiment.

[0049] Figure 35 shows a typical experimental curve for power transferred and

Power Transfer in accordance with an embodiment

[0050] Figure 36 shows an embodiment in which a coii mosaic is used to cover the

surface area of a pad.

[0061] Figure 37 shows an embodiment in which the number of drive (and sensing)

circuits may be reduced by using eiectrical or electronic switches,

[0052] Figure 38 shows an embodiment in which three coii iayer printed circuit board

(PCB) is arranged to provide a duster for uniform power in an area using only one coii

powered at any given time.

[0053] Figure 39 shows an embodiment in which the coils are arranged such that by

powering only one of the coils in the ciuster any receiver coil piaced with a center within any

iocation in the effective area can receive the specified power if the appropriate charger coil is

activated.

[0054] Figure 40 shows an embodiment in which the number of switches required is

reduced.

[00S5] Figure 41 shows an embodiment of a muiti-charger pad that incorporates a

piuraSity of charging dusters.
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[0056] Figure 42 shows an embodiment that uses a cluster of two layers of three

coils and a centra! coil to create an effective area.

10057] Figure 43 shows a mosaic of hexagonal coils with the central port to each coil

shown as circles.

5 [0058] Figure 44 shows an embodiment of a MEMS pad including the top view.

[0059] Figure 45 shows an embodiment of a MEMS pad including a segmented

MEMS charger pad.

[0060] Figure 46 shows an embodiment in which one or more regulated power

supplies are connected to the charger pad.

J0 [0061] Figure 47 shows an array of contacts on the surface of a pad in accordance

with an embodiment.

[00S2] Figure 48 shows the side view of a MEMS conductive charger pad in

accordance with an embodiment,

[0063] Figure 4θ shows an embodiment wherein several regulated power supplies

1S provide power to the pad, to allows charging of several devices simultaneously.

[0064] Figure 50 shows an alternative embodiment of a pad using a segmented

surface.

[0065] Figure 5 1 shows an industry standard means that is used for measuring

emissions from a product.

0 [00S6] Figure 52 shows an embodiment which illustrates absorption through a

copper layer.

[0067] Figure 53 shows attenuation values for Copper and Aluminum layers for

several thicknesses.

[0068] Figure 54 shows transmitted power through Copper and Aluminum layers of

5 varying thickness for an incident field at 1 MHz.

[006S] Figure 55 shows an embodiment which allows for obtaining local alignment

independence between coils in the charger and the receiver.

[0070] Figure 56 show an embodiment in which coil magnets can divided into

sections.

0 [0071] Figure 57 shows an embodiment in which one or more alignment magnets

can be used behind each coil.

[0072] Figure 58 shows an illustration of a device for inductive power charging that

includes an internal battery for self-powered operation, in accordance with an embodiment.

[0073] Figure 59 shows an illustration of an inductive charger unit with a solar cell

5 power source for self powered operation, in accordance with an embodiment.
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[0074] Figure 60 shows an illustration of an inductive charger unit with an

incorporated communications and/or storage unit, in accordance with an embodiment.

[0075] Figure 6 1 shows an illustration of a kiosk that incorporates an inductive

charger unit in accordance with an embodiment.

[0076] Figure 62 illustrates some common regular (non-charger) mobile phone

holders types, in accordance with an embodiment.

[0077] Figure 63 illustrates various products for a music player, that includes an

external rechargeable battery pack, in accordance with an embodiment.

[0078] Figure 64 illustrates a multi-function device that includes a hard drive,

rechargeable battery, and wireless connectivity, in accordance with an embodiment.

[007S] Figure 65 illustrates a system for use with a charger case to inductively power

or charge a mobile device, in accordance with an embodiment.

[0080] Figure 66 shows a pad using muitiple receiver/energizer coils in accordance

with an embodiment.

[0081] Figure 67 shows, in a multi-charger or power supply where multiple coils are

used, such a high heat conductivity layer may be repeated around each coil or cover all

areas between the multiple coils, in accordance with an embodiment.

[0082] Figure 68 shows a similar method that may be used for heat removal from

wound coils of other shape and type.

[0083] Figure 69 shows an embodiment in which the layer can be patterned to

provide heat conductivity channels rather than a continuous layer.

[0084] Figure 70 shows an illustration of the electronics for the PCB coil inductive

charger and/or power supply or the inductive receiver as fabricated on the same PCB as the

coil, in accordance with an embodiment.

[008S] Figure 7 1 shows an embodiment in which magnets placed at the center of a

stationary coil or a moving, floating charger and/or power supply coil and the receiver coil can

provide a method for alignment of the coils and to achieve this result.

[0086] Figure 72 shows an embodiment in which two or more magnets that do not

cross the center of the coil are used.

[0087] Figure 73 is an illustration that shows how the magnets may be placed

outside the PCB coil area, in accordance with an embodiment.

[0088] Figure 74 shows an embodiment in which magnetic arc-shaped parts around

a circular coil are used.

[0089] Figure 75 illustrates the use of bar magnets on or around the coil : in

accordance with an embodiment.
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Detailed Description:

[0090] A portable inductive power source, power device, or unit, for use in powering

or charging electrical, electronic, battery-operated, mobile, rechargeable batteries, and other

devices is disclosed herein in accordance with an embodiment the system comprises two

parts: The first part is a pad or similar base unit that contains a primary, which creates an

alternating magnetic field by means of applying an alternating current to a winding, coil, or

any type of current carrying wire. In some embodiments the pad can also contain various

signaling, and switching or communication circuitry, or means of identifying the presence of

devices or batteries to be charged or powered in some embodiments the pad can also

contain multiple coils or sections to charge or power various devices or to aϋow charging or

powering of devices or batteries placed anywhere on the pad. The second part of the

system is a receiver that comprises a means for receiving the energy from the alternating

magnetic field from the pad and transferring it to a mobile battery, or other device. The

receiver can comprise coils, windings, or any wire that can sense a changing magnetic field,

and rectify it to produce a direct current (DC) voltage, which is then used to charge or power

the device or battery.

[0091] In some embodiments the receiver can also comprise eiectronic components

or iogic to set the voltage and current to the appropriate levels required by the mobile device

or battery in some embodiments, the receiver can also contain circuitry to sense and

determine the status of the electronic device or battery to be charged, the battery inside a

device, or a variety of other parameters and to communicate this information to the pad. In

additional embodiments, the system can provide for additional functionality such as

communtcatton of data stored in the electronic device (for example, digital images stored in

cameras, telephone numbers in ceil phones, songs in MP3 piayers) or data into the device

[0092] Embodiments can also incorporate efficiency measures that improve the

efficiency of power transfer between the charger or power supply and the receiver, and

ultimately to the mobile device or battery. In accordance with an embodiment, the charger or

power supply comprises a switch, (for example, a MOSFET device or another switching

mechanism), that is switched at an appropriate frequency to generate an alternative current

(AC) voltage across a primary coil, and generates an AC magnetic field. This field in turn

generates a voltage in the coil in the receiver that is rectified and then smoothed by a

capacitor to provide power to a ioad, with the result being greater efficiency

[0093] In accordance with other embodiments the coils are mounted such that they

can move laterally within the pad and within an area of their segments, while continuing to be

connected to their driver electronics placed on the edges of the area. The floating coils and

the drive circuit are sandwiched in between thin upper and lower cover layers that act to
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allow the coils lateral movement white limiting vertical movement. When a receiver is placed

on the pad, the pad senses the position of the receiver coil and moves the coils to the right

position to optimize power transfer. Magnets can be used to better orient the coils and

improve greater power transfer efficiency

[0094] Additional embodiments are also described herein. For example, in

accordance with an embodiment the charging/power supply device includes an internal

battery for self-powered operation, In accordance with other embodiments the

charging/power supply device can include a solar cell power source, hand crank, or other

means of power supply for occasional self powered operation. Other embodiments can be

incorporated into charging kiosks, automobiles, computer cases, and other electronic devices

and applications.

Inductive Charging System

[0095] While the above mentioned technologies describe various aspects of inductive

charging, they do not address the basic requirements that a consumer and manufacturer

desire in such a product. These include the foϋαwing desired features:

• The pad should be able to charge or power a number of devices or batteries with

various power requirements efficiently. A typical number may be one to six or even 12 or

moredevices or batteries, including four or more Sow power (up to 5 W) devices or batteries

simultaneously. When multiple devices or batteries are being charged, a method for

energizing only those coils near a device or battery is preferable.

• The same pad should be able to power low-power devices (mobile phones, PDAs,

cameras, game consoles, etc.) or batteries with power requirements of 5 W or less, and

higher-power devices such as notebook computers (which often have a power requirement of

60 W or higher) or high power batteri es

• The power transfer efficiency between the primary coil and the receiver should be

maximized. Lack of efficiency in the power transfer would necessitate larger and heavier AC

to DC power supplies. This would add cost and decrease product attractiveness to

customers. Thus methods where the entire pad is energized are not as attractive.

• A simple method for verification of the manufacturer of the receiver, and possibly

information for power requirements, should be supported as necessary to ensure product

compatibility and to provide means of product registration and licensing.

• The EM! radiation from the system should be minimized, and ideally, the system

should radiate little or no EM! with no device present. A charger should preferably not emit

any power until an appropriate device or battery is brought close to the charger or power

supply itseif. In this way, electric power is not wasted, and electromagnetic power is not
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emitted needlessly. In addition, accidental effects on magnetically sensitive devices such as

credit cards, disk drives and such are minimized.

♦ The pad and the receiver should be reasonably simple to construct, and cost

effective. Since both parts can be integrated into mobile devices or batteries, the overall

size, weight, and form factor should be minimized.

[0096] As used herein, the term "charger" can refer to a device for supplying power to

a mobile or stationary device for the purpose of either charging its battery, operating the

device at that moment in time, or both. For example, as is common in portable computers,

the power supply can operate the portable computer, or charge its battery, or accomplish

both tasks simultaneously. The charger may include circuitry for driving a coil appropriately

to generate an AC magnetic fteid, power or current sense or regulation circuitry,

microcontrollers, and means of communication with a receiver, battery, or device. It may

also be able to communicate data with a device or battery or perform other functions. As

used herein, the term 'receiver' means an inductive coil or coils and the circuitry for

rectiffcation and smoothing of received current, any possible control or communication

circuitry for communication with the charger and regulation of power and any possible circuit

for managing charging or measurement of status of a battery or a device to be charged or

powered such as a charge management circuit, fuel gauge, current, voltage, or temperature

sensor, etc. The receiver can also incorporate appropriate circuitry for data transfer between

a device or battery and the charger In accordance with an embodiment, the mobile device

charger and/or power supply can have any suitable configuration, such as the configuration

of a flat pad. The power received by the mobile device from the mobile device charger/power

supply (such as the primary in the mobile device charger) can be rectified in the receiver and

smoothed by a capacitor before being connected to the rechargeable battery which is

represented by the load in the figures. To ensure proper charging of the battery, a regulator

or charge management circuit can be placed between the output of the output of the

rectifier/capacitor stage and the battery. This regulator or charge management circuit can

sense the appropriate parameters of the battery (voltage, current, capacity), and regulate the

current drawn from the receiver appropriately. The battery can contain a chip with

information regarding its characteristics that can be read out by the regulator or charge

management circuit. Alternatively, such information can be stored in the regulator or charge

management circuit for the mobile device to be charged, and an appropriate charging profile

can also be programmed into the regulator or charge management circuit

[0097] Figure 1 shows a pad using multiple receiver/e πergizer coils in accordance

with embodiment. In its simplest format, the mobile device or battery charger or power

supply preferably has a substantially flat configuration, such as the configuration of a pad
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100, and comprises multiple coils or sets of wires 104 These coils or wires can be the same

size as or larger than the coils or wires in the mobile devices, or battery and can have simiiar

or different shapes, including for example a spiral shape. For example, for a mobile device

charger or power suppiy designed to charge or provide power to up to four mobile devices of

5 simiiar power (up to 10 W each) such as mobile phones, MP3 players, batteries, etc, four or

more of the coils or wires will ideally be present in the mobile device or battery charger. The

charger or power supply pad can be powered by plugging into a power source such as a wall

socket or itseif be powered or charged inductively. The pad can also be powered by another

eiectronic device, such as the pad being powered through the USB outlet of a laptop or by

IO the connector that laptops have at the bottom for interfacing with docking stations, or

powering other devices. The pad can also be incorporated into a docking station, such as

may be used by notebook computers or built into a table or other surface

[0098] In accordance with an embodiment, a mobile device can include a receiver

that includes one or more coils or wires to receive the power from the mobile device charger

] 5 or power supply As described in further detail below, the receiver can be made part of the

battery in the mobile device or of the shell of the mobile device. When it is part of the mobile

device shell, the receiver can be part of the inside surface of the mobile device shell or of the

outside surface of the mobile device shell. The receiver can be connected to the power input

jack of the mobile device or can bypass the input jack and be directly connected to the

0 battery or charge management circuit inside the mobile device. In any of these

configurations, the receiver includes one or more appropriate coil or wire geometries that can

receive power from the mobile device charger or power suppiy when it is placed adjacent to

the mobile device charger or power supply. In accordance with an embodiment, the coils in

the mobile device charger or power suppiy and/or the coils in the mobile devices or battery

5 can be printed circuit board (PCB) coils, and the PCB coils can be placed in one or more

layers of PCB.

[0099] In some embodiments, the charger or power supply can also itself be built into

a mobile device or battery. For example, a laptop computer or other portable or mobile

device can incorporate a charger or power supply section so that other mobile devices can

0 be charged or powered as described above. Alternatively, using the same set of coils or

wires, or a separate set of coils or wires, any mobile device or battery can itself be used as

an inductive charger or power suppiy to power or charge other mobile devices or batteries.

[00100] In accordance with an embodiment, the mobile device charger/power supply

or pad, and the various mobile devices or batteries, can communicate with each other to

5 transfer data. In one embodiment, the coils in the mobile device charger/ power suppiy that

are used for powering or charging the mobile device, or another set of coils in the same PCB
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layer or in a separate layer, can be used for data transfer between the mobile device

charger/power supply and the mobile device to be charged or powered or the battery directly.

Techniques employed in radio and network communication, such as radio frequency

identification (RFID), Bluetooth, WiFi, Wireless US8 : or others can be used, In one

embodiment a chip connected to an antenna {for example, the receiver coil or separate data

antenna) or another means of transfer of information can be used to provide information

about, for example, the presence of the mobile device or battery, its authenticity (for example

its manufacturer code) and the devices' charging/power requirements (such as its required

voltage, battery capacity, and charge algorithm profile).

[00101] In accordance with an embodiment, a typical sequence for charger/power

supply operation is as follows:

• The mobile device charger or power supply can be in a low power status normally,

thus minimizing power usage,

• Periodically, each of the coils (or a separate data coil in another PCB layer) is

powered up in rotation with a short signal such as a short radiofrequency (RF) signal that can

activate a signal receiver n the receiver such as an RF ID tag or a circuitry connected to the

receiver coil.

• The mobile device charger/power supply then tries to identify a return signal from any

mobile device, battery (or any receiver) that may be nearby.

• Once a mobile device, or battery (or a receiver) is detected, the mobile device

charger or power supply and the mobile device or battery to proceed to exchange

information.

• This information can inciude a unique ID code that can verify the authenticity and

manufacturer of the charger or power supply and mobile device or battery, the voltage

requirements of the battery or the mobile device, and the capacity of the battery. For security

purposes or to avoid counterfeit device or pad manufacture, such information can be

encrypted, as is common in some RFiD tags or other verification systems.

[00102] In accordance with various embodiments, other protocols such as Near Field

Communications (NFC) or Felica can be used, wherein the circuitry containing the ID and the

necessary information is powered either by the mobile device or battery or remotely by the

mobile device charger or power supply. Depending on the particular implementation needs,

Bluetooth, WSFi Wireless USB, and other information transfer processes can be used.

Additional information regarding the charging profile for the battery can also be exchanged

and can include parameters that are used in a pre-programmed charge profile stored in the

mobile device or battery charger. However, the information exchanged can be as simple as

an acknowledge signal that shows the mobile device charger that a mobile device or
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rechargeable battery is present. The charger or power supply can also contain means for

detection and comparison of the strength of the signal over different locations on the charger

or power supply fn this way, it can determine the location of the mobile device or battery on

the charger o r power supply, and then proceed to activate the appropriate region for charging

or powering,

[00103] In some embodiments that require greater simplicity, no communication need

take place between the mobile device charger or power supply and the mobiie device or

battery. In some embodiments the mobile device charger or power supply can sense the

mobile device or battery by detecting a change in the conditions of a resonant circuit in the

mobile device charger o r power supply when the mobile device or battery is brought nearby.

In other embodiments the mobile device or battery can be sensed by means of a number of

proximity sensors such as capacitance, weight, magnetic, optical, or other sensors that

determine the presence of a mobile device or battery near a coil in the mobile device or

battery charger o r power supply. Once a mobile device or battery is sensed near a primary

coil or section of the mobile device or battery charger o r power supply, the mobile device

charger o r power supply can then activate that primary coiS or section to provide power to the

receiver coil in the mobile device's battery, shell, receiver module, battery, or the device

itself.

Inductive Charging Circuit

[00104] Each mobile device and its battery has particular characteristics (voltage,

capacity, etc). Sn order to facilitate these different devices or batteries with a single universal

mobiie device charger or power supply, several circuit architectures are possible, some of

which &r& described in further detail below.

[0010S] Figure 2 shows the main components of a typical inductive power transfer

system 110. The circuit illustrated is used to illustrate the principle of inductive power

transfer and is not meant to be limiting to an embodiment in accordance with an

embodiment, the charger 112 comprises a power source 118, and a switch T 126 (which can

be a MOSFET or other switching mechanism) that is switched at an appropriate frequency to

generate an AC voltage across the primary coil Lp 116 and generate an AC magnetic field.

This field in turn generates a voltage in the coil 120 in the receiver 114 that is rectified and

then smoothed by a capacitor to provide power 122 to a load Ri 124 For ease of use, a

receiver can be integrated with a mobile device, such as integrated inside the mobile device

or attached to the surface of the mobile device during manufacture, to enable the device to

receive power inductively from a mobile device charger o r integrated into, or on its battery.
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[00106] In accordance with an embodiment, the circuit shown in Figure 2 can receive

energy fed to it from a power source, store the energy alternately in the inductor and the

timing capacitor (much like a tank stores liquid), and subsequently produce an output as a

continuous alternating current (AC) wave As the voltage is applied to the primary side, the

tank circuit supplies the energy to the receiver. One of the benefits of such a design is that

the timing capacitor in the circuit can be easily replaced. For example, if a relatively higher

value for capacitance (referred to in some instances as a timing capacitance) is used, then

the frequency of operation is lowered. This increases the on-time for the circuit, and provides

longer power transfer and current through the transformer, and thus more power. As such a

higher vaiυe of capacitance can be used for high power applications. Conversely, if a

relatively lower value for capacitance is used, then the frequency of operation is increased.

This reduces the on-time and provides less power transfer and current through the

transformer, and thus less power. Thus, a Sower value of capacitance can be used for low

power applications. Replacing the timing capacitance can be easily handled during

manufacturing to tune the power requirement on a macro level, i.e. to get the output into an

appropriate range for the chosen application. Additional techniques can then be used to set

the voltage output on a more accurate basis.

[00107] The mobile device or its battery typically can include additional rectifier(s) and

capacitor(s) to change the AC induced voltage to a DC voitage. This is then fed to a

regulator/charge management chip which includes the appropriate information for the battery

and/ or the mobile device. The mobile device charger provides power and the regulation is

provided by the mobile device. The mobile device or battery charger or power supply, after

exchanging information with the mobile device or battery, determines the appropriate

charging/powering conditions to the mobile device. It then proceeds to power the mobile

device with the appropriate parameters required. For example, to set the mobile device

voltage to the right value required, the value of the voltage to the mobile device charger can

be set. Alternatively, the duty cycle of the charger switching circuit or its frequency can be

changed to modify the voitage in the mobile device or battery. Alternatively, a combination of

the above two approaches can be followed, wherein regulation is partially provided by the

charger or power supply, and partially by the circuitry in the receiver.

Inductive Charger Pad

[00108] To allow the operation of the mobile device or battery charger or power supply

regardless of position of the mobile device or battery, the total area of the mobile device or

battery charger or power supply can be covered by coils or by another wire geometry that

creates magnetic field.
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[00109] Figure 3 shows a charging pad using multiple coils in accordance with an

embodiment As shown in Figure 3, in accordance with an embodiment the pad 140 is

largely covered with individual receiver coils 144.

[00110] Figure 4 shows a charging pad using multiple overiapping coil layers in

5 accordance with an embodiment. This embodiment addresses the problem of voids between

the multiple coils. As shown in Figure 4 any areas of the pad 150 with minimal magnetic

field between a first set of coils 152 can be filled by a second set of coils 154, so that the

coils are tiled such that the centers of this coi! array fill the voids in the primary set. This

second set can be at a different layer of the same PCB, or in a different PCB. In each of

JO these geometries, the sensing circuitry can probe each location of a coil in a raster,

predetermined, or random fashion. Once a mobile device or battery on or near a coil is

detected, that coi! is activated to provide power to the receiving unit receiver of the

appropriate device.

£00111] It can be seen from the above example that by providing more layers of the

J5 PCB with coils, or by providing coils of different geometry or size, one can obtain as much

resolution or coverage as desired.

[00112] In accordance with an embodiment, to power mobile devices or batteries with

power requirements that exceed maximum powers attainable by typical coils in a surface, the

mobile device or battery, during its hand shake and verification process can indicate its

0 power/voltage requirements to the mobile device or battery charger or power supply. Several

geometries for achieving power/voltage levels otherwise not attainabSe from a single primary

coil of the mobile device or battery charger or power supply are possible.

[00113] In accordance with one embodiment of the system geometry, the power

receiving unit of the mobile device or battery has several coils or receiving units that are

5 connected such that the power from several primary coils or sets of wires of the mobile

device or battery charger or power supply can add to produce a higher total power. For

example, if each primary coi! is capable of outpuiting a maximum of 10 Watts, by using six

primary coils and six receiver coils, a total output power of 60 Watts can be achieved. The

number of primary and receiver coils need not be the same, and a large receiver coil

0 (receiving unit) that s abie to capture the majority of magnetic flux produced by 6 or other

number of primary coils or a large primary coil powering six or another number of receiver

coils can achieve the same effect. The size and shape of the multiple primary coils and

receiver coils also do not ne to be the same. Furthermore, neither set of primary and

receiver coils ά to be in the same plane or PCB layer. For example, the primary coils in

5 the examples shown above can be dispersed such that some lay on one PCB plane and the

others in another plane.
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[00114] In accordance with another geometry, the PCB of the mobile device or battery

charger or power supply has multiple layers, wherein coiis or wire patterns of certain size and

power range can be printed on one or more layers and other layers can contain coiis or wire

patterns of larger or smaller size and power capability, In this way, for example, for iow

power devices, a primary from one of the layers will provide power to the mobile device or

battery, if a device or battery with higher power requirements is placed on the pad, the

mobiie device or battery charger or power supply can detect its power requirements and

activate a larger coil or wire pattern with higher power capabilities or a coil or wire pattern

that s connected to higher power circuitry. One may also achieve similar results by using a

combination of the different processes and geometries described above.

[00115] Figure 5 shows the use of multiple coil types and sizes in overlapping pad

layers in accordance with an embodiment As shown in Figure 5, the mobile device or

battery charger or power supply or pad 160 can comprise two overiapping layers with a first

layer 162 containing low power coils, and a second layer 164 containing high power coils.

Jnductive Charging Receiver

[00116] As described above, the inductive charging or power suppiy pad is used to

power a receiver, which in turn is used to power or to charge a portable or mobile device or

battery in accordance with one embodiment of the receiver, the power from the mobile

device or battery charger or power supply is emitted at a magnitude that is sufficient to power

any foreseeable mobile device or battery (such as 5 VV or 10 VV for small mobile devices or

batteries). The receiver that is appropriate for each mobile device or battery has a power

receiving part that when matched to the mobile device or battery charger or power supply is

able to receive sufficient power for the mobiie device or battery. For example a receiver for a

mobile phone requiring 2.5 W can be a coil with certain diameter, number of turns, wire

width, etc. to allow receipt of the appropriate power. The power is rectified, filtered, and then

fed into the battery or power Jack of the device. As discussed above, a regulator or charge

management circuit can be used before the power is provided to the battery or the mobile

device.

[00117] To save energy, the power emitted by the mobiie device or battery charger or

power suppiy can be regulated. It is desirable to regulate the power emitted by the charger

or power supply because if the charger or power supply is emitting 10 W of power and the

receiver is designed to receive 5 W. the rest of the emitted power is wasted, In one

embodiment, the receiver or the mobile device can, through an electrical (such as RF),

mechanicai, or optica! method, inform the charger or power supply about the voltage/current

characteristics of the device or battery. The primary of the charger or power supply in the
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circuit diagrams shown above then can be driven to create the appropriate voltage/current in

the receiver. For exampie, the duty cycle of the switch in that circuit can be programmed with

a microprocessor to be changed to provide the appropriate levels in the receiver.

[00118] In accordance with an embodiment, the programming can be performed by a

look up table in a memory location connected to a microprocessor or by using an algorithm

pre-programmed into the microprocessor. Alternatively, the frequency of the switch can be

changed to move the circuit into, and out of, resonance to create the appropriate voltage in

the receiver. In an alternate geometry, the voltage into the circuitry in the primary can be

changed to vary the voltage output from the receiver. Furthermore, the induced

voltage/current in the mobile device can be sensed and communicated to the charger to form

a closed-loop, and the duty cycle, frequency, and/or voltage of the switch can be adjusted to

achieve the desired voltage/current in the mobile device.

[00119] In accordance with an embodiment, the receiver is built onto or into the battery

for the mobile device. The receiver can include one or more coils or wires shaped to receive

power from the charger or power supply. The one or more coils or wires can be either

printed on one or more PCBs, or formed from regular wires. As described above, the

receiver can also contain rectifier(s) and capacitor(s) to produce a cleaner DC voltage. This

output can be directly, or through a current limiting resistor, connected to one of the contacts

on the battery. To avoid overcharging the battery, a battery regulator or charge management

chip can also be used. This circuit then measures the various parameters of the battery

(voltage, degree of charging, temperature, etc.) and uses an internal program to regulate the

power drawn from the circuit to ensure over-charging does not occur. The circuit can also

include LEDs to show the receiver being in the presence of a magnetic field from the charger,

complete charge LEDs and/or audible signals.

[00120] In typical commercial and end-user applications, such as in ceil phones,

PDAs, and MP3 players, the battery can be incorporated into the battery pack or the device

by the original equipment manufacturer (OEM), or as an after-market size and shape

compatible battery pack that can replace the original battery pack. The battery compartment

in these applications is typically at the bottom of the device. The user can open the battery

compartment, take out the conventional battery, replace it with a modified battery in

accordance with an embodiment, and then replace the battery lid. The battery can then be

charged inductively when the mobile device is placed adjacent a mobile device charger.

[00121] To enhance the ability of the receiver to receive power, it may be desirable to

minimize the distance between the charger's primary coil and the receiver's coil or wire. In

order to achieve this, in accordance with an embodiment the receiver's coil or wire can be put

on the outside of the battery pack.
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[00122] Figure 6 shows a battery with an integrated receiver in accordance with an

embod iment As shown in Figure 6 , the receiver 170 comprises the battery 182, together

with the receiver coil 172, and any rectifiers 174, capacitors 178, regulators or charge

management chips 180 necessary for proper operation of the charging receiver, if the

battery compartment Sid of the device prevents a power receiving light emitting diode (LED) to

be seen, the lid can itself be repiaced with a see-through Sid or a lid with a Sight pipe that will

aSSow the user to see the charging indicator LED when the mobiie device is piaced adjacent

to the charger.

[00123] In an alternative embodiment, the receiver battery can include a mechanical,

magnetic, or optical method of alignment of the coils or wires of the charger and mobile

device for optimum power transfer. In accordance with an embodiment, the center of the

primary in the charger contains a magnet such as a cyiinder or disk o r ring with the poies

para ei to the charger surface and the magnetic field perpendicular to the charger surface.

The receiver aiso contains a magnet or magnetic metal part of a similar or different shape

behind or in front of the coil or wire receivers. When the mobile device o r battery is placed

on o r adjacent to the charger or power supply, the magnets attract and pull the two parts into

alignment with the centers of the two coils or wires aligned. The magnets do not need to be

especiaily strong to actively do this. Weaker magnets can provide guidance to the user's

hand and largely achieve the intended results. Alternatively, audible, o r visual signs (for

exam pie an LED that gets brighter as the parts are cioser aiigned), or mechanical means

(dimples, protrusions, etc.) can be used for alignment.

[00124] In accordance with another embodiment, the coil or wires and the magnet in

the charger or power supply are mechanicaiiy attached to the body of the charger o r power

supply such that the coil can move to aϋgn itself appropriateiy with the mobile device or

battery when it is brought into close proximity to the charger or power supply. In this way, an

automatic alignment of coils or wire patterns can be achieved.

[0012S] In another embodiment, the receiver electronics described above are

preferably made from flexible PCB which can be formed into a curved shape. Such a PCS

can be placed on the surface of a battery pack, including one that is not flat, or that has a

curved shape. The curve on the battery or back of a mobile device battery lid can be

matched to a curved primary in the mobile device or battery charger or power supply and be

used for alignment. One example of usage of this embodiment can be for example

flashlights that have circular handles: the batteries can be charged with coils on the side of

circular batteries, or circling the cylindrical battery. Similarly, the mobile device or battery

charger or power supply can have a curved shape. For example, the charger o r power suppiy

surface can be in the shape of a bowl or some similar object. A mobile device or battery that
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may have a fiat or curved back can be placed info the bow!. The shape of the bowl can be

made to ensure that the coil of the mobile device or battery is aligned with a primary coil to

receive power.

[00126] In another embodiment, the primary can be incorporated into a shape such as

5 a cup A mobiie device can be placed into the cup standing on end and the receiver can be

built-in to the end of the mobile device (such as a mobile phone) or battery or on the back or

circumference of the device or battery. The receiver can receive power from the bottom or

wall of the cup.

[00127] In another embodiment, the primary of the charger can have a flat shape and

J0 the mobile devices or battery can be stood up to receive power. The receiver is built into the

end of the device or battery in this case and a stand or some mechanical means can be

incorporated to hold the device or battery while being charged.

[00128] In another embodiment, the charger or power supply can be made to be

mounted on a waii or a similar surface, vertically or at an angle (such as on a surface in a

J5 car), so as to save space. The charger or power supply can incorporate physical features,

magnets, fasteners or the like to enable attachment or holding of mobiie devices to be

charged. The devices or batteries to be charged or powered can also incorporate a retainer,

magnet, or physica! shape to enable them to stay on the charger or power supply in a

vertical slanted, or some other position. In this way, the device or battery can be charged or

0 powered by the primary while it is near or on it.

[00129] For those applications where the iid of the battery compartment or the bottom

part of the mobile device is made from a metal, a replacement non-metallic lid or backing can

be used. Alternatively, the coii can be attached to the outside of the metal surface. This

allows electromagnetic (EM) fields to arrive at the power receiver coil or wires. The rest of

5 the receiver (i.e. circuitry) can be placed behind a metal for the receiver to work. In some

other applications where the battery has metal parts, these parts may interfere with the EM

field and the operation of the coil in the receiver. In these cases, it may be desirable to

provide a distance between the metai in the battery and the coils. This can be done with a

thicker PCB or battery top surface. Alternatively, to provide additional immunity, ferrite

0 material (such as those provided by Fβrrishieid Inc.) can be used between the receiver and

the battery to shield the battery or device from the EIvI fields. These materials can be made

so as to be thin, and then used during the construction of the integrated battery/receiver.

[00130] In accordance with another embodiment, the receiver in the battery or mobile

device also includes a means for providing information regarding battery manufacturer,

5 required voltage, capacity; current, charge status, serial number, temperature, etc. to the

charger. In a simplified embodiment, only the manufacturer, required voltage, and/or seria!
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number is transmitted. This information is used by the charger or power supply to adjust the

primary to provide the correct charge or power conditions. The regulator or charge

management chip in the receiver can then regulate the current and the load to charge the

battery correctly and can end charge at the end. In another embodiment, the receiver can

control the charging process fuify depending on the time dependent information on battery

status provided to it. Alternatively, the charging process can be controlled by the charger in a

similar manner, As described above, the information exchange between the charger and the

receiver can be through an RF link or an optica! transmitter/ detector, RFID techniques,

Near-Field Communication (NFC), Feiica, Bluetooth, WFi, or some other method of

information transfer. Similarly, the receiver can send signals that can be used by the charger

to determine the location of the receiver to determine which coil or section of the charger or

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

antenna for data transfer or use a separate antenna. In some embodiments the received can

use the actual capabilities of the mobile device (for example, the built-in Bluetooth or NFC

capabilities of mobile phones) to communicated with the charging or power supply pad.

[00131] As described above, in accordance with some embodiments the receiver can

be integrated into the body of the device or battery itself at a location that may be appropriate

and can be exposed to EIvI radiation from outside. The output of the receiver can be routed

to the electrodes of the battery internally inside the device and appropriate circuitry inside the

device can sense and regulate the power. The device can include LEDs, messages, etc or

audible signs that indicate to the user that charging is occurring or complete or indicate the

strength of the received power (i.e. alignment with a primary in the charger) or the degree of

battery charge. In other embodiments, the receiver is built into an inner or outer surface of a

component that is a part of the mobile device or battery's outer surface where it is ciosest to

the charger. This can be done as original equipment or as an after-market item. The

component can be the lid of the battery pack or the bottom cover of the mobile device. In yet

other embodiments, the receiver can be integrated into the back or front of the battery

compartment or an interchangeable shell for the mobile device for use in after-market

applications. For example, in a mobile phone application, the back battery cover or shell can

be removed and replaced with the new shell or battery cover with the receiver built in.

[00132] Figure 7 shows a coupling of receiver with a device to be charged or powered

in accordance with an embodiment. As shown in Figure 7, the original mobile phone setup

190 includes a device 192 with sheii 194 and power jack 196. The after-market modification

200 replaces the original shell with a combination shell 210 that includes the necessary

receiver coiis and battery couplings. The contacts from this circuitry can then make direct

contact to the battery electrodes inside the mobile device or to some contact points inside the
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mobile device if such contacts exist o r become provisioned by the device manufacturer

during manufacture. Alternatively, the receiver may be a component (such as a shell) that

has a connector that plugs into the input power jack of the mobile phone or electrodes of a

battery. The receiver can be fixed to, or detachable from, the mobile device or battery. This

can be achieved by having a plug that is attached either rigidly or by a wire to the receiver

(shell). Alternatively, the replacement receiver (shei!) can be Sargβr than the original sheSI

and extend back further than the original shell and contain the plug so that when the receiver

(shell) is attached, simultaneously, contact to the input power jack is made. Alternatively, the

receiver (shell) can have a pass-through plug so that while contact is made to this input

power connector, the connector allows for an external regular power supply plug to be also

used as &n alternative. Alternatively, instead of a pass-through, this part can include a power

jack in another location in the back so that a regular power supply can be used to charge the

battery. In cases where the connector to the device performs other functions such as

communication to the device, a pass-through connector can allow communication/

connectivity to the device.

[00133] In accordance with another embodiment, the replacement receiver (i.e. the

replacement shell) or the plug in unit, in addition to the power receiver components and

circuitry, can include additional circuitry that can provide further functionalities to the mobile

device. These can include, for example, the ability to exchange data through Bluetooth,

WSFi, NFC Felica, vViMax, RFID, or another wireless or optical mechanism it can also

provide extended functionalities such as Globai Positioning System (GPS) location

information, flashing lights, flashlight, or other decorative or electronic functions A s

described above, various methods for improving coil alignment, or location, battery

manufacturer, or battery condition information transfer can also be integrated into the

receiver or replacement shell.

[00134] In another embodiment, the receiver is supplied in the form of a separate unit

that is attached to the input jack of the mobile device or battery or integrated into a receiver

protective skin for the mobile device. Many leather or plastic covers for mobile phones,

cameras, and MP3 players already exist. The primary purpose of these covers is to protect

the device from mechanical scratches, shocks, and impact during daily use. However, they

typically have a mere decorative or advertising application, in accordance with one

embodiment, the receiver is formed of a thin PCB with the electronics formed thereon, and

the receiver coil o r wire that is attached to the back of the device and plugs into the input jack

similar to the shell described above. Alternatively, it can be connected through a flexible wire

or flexible circuit board that is routed to a plug for the input power jack.
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[00135] In accordance with another embodiment, the receiver can be a separate part

that gets plugged into the input jack during charging and is piaced on the charger and can

then be unplugged after charging is finished.

[00136] In another embodiment, the receiver is built in the inside or outside surface or

in between two iayers of a plastic, leather, silicone, or cloth cover for the mobile device and

piugs in or makes contact to the contact points on the device.

[00137] It will be noted that certain devices such as notebooks and some music

piayers have metal bottom surfaces. The methods described above for changing the back

surface or use of a plug in the mobile device or a secondary skin with an integrated receiver

is particularly useful for these applications. As described previously, the effect of the metal

surface can aiso be minimized, if necessary, by increasing the distance between the wires of

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

the metal bottom.

[00128] It is aiso noted that the use of methods such as curving the receiver or

integrating magnets, LEDs, audio signals or messages, etc. for alignment, or methods for

location, manufacturer or charging condition identification, as described above are possible

with ail embodiments of an embodiment described above. In any of the above cases, the

charger or power supply can contain lights, LEDs, displays, or audio signals or messages to

help guide the user to piace the mobile device or battery on a primary coil for maximum

reception, to show charging is occurring, and to show the device is fully charged. Displays to

show how full the battery is or other information can also be incorporated.

Ftextble/Modufar Charging Pad

[00129] In accordance with an embodiment a flexible mobile device charger or power

supply is provided in the shape of a pad that can be folded or rolled up for carrying, in one

impiementation of an embodiment, the eiectronics of the charger or power supply are placed

on a thin flexible PCB or the coils are made of wires that can be rolled up or shaped. The

electronics components made of silicon chips, capacitors, resistors and the like may not be

flexible but take up very iittie space. These rigid components can be mounted on a flexible

or rigid circuit board, while the main section of the pad containing the coils or wires for energy

transfer can be made to be flexible to allow conformity to a surface or to be roiled up. Thus

the pad resembles a thin mouse pad or the like.

[00130] In some cases, it may be advantageous to the user to have a mobile device

charger or power supply that is extendibie in functionalities. The cases include but are not

limited to:

A user may purchase a mobile device or battery charger or power supply for charging or
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powering a single low power device or battery but, at a later stage, may want to extend the

capability to charge or power more devices or batteries simultaneousiy.

• A user may purchase a mobile device or battery charger or power supply for charging or

supplying power to one or more low power devices or batteries but may want to charge or

supply power to more low power or high power devices or batteries.

• A user may buy a mobile device or battery charger or power supply that can charge or supply

power to one or more low-power or high-power devices or batteries and later wish to have

the communication or local storage, or a rechargeable battery, or means of power generation

such as solar panels or some other capability, added to the charger or power supply.

[00131] In all of the cases above and others, it can be useful to have a modular

approach to expand the capabilities of the mobile device or battery charger or power supply

[00132] Figure 8 shows a pad 220 in accordance with an embodiment that allows for

modular or multiple connectivity. In this case, the user can purchase a first unit 222 that is

powered by an electric outlet 224. However, interconnects 226 for power and data are

provided so that additional units 228, 230 can simply fit or plug into this first one directly or

indirectly and expand the capabilities as the customer's needs grow. Data communications

and storage units 234 can also be attached in a modular fashion. This approach would

enable the customer to use the technology at a low cost entry point and grow his/her

capabilities over time.

[00133] Some of the electronics devices that can benefit from these methods include:

mobile phones, cordless phones, personal data assistants (PDAs), pagers, walkie-talkies,

other mobile communication devices, mobile electronic mail devices. Blackberry's, MP3

players, CD players, DVD players, game consoles, headsets, Bluetooth headsets, hearing

aids, head-mounted displays, GPS units, flashlights, watches, cassette players, laptops,

electronic address books, handheld scanning devices, toys, electronic books, still cameras,

video cameras, film cameras, portable printers, portable projection systems, IR viewers,

underwater cameras or any waterproof device, toothbrushes, shavers, medical equipment,

scientific equipment, dental equipment, military equipment, coffee mugs, kitchen appliances,

cooking pots and pans, lamps or any battery, DC, or AC operated device

[00134] In addition, inductive power transfer can provide power to devices that are not

so far battery operated. For example, a mobile device charger or power supply in the shape

of a pad placed on a desk or a kitchen table can be used to power lamps or kitchen

appliances. In one embodiment for the use in a kitchen, a flat charger, or power supply such

as a pad, placed on or built into a counter can allow the chef to place devices on the charger

or power supply to be inductively charged or powered during use and simply place them
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away after use. The devices can be, for example, a blender, mixer, can opener, or even pot,

pan, or heater. This can eliminate the need for a separate cooking and work area. It will be

noted that placement of a metal pan close to the inductive pad can directly heat the pan and

the contents while keeping the charger or power supply surface cool. Due to this reason,

inductive kitchen ranges have been commercialized and shown to be more efficient than the

electric ranges that work by resistive heating of a coil.

[00135] In another embodiment, rather than direct heating of metal pans by nearby

inductive fields, cooking pans may include a receiver and heating or even cooling elements.

Once placed on a charger, the pan wiil heat up or cool down as desired by a dial or the like

on the pan allowing precise temperature control of the pan and the contents,

[00136] Similarly, in an office or work area setting, if a charger or power supply is

readily available for charging or powering mobile devices or batteries, if can also be used to

power up lamps for illumination of the desk or used to power or charge office appliances,

such as fax machines, staplers, copiers, scanners, telephones, and computers. In one

embodiment, the receiver can be built into the bottom of a table lamp and the received power

is used to power the incandescent or LED lamp.

[00137] In another embodiment, a mug, cup, glass, or other eating appliance such as

a plate can be fitted with a receiver at its bottom. The received power can be used to heat

the mug, etc. with a heating coil thus keeping beverages or food warm to any degree

desired. Furthermore, in accordance with an embodiment, by use of devices such as

thermoelectric coolers the contents can be cooled or heated as desired.

[00138] Similarly, many children's toys often run out of battery power due to extended

use or simple forgetfulness to turn the device off. Often these batteries are included inside a

battery compartment that for safety reasons can only be opened by a screwdriver. Inclusion

of the receiver into toys or batteries inside can reduce the need to change the device

batteries and allow recharging with a much simpler method.

[00139] In another implementation, the receiver can be built into medical devices or

their batteries that are implanted or inserted in the body. Since batteries in these devices

such as pace makers, cochlear implants, hearing aids, or other monitoring devices may need

periodic charging, inductive power transfer can provide an ideal non-contact method for

charging and testing the performance of the devices (i.e. check up) or downloading data that

the devices have logged.

[00140] In another implementation, some active RFID tags include batteries that can

send out information about the status or location of a package or shipment. An inexpensive

method for charging these tags is to include a receiver with each tag. Thus, a charger can be

used to power or charge these RFID tags.
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[00141] It will be noted that the effective working distance of the inductive charger is

dependent on the power and the frequency of the source and the size and geometry of the

coil. By increasing the frequency to several or tens of MHz, one can obtain a working

distance of several inches or feet depending on the application for the technology, it will also

be noted that any of the above embodiments that eliminate the input power jack are

especiaiiy important because they add to product reliabiiity by removing a source of

mechanicai or environmental failure. In addition, elimination of the jack is imperative for water

proof appiications and for extra safety.

Efficiency Enhancements through Coi! Circuit

[00142] In accordance with an embodiment, in order for the power efficiency to be

maximized and to minimize iosses in the coil, the coiis should be manufactured to have as

low a resistance as possible. This can be achieved by use of more conductive materiai such

as gold, silver, etc. However the costs of these materials are sometimes prohibitive. Sn

practice, reduced resistivity can be obtained by using thicker copper-clad PCBs or wider

tracks. Most common PCBs use 1-2 02 copper PCBs. in accordance with some

embodiments the coii PCB used for the wireless charger can be made from PCBs clad with

between 2 and 4 , or even 6 oz copper. The process of manufacture of the PCB can also be

optimized to achieve higher conductivity. For example, sputtered copper has a higher

conductivity than rolled copper and is typically better for this appiication. In operation, the

coil and the circuitry demonstrate a resonance at a frequency determined by the parameters

of the design of the coil {for example, the number of windings, coii thickness, width, etc.).

Previous work has concentrated on circuits driven by square waves with a OSFET This

approach has the disadvantage that since a square wave is not a pure sinusoid, it produces

harmonics. These harmonics are undesirable because;

• The PCB coii produces optimum power transfer efficiency at a particuiar frequency.

The harmonics in the primary signal are not transferred as efficiently and decrease the

overall system eff iciency

• The rapid voltage change in the leading and falling edge of the square wave creates

osciiiations that create further harmonics resulting further EMI.

• The harmonics radiated by the primary create higher frequency components that

contribute to the EMI that is more radiative (due to higher frequency). It is desirabie to limit

the frequency range of the operation of the overall system to as Sow a frequency as possible

while maintaining the other requirements of the system (such as sufficient working distance,

etc.), so these harmonics must be avoided.

• At the instance of switch turn-on and turn-off, the change in the in-rush current to the
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coi! causes huge voltage swings across the coil for a short period of time. Ail the power is

transferred to the receiver during these times that e short.

[00143] Previous attempts to achieve 90% transfer efficiency with PCB coil primary

and receiver have used a laboratory power supply to drive thetr circuit. Whtie this approach

has demonstrated the higher efficiency that can be achieved with a sinusoidal voltage on the

coiL such power supplies are complex, costly, and too large to be able to be used for any

practical charger application, Sn accordance with an embodiment, a capacitor is added in

para ei to the drain/source contacts of the MOSFET.

[00144] Figure 9 shows a figure of a circuit diagram 240 in accordance with an

embodiment. The coil in the wireless charger system is driven by switching the FET at the

resonance frequency of the circuit when the receiver is present. Without the receiver nearby,

the circuit is detuned from resonance and radiates minimal EML The capacitor 244 acts as a

reservoir of energy that discharges during switch off time and enhances energy transfer. As

with the exampies described above, changing the value of the capacitance allows for tuning

the power and efficiency levels on a lower-power/ high-power basis, and additional features

and techniques can be used to fine tune the power output for particular devices.

[00145] The circuit designs illustrated in Figure 2 and Figure 9 use a zero-crossing

power supply. Briefly, in a zero-crossing power supply, when the transistor in the primary coil

is first turned on, electrical current passes through the primary coil and the transistor to

ground. When the transistor is then turned off, the voltage level at the transistor swings high

(for example, if the input voltage is 5V then the voltage level may swing to 10V, or even

100V) A non-zero-crossing circuit allows the current to drop to zero, before the cycle is

restarted. A forward mode circuit can then use an inductor in series with the load to revive

the current and charge up the inductor, while a diode allows charging in both directions

(when full phase AC is used),

[00146] In a traditional transformer design, zero-crossing is not used, since it

invariably results in lower efficiency compared to non-zero designs, at least with higher

power or ferrite cores. This is primarily because the traditional ferrite cores act as capacitors

and store energy, which in turn reduces the circuit efficiency. As described above, in

accordance with an embodiment, when a non ferrite coil there is no magnetic flux, so the

efficiency is not affected to the same extent.

[00147] Furthermore, since the system does not use a ferrite or ferromagnetic core,

the overall size and weight of the device can be reduced, in accordance with some

embodiments the coil can be formed on a printed circuit board (PCB), with no heavy ferrite

coils, no soldering and no wiring to the coils in accordance with some embodiments there is
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no need for a magnetic core in the secondary in the receiver. Since magnetic cores are

usually iarge and heavy this results in considerable size savings

[00148] By way of example, in accordance with an embodiment that uses an

SRFR0220 chip as a FET and use 4 oz copper cotls with 9 turns and 1,25" diameter, the

circuit in Figure 2 above, can be loaded with RL of 10 Ohm and tuned to operate at 1.3 MHz.

With matching coils in the primary and secondary in the receiver, without capacitor C totai

circuit efficiency of the circuit inciuding the dock and FET driver circuit approaches 48%.

Addition of a 1600 pF capacitor in parallel to the FET increases the total circuit efficiency to

75% (a better than 50% increase in efficiency), while simultaneously decreasing the voltage

across the FET and also the harmonics in the circuit. The coil to coil transfer efficiency with

the capacitor piaced in parallel with the FET is estimated to be approximately 90%. The

advantages of this approach include:

• High efficiency (-90% coi! to coil).

• Low ringing oscillation and EML

• Simplicity and low cost.

• Lower FET source-drain voltage swing allowing use of a larger selection of FETs.

[00149] In many applications, it is also desired that the pad and the receiver are

arranged so that the pad does not emit power unless the receiver is nearby.

[00150] Figure 10 and Figure 11 show circuit diagrams in accordance with an

embodiment In addition to high efficiency, one method that is required for minimizing EMI

and maintaining high overall efficiency is the ability to recognize the presence of a receiver

nearby, and then turning on the pad only when appropriate. Two methods for this a

described below.

[00151] As shown in Figure 10, in accordance with one embodiment, the pad circuit

260 incorporates a micro control unit (MCU1) 266 that can enable or disable the FET driver

268 The MCU1 receives input from another sensor mechanism that will provide information

that it can then use to decide whether a device is nearby, what voltage the device requires,

and/or to authenticate the device to be charged or powered.

[00152] One of the sensor mechanisms for this information are through the use of an

RFID reader 280 that can detect an RFID tag of circuit and antenna in the receiver (i.e.

device or battery to be charged or powered). The information on the tag can be detected to

identify the voltage in the receiver required and to authenticate the circuit to be genuine or

under license. The information on the tag can be encrypted to provide further security. Once

a device or battery containing the tag is nearby the pad, the RFiD reader can be activated,

can read the information on the tag memory, and compare with a table to determine

authenticity/voltage required or other info. This information table can aiso reside on the
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MCU 1 memory. Once the information is read and verified, the MCU 1 can enable the FET

driver to start driving the coi! on the pad and to energize the receiver.

[00153] In another embodiment the MCU1 reiies on a dock 270 to periodically start

the FET driver. The current through the FET driver is monitored through a current sensor

264. Severs! methods can be implemented with this implementation, including for example .

• A small resistor can be placed in series with the FET to ground contact. The voltage across

this resistor can be measured by a current sensor chip, such as a Linear Technology Current

Sense Amplifier part number LT1787.

• A Hall sensor, such as a Sentron CSA- 1A , that measures the current from a wire running

under it, can be placed on top of the PCB line from the FET to the ground to measure the

current without any electrical connection to the circuit. The advantage of this approach is

that no extra resistor in series with this portion of the circuit is necessary reducing the

impedance.

• Other techniques may be used to measure the current

A Hal! sensor or a Reed switch can sense a magnetic field. If a small magnet is placed

inside the receiver unit of the system, a Hail sensor or Reed switch can be used to sense

presence of the magnet and can be used as a signal to start the FET.

• Other capacitance, optical, magnetic, or weight, etc. sensors can be incorporated to sense

the presence of a secondary or receiver and to begin the energy transfer process.

[00154] Figure 11 shows a figure of a circuit diagram 290 in accordance with an

embodiment. In accordance with an embodiment, the MCU1 can periodically start the FET

driver if there is a receiver nearby, it can power the circuit. The regulator 296, or another

memory chip in the circuit can be programmed so that on power-up, it draws current in a

pre-programmed manner. An example is the integration of an RFiD transponder chip in the

path, such as ATMEL e5530 or another inexpensive microcontroller (shown here as MCU2

294), that upon power-up modulates the current in the receiver that can then be detected as

current modulation in the primary. As with the previous example, other sensors, such as an

RFID antenna 292 can also be used to provide positiona! and other information.

[00155] Figure 12 shows a figure of a power transfer chart 300 in accordance with an

embodiment, illustrating transferred power as a function of offset between coiSs.

Efficiency Enhancements n Coit Layout

[00156] A n important aspect of power transfer efficiency relates to the alignment of

coils with respect to each other.

[00157] Figure 13 and Figure 14 show figures of a coi! layout in accordance with an

embodiment. If position independence is required, the pad PCS can be patterned with a coi!
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pattern to cover the full area. Figure 13 shows a pad type charger or power supply 310

including a layer of coils 312 with minima! spacing 314 between the coils. Each coil has a

center 316 associated with it. In accordance with an embodiment, the power transfer for a

1.25" diameter coil as the center of the receiver is offset from the center of primary. The

power drops off to 25% of the maximum value when the two coils are offset by a coi! radius,

As described above, in order to better keep the coils aligned, use of magnets centered on the

primary and the receiver coii can provide an automatic method of bringing the two parts into

alignment.

[00158] In order to produce uniform fteids, a number of coiis around the receiver coil

will typically need to be turned on to produce a field. However, with such a pattern, if a

receiver coil is placed in between two primary coiis, the voltage is still not optimized.

Research has shown that to obtain uniform fields, three layers of coil patterns offset with

respect to each other are required.

[001 59] Figure 14 shows a pad-type charger 320 with two of the three layers 322, 324

required to achieve position independent magnetic field pattern. For a receiver placed at the

center of the circle, ai! the coils nearby (in and around the circle 328) wii! need to be turned

on to achieve a uniform field in the desired iocation 326. While this approach solves the

offset issue and can be used to provide position independence, it does not produce high

transfer efficiency. The reason is that ten or more coils have to be turned on near the

receiver center to create the uniform field in that area, which in turn leads to inefficient power

transfer.

Efficiency Enhancements through Independent Coil Movement

|00160] In accordance with some embodiments, techniques are included to provide

high transfer efficiency while maintaining position independence,

[00161] Figure 15 shows a figure of a charging pad with multiple coils in accordance

with an embodiment. The area of the pad 330 is divided into a plurality of, or multiple

segments 332, that are bounded 336 by a wali or physical barrier, or simply some tethering

means with no physical walls but that otherwise restrict movement to within the segment.

The coiis 334 are mounted such that they can move laterally, or float, within the area of their

segments while continuing to be connected to the drive electronics piaced on the edges of

the area. In accordance with an embodiment, the floating coils and the drive circuit are

sandwiched between thin upper and lower cover iayers that act to allow the coils lateral

movement while limiting vertical movement. When a receiver coil is placed on the pad, the

pad senses the position of the receiver coil and moves the coils to the right position to

optimize power transfer.
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[00162] Figure 16 shows a figure of a charging pad with movable coils in accordance

with an embodiment. When the mobtie device, for exampie a eel! phone 340, or a battery is

piacβd on the pad 330, the nearest coil moves 342 within its segment to better orient itseif

with the mobtie device or battery, In accordance with one embodiment, the method used for

achieving this is by attaching a magnet to the bottom center of each coil in the pad. A

matching magnet at the center of the receiver coi! attracts the primary magnet nearby and

centers it automatical Sy with respect to the receiver cos!.

[00183] In accordance with an embodiment, each coii in this configuration can be

suspended by the wires carrying power to the coil or by a separate wire/spring or by another

mechanism so that each coi! can move freely in the plane of the pad while it can receive

power from an individual or shared driving circuit. In order to facilitate movement, the surface

of the coiis or the bottom surface of the top iayer for the base unit (the area where the coils

move against) or both layers can be made smooth by use of a low friction materia!,

attachment of a low friction materia!, or lubrication. The wire/spring or current carrying

mechanism described above can also be used to center each coil in an area at the center of

desired movement sector for each coii. In this way, without a receiver coil in the vicinity,

each coii in the base unit stays at the central tøcation of its sector and responds and moves

to match a receiver coil when a device or battery is brought nearby. Overiap of movement

between adjacent charger or power suppiy coils can be controiied by means of iimiting

movement through iimiting iength of current carrying wires to the coil, arrangement of the

suspension, or spring, or piacement of dividing sectors, pillars or by any other mechanism.

[00184] in another embodiment, the pad wiii include a method for detecting the

presence of the mobile device, battery/receiver and taking appropriate action to turn on the

coil and/or to drive the coi! with the appropriate pattern to generate the required voitage in

the receiver. This can be achieved through incorporation of RFiD 1 proximity sensor, current

sensor, etc. A sequence of events to enable position independence and automatic pad

turn-on can be:

• MuStiple movable coiis are used to cover the pad surface area

• The coiis in the pad are normally off and periodically powered up sequentially to

sense whether the receiver is nearby by measuring the current through the primary coi!.

Alternatively, proximity sensors under each section can sense the presence of a magnet or

change in capacitance or other parameter to know where a device is piaced, RFiD

techniques with localized antennas under each section or such can aSso be used.

• Once a device is identified as piaced in a section, the pad can interrogate the device

through one of the processes described eariier to authenticate and to understand its

volfage/power, etc. requirements.
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* The MCU 1 unit uses the information received above to set the PVWl pattern which it

will use to drive the FET drive to produce the appropriate voltage in the receiver.

• The board continues to 'search' for other devices on the pad by scanning coifs or

using the RFID system, etc. and then turn on other coiSs as appropri ate

• The pad aiso uses monitoring to find out when and if the first mobile device is

removed from the pad, or when the end of charge is reached.

Efficiency Enhancements ϊn Coif Registration and Switching

[00165] In accordance with an embodiment, a globai RFID system that can identify the

approach of a mobile device to the pad can be used to 1Wa e up1 the board. This can be

followed by sequentia! poiiing of individual coiis to recognize where the device is piaced in a

manner similar to described above Other embodiments can be used to provide safeguards

against faise charging of objects placed on the base unit. t is known that a metal object

piaced on coils such as the ones in the base of the charger or power supply system wiii

cause current to flow in the primary and transfer power dissipated as heat to the metal object

in practicai situations, this will cause placement of keys and other metai objects on the base

unit to trigger a start and to neediessly draw current from the base unit cot! and possibly lead

to failure due to over-heating. To avoid this situation, in embodiments such as described

above, the switching of voitage to the coii wiil not start uniess an electronic device with a

verifiabie RFiD tag is nearby thereby triggering the sequence of events for recognizing the

appropriate coil to turn on and operate in an aiternate geometry, the total system current or

individual coii current is monitored, and, if a sudden unexpected drawn current is noticed,

measures to investigate further or to shut down the appropriate coii indefiniteiy or for a period

of time or to indicate an alarm is taken.

[00166J In another embodiment, the regulators or battery charging circuit in mobile

devices or batteries, or the reguiator in a receiver eiectronics, typically has a start voltage

(such as 5 V) that is required to start the charging process. Once the battery charge circuit

detects the presence of this voltage, it switches on and then proceeds to draw current at a

preset rate from the input to feed the battery for charging. The battery charger circuits

operate such that an under or over voitage at the start will prevent startup. Once the startup

occurs, the voltage at the battery charger output is typically the voitage of the battery and

depends on the state of charge, but is for example 4.4 V to 3.7 V or iower for Lithium-ion

batteries. With a wireless charge system such as described here, the voitage on the receiver

is highly dependent on relative position of the primary and receiver coil as shown in Figure 5 .

Since typicaiiy the start voltage of the battery charger is within a narrow range of the
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specified voltage, under-voltage and over-voltage in the receiver coil clue to misalignment or

other variation will resttit in shutdown of the battery charger circuit.

EffJc ency Enhancements through Coi Voitage Clamping

[00167] Figure 17 shows a figure of a circuit diagram 350 in accordance with an

embodiment In accordance with one embodiment, a Zener diode 352 is incorporated to

clamp the maximum voltage at the output of the receiver prior to the regulator or battery

charger circuit, as shown in Figure 17. Using a Zener aiiows more insensitivity to placement

between the primary and receiver coil while maintaining the ability to charge or power the

device. For example, the drive pattern on the primary can be set so that when the primary

and receiver coii are aligned, the voltage on the receiver is above the nominal voltage for the

battery charger startup. For example, for a 5 V startup, the voltage at center can be set for 8

or 7 volts. In this way, the Zener can be chosen to have an appropriate value (5 V) and

clamp the voltage at this value at the input to the battery charger unit while the coils are

centered or mis-aligned. Once the battery charger starts operation after detection of the

appropriate voitage at the input, the battery charger circuitry will pull the voltage at this point

to the pre-programmed voltage or voltage of the battery in this way, the use of Zener diode

enables less sensitivity to position and other operationai parameters in wireSβss chargers or

power supplies and is extremely useful.

Efficiency Enhancements through Coil Stacking

[00168] Figure 18 shows an illustration of a means of stacking coils, in accordance

with an embodiment. In accordance with an embodiment, to achieve higher flux densities, a

coil is constructed with two or more layers, for example by using two or more layers of printed

circuit board. Multiple layer boards can be used to allow compact fabrication of high flux

density coils. By altering the dimensions of the coil in each layer (including the thickness,

width, and number of turns) and by stacking multiple layers, the resistance, inductance, fiux

density, and coupling efficiency for the coils can be adjusted so as to be optimized for a

particular application.

[00169] In accordance with an embodiment, a transformer comprising two PCB coiis

separated by a distance has many parameters that are defined by the design of the coil,

including:

R1 is the primary winding resistance,

RI is the secondary (in the receiver) winding resistance referred to the primary,

RL is the resistive load,

Llk1 is the primary leakage inductance,
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L'ikZ is the secondary leakage inductance referred to the primary,

LMf is the primary mutual inductance,

Cf s the primary winding capacitance,

C 2 is the capacitance In the secondary winding referred to the primary,

C12 is the capacitance between primary and secondary windings, and

n is the turns ratio.

[00170] In accordance with the embodiment shown in Figure 18, a multi-layer PCB

coil 356 is created in separate PCB layers 357, which are then connected 358, and

manufactured together via common techniques used in PCB fabrication, for example by use

of a via or contacts. The resulting overall stack is a thin multi-layer PCB that contains many

turns of the coil. In this way, wide coiis (low resistance) can be used, while the overail width

of the coil is not increased. This technique can be particularly usefui for cases where smaS!

x-y coil dimensions are desired, and can be used to create higher flux densities and more

efficient power transfer.

Efficiency Enhancements through Coi Shape and Materials

[00171] In accordance with an embodiment, the system can use a non-ferrite material

for both the primary and the secondary (receiver) coils. For example, the coils can be made

of copper materia! that is sputtered, deposited, or formed onto a printed circuit board (PCB),

as described above. As also described above the coils can be formed in any number of

different shapes, including, for example, flat or planar hexagonal shapes, or spirals. The

coils can also be distributed in layers of coils, spirals, and other various shapes,

[001 72J One of the advantages of using a non-ferrite or non ferromagnetic material for

the primary and secondary (receiver) is that the coils can be made much flatter and thinner

than a ferrite coil. Additionally, non-ferrite coils can be made to have a lower inductance than

a comparable coil made from a ferrite material (the inductance is on the order of 1 micro

Henry, although the actual value wii! vary depending on the frequency of the voltage appiied

to the coil). The non-ferrite nature effectively eliminates hysteresis in the coil, and allows the

system to be switched on and off more rapidiy, and with less energy storage artifacts.

Variations in Coii Circuitry

[00173J In accordance with some embodiments, an inductance-capacitance (often

referred to as an LC or "tank capacitor") circuit can be used to provide a range of power

outputs to approximately suit the intended application. For example, the circuit can be

optimized to suit either low-power applications, or high-power applications.
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[00174] Depending on the particular intended application, the origina! capacitor

(referred to herein as a "timing capacitor") in the circuit design can be removed and/or

replaced with a different vaiue of capacitor to obtain a different overall level of power output.

From a manufacturing perspective this is a relatively simple and inexpensive procedure. This

technique can also be used to easily manufacture different charger or pad embodiments for

different end-user applications, in that the majority of the pad components can be designed

to be common to each pad design, with the primary difference being the vaiue for a single

capacitor. This single capacitor can then be specified or changed during the manufacturing

process. Although the timing capacitor can be used to adjust the system for, e.g. high-power

or low-power applications, the final power output as it is received at the mobile device can be

fine-tuned using additional techniques and features such as those described in further detail

below.

CoH Waveform Generation

[00175] In accordance with an embodiment, a half-phase electrical waveform is used

to charge the tank circuit, and to subsequently provide inductive power to the receiver coil in

the mobile device. Unlike a full-phase waveform, the half-phase waveform can be used with

a zero-crossing power supply. In accordance with this embodiment, when the transistor in

the primary coil is first turned on, electrical current passes through the primary coil and the

transistor to ground. When the transistor is turned off, the voltage level at the transistor

swings high (anywhere from twice, to many times the value of the input voltage). This is the

standard oscillation behavior of an inductor. When the current falls to zero the transistor is

turned on again, and the process is repeated.

[00176] Many traditional transformer designs do not use half-phase waveforms, and

instead use a non-zero- crossing design, since their ferrite core acts like a capacitor and

stores energy during the off phase, which results in large losses in power efficiency if zero-

crossing was used. However, in accordance with an embodiment, the use of non-ferrite

coils, coupled with lower power (on the order of 2 Watts) allows for suitable efficiency with a

half-phase and a zero-crossing circuit.

[00177] Furthermore, in accordance with some embodiments the half-phase waveform

can be designed to have an exponential or curved shape, rather than an abrupt shape, so

that higher frequency emissions are reduced. These higher frequency emissions might

otherwise cause problems with portable and other devices, or conflict with federal

communications regulations that prohibit high frequency emissions in consumer electrical

devices.
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Automatic Voltage Setting

[00178] In accordance with some embodiments, the system can include additional

circuits, components, features, and techniques, which perform specialized tasks, such as

mobiie device identification, and automatic voitage or power- setting for different devices As

described above, aithough the timing capacitor can be repiaced to modify the circuit

frequency and the resulting output voitage of the system, this is not a practice! solution for

aiiowing a consumer to modify the voitage, or to modify the voltage to suit the particuiar

requirements of individuai mobiie devices in practice the timing capacitor can be used to

provide a partteuiar range of output power (i.e. high power applications; or low power

applications). Additional techniques are then used to adjust the power for a particular device.

This is particuiarly important when the charger or the pad is designed to power or charge

multiple different devices simultaneously, since each of those different devices may have

different power and voltage requirements, in accordance with various embodiments,

different features can be used to support this, including:

• Hardwiring the receiver coii to take the voitage requirements of its device into

account, and to use the appropriate dimensions to receive the correct voitage for that device.

However, whiie this approach works to adjust the voitage for that device, it is by its nature

hard-wired and does not provide much flexibiiity to adjust the voltage for interoperability

between different devices and different chargers or power supplies.

• Use of dynamic programming to obtain a different voitage. In accordance with this

embodiment, if the timing capacitance is known, then the frequency of the circuit can be

adjusted to produce the required output voltage

• In a zero-switching circuit, cupping can be used to tune the voltage. This can inciude

turning the circuit on, then aiiowing it to turn off but clipping the waveform earlier, and then

turning it on again. The process is then repeated. The clipping may be iess efficient than

undipped switching, but can be used to tune the voitage,

[00179] When used with the above capacitor-based techniques, the choice of timing

capacitor can be used to determine the overall range of the charger, power supply, or pad

(for example, whether if is best suited for low power, or for high power applications). The

additional features can then be used to fine-tune the frequency and the output voltage in

accordance with some embodiments, additional features can be used to improve efficiency

and to add functionaiity.

£00180] As described above, in accordance with one embodiment, the pad circuit 260

incorporates a micro control unit (MCU) 286 that can enable or disabie the FET driver 268,

The MCU receives input from another sensor mechanism that wii! provide information that it
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can then use to decide whether a device is nearby, what voltage the device requires, and/or

to authenticate the device to be charged. The communicated feedback from the receiver to

primary can be used by the primary to, for example, adjust the frequency, or to otherwise

aiter the output voitage to that receiver, using the frequency/output characteristics described

above. Some traditional transformer designs use a third coi! to provide a measure of

feedback. However the use of an MCU as described herein eliminates the need for such

extra coi! feedback devices,

[00181] Also as described above, i accordance with one embodiment, a Zener diode

352 is incorporated to damp the maximum voltage at the output of the receiver prior to the

regulator or battery charger circuit In each of the feedback designs described above, the

actual communication between the receiver and the primary as to voitage requirements can

be of open loop design, or of closed ioop design. Sn an open ioop design, the charging

device, pad or power source provides the power to the primary, which is then inductively

transferred to the receiver and the mobile device or battery other device to be charged. The

primary itself determines how much power should be received at the receiver. In a closed

loop design, such as in a switching mode power supply, the device/receiver communicates

information back to the primary, and then the primary determines how much power should be

sent to the receiver.

Device Identification and Verification

[00182] Figure 19 shows a figure of a circuit diagram 400 for identification verification

in accordance with an embodiment. In accordance with an embodiment, the circuit design

can be used to ensure a device is valid, i.e. authorized to be used with the charger, power

suppiy or pad. The information can also be used as part of an open-loop or closed-ioop

design to set the voltage for the device In operation, the primary circuit is first turned on. An

initial signal is generated as the circuit induces power in the receiver. This information is

quickly compared with a number or value stored in the MCU, and is used to determine

whether the mobile device (or the receiver associated with that mobile device or battery) is

valid for operation with the base unit, charger, power supply, or charging pad. In addition to

validation the information can similarly be used to set the charging voitage for the receiver,

battery, or mobile device.

[00183] Figure 20 shows a figure of a circuit diagram 420 for bidirectional

communication in accordance with an embodiment. As shown in Figure 20, in accordance

with an embodiment the charger or power supply or primary can include means for

communication with the receiver, battery, or mobile device, including for example radio

frequency (RF) or other means of communication.
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[00184] Figure 21 shows a figure of a circuit diagram 440 for output controller in

accordance with an embodiment. A s shown in Fjgure 2 1 , in accordance with an embodiment

the output controller in the receiver waits untii power is sufficient, and then turns the power

on to the mobile device or battery.

[00185] Figure 22 shows a figure of a circuit diagram 480 for receiver with regulator or

charge management circuit in accordance with an embodiment. As shown in Figure 22 r in

accordance with an embodiment the receiver includes a reguiator for regulating the voltage.

[00186] Figure 23 shows a figure of a circuit diagram 500 for MCU reguiation in

accordance with an embodiment. A s shown in Figure 23, n accordance with an embodiment

the MCU can provide the voltage regulation.

[00187] Figure 24 shows a figure of a circuit diagram 540 for unidirectional

communication and data transfer in accordance with an embodiment As shown in Figure 24,

in accordance with an embodiment the receiver can include a means of transferring data to

the mobile device to which it is coupied.

[00188] Figure 25 shows a figure of a circuit diagram 580 for time-based regulation in

accordance with an embodiment.

Zero Voltage Setting

[00189] In accordance with some embodiments, the system can use a technique such

as Zero Voitage Switching (ZVS) to provide more efficient power transfer and power supply

controi. These techniques can also be used to provide more efficient regulation for power

transfer between coiis of small induction value, such as those created by spiral patterns in

PCBs, stamped metal coils, and low number of turns wound wire coiis. in switching mode

power supplies used today, the common geometries used are boost buck, flyback, boost, or

a variation of these types. In most of these geometries, the input voltage is switched rapidiy

by a transistor such as a FET and the energy is transferred across a transformer to a load

in accordance with an embodiment, by adjusting the duty cycSβ of the switching circuit,

regulation of transferred power is achieved.

[00190] Figure 26 shows a high ievel view of a flyback power supply geometry 580 in

accordance with an embodiment. During the time that the FET is ciosed, the current through

the primary coi! stores energy in this coi! and during the period that the FET is open, this

energy is transferred to the secondary (receiver) coil and into the load. The energy stored in

the coi! is directiy proportional to the inductance of the coii and values of severa! hundred

Henry are typica! for 10's or 100's of Watts of power supply pow er

[00191] In contrast. Printed Circuit Board Coiis (PCBCs) are typically spirai circular,

rectangular, or other shape coils that are printed on rigid or flexible PCB materia! or stamped
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out of sheets of copper or by other methods where the coil or transformer in a power supply

is primarily flat and takes very little space. Two of these coils placed with a distance between

them (such as on both sides of a PCB material) or with an air or material gap (such as in

wireless power applications where a charger transmits power to a receiver in an electronic or

5 electric device that can be separated or removed from the charger) can be used to form a

transformer such as the one shown in Figure 26 Switching of these coiis at high frequency

(-1 H depending on the coil geometry and size) can transfer power across an air or

material gap and an efficient power supply with a very small transformer can be developed.

Uses of such compact coils for wireless powering of mobile devices such as mobile phones

IO and MP3 players have been demonstrated. However, many prior techniques used a

laboratory power supply to provide a sinusoidal or similar voltage to the primary coil and

study the transferred power, rather than a compact efficient circuit for a power supply.

[00192] In accordance with a ZVS geometry embodiment, a capacitor is added to the

circuit so that in the switch OFF position, the capacitor and the coil inductor create a resonant

] 5 circuit. During the switch ON time, current passes through the inductor while the voltage

across the capacitor is zero. During the period where the switch is turned off, the voltage

across the capacitor rises to a maximum value of twice the input voltage and then resonates

back to zero. A characteristic of this geometry is that the switch is closed exactly when this

voltage arrives back to zero (hence the name Zero Voltage Switching), thereby minimizing

0 power usage and achieving high efficiencies. Some of the benefits of this geometry include:

High efficiency and 'Loss-less' transitions; Reduced EMS/EMC due to soft switching and use

of sinusoids rather than square waves; Peak current is not higher than square wave

switching; and Relatively simple control and regulation In addition, this geometry can work

very efficiently with Sow inductance values and is therefore better suited for the PC8C

5 applications. In accordance with various embodiments the geometry can be configured to

operate in various topologies, for example buck, boost, buck-boost, and flyback.

[00193] Some embodiments provide more efficient power transfer and power supply

control and regulation for power transfer between coils of small induction value such as

created by spiral patterns in PCBs, stamped metal coils, low number of turns wound wire

0 coils, etc, In addition, typically, magnetic cores are not used if the coils are driven at high

frequency. For a spiral coil, the inductance of a coil is given by:

- T 2r 2£d) x W

5 Where
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L - inductance (H)

r = mean radius of coil (m)

N number of turns

d = depth of coil (outer radius minus inner radius) (m)

5

[00194] For example, for a coil of 10 turns, an outer radius of 15 mm, and inner radius

of zero, then L=1 H While larger values can be obtained by increasing the number of turns

or stacking a number of coiis vertically and connecting them in series, this larger induction

comes at the price of increased resistance and therefore loss in the inductor.

I O [0019S] Spiral coils printed on PCBs without use of any magnetic core can provide

high power transmission efficiency if operated at high frequency. An analogous method to

the above technique is one referred to as Zero Current Switching (ZCS). ZCS operates by

simiSar principles; however switching is done during zero current passing through the switch

thereby achieving iow switching losses. In the following discussion, ZVS switching is

15 generally discussed; however, the ZCS geometry can equally be applied to the foilowing. in

accordance with some embodiments, methods are described for achieving and optimizing

high power transfer with such smali and/or thin coils with iow induction values and describe

several techniques for control and regulation of this power in real world power applications.

While this technology is generally described for any type of power supply using such

0 inductors, in accordance with a particular embodiment the two coiis in the transformer are

separated, with the primary being in an inductive charger and the receiver embedded in a

device, battery, casing, skin, or other part of an electronic or electric device. In this case, a

wireless charger or power suppiy can be created which is especially useful for charging or

powering mobile electronic or electric devices or batteries.

5 [00196] The advantages of use of ZVS geometry in general, and in particular for coiis

with small inductance and no magnetic cores, has been described above. However, another

important aspect of power supply design is the Control and Regulation Circuitry that is

impiemented. Regulation of the power to a load can be achieved by a linear or switching

regulator at the output stage. However, if the regulation of the power is achieved in this way

0 and constant power is supplied from the primary coil, under light load conditions (such as

when a battery is fully charged or a device is on stand-by, then the power generated and

transmitted by the primary is mostly wasted leading to a low efficiency power supply. A

better solution is achieved by adjusting the power into the primary coil under different load

conditions, to maintain high efficiency during different load conditions or battery charging

5 stages.
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[00197] In accordance with an embodiment, such control of output power in a ZVS

power supply can be achieved by changing the frequency of the operation In this

embodiment, the output power is inversely proportional to the operating frequency and

control can be achieved by an appropriate contra! circuit.

5 [00198] Figure 27 shows how the output voltage to the load is monitored and with

changes in the load condition, a chip or a Micro Cαntroiler Unit (MCU) varies the frequency or

the duty cycle of the FET driver to achieve optimum operation and controlled output voltage

with a changing load. As shown in Figure 27, a digital controi 600 for operation is shown.

However, analog operation can also be achieved and may be simpler and faster in response

JO time to load changes and preferable in some applications. In the implementation shown, the

primary (Control Circuit, Clock, FET Driver, FET, primary coil etc.) and the receiver

(secondary coil, rectifier, capacitor, other circuitry, etc.) B able to communicate through a

wired connection.

15 Switching Wlode Power Supply with Wireless Com munseat!o

[00199] In accordance with an embodiment that includes a charger or power supply

wherein the charger or power supply and the receiver are separable from each other

(wireless or inductive charging or supply of power to devices), the charger or power suppiy

can contain the basic control and switching functions while the receiver contains the rectifier

0 diode and capacitor for smoothing of the output voltage and additional circuitry. In this

embodiment the two parts need to communicate with each other wirelessly.

[00200] Figure 28 shows an implementation of a more sophisticated charger or power

supply. According to this embodiment, where the primary stage and the secondary

(receiver) stage communicate wireiessly. In the geometry shown in Figure 28, a digital

5 control scheme is implemented. The primary (charger or power supply) 620 is controlled by

a Micro Controi Unit (MCU 1) that receives signals from a Current Sensor in series with the

coil. The communication between the charger and the receiver 630 is achieved through the

same coil as the power transfer. However, these functions can be separated

[00201] In the geometry shown, the secondary (receiver) contains circuitry that

0 enables this part to modulate the load as seen by the primary. In accordance with an

embodiment this is achieved through modulation of switch Q2 by an MCU2 in the receiver.

This can be a very small Programmable IC (PiC) and can easily fit into very small form

factors. As the primary charger or power supply sends power to the secondary receiver, the

circuit in the receiver turns on. The power received is rectified and filtered by rectifier D 1 and

5 Capacitor C2 respectively. Since MCU2 requires constant voltage input at all times, a small,

low current regulator (Voltage Regulator) for powering MCU2 only is incorporated. This can
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be a linear or switching regulator. Since the power usage of MCU2 is very small and the unit

can also be put into hibernation between tasks, use of this reguiator does not affect the

overall efficiency much. The output of the rectified stage is input to a device or Charge

Management iC for the case of a battery charger configuration. This Charge Management SC

5 is integrated into most Origina! Equipment Manufacturer (OEM) mobile devices that operate

by rechargeable batteries or can be integrated into or on a rechargeable battery to directly

charge the battery when the battery is in proximity to the charger. The Charge Management

IC typically, for a fully drained battery, will pass on the maximum input current to the battery

to enabie rapid charging when the battery is at Sow voltage. This presents a Sow impedance

10 load to the power supply circuit and requires the power supply to sustain the voltage at the

required value while supplying the current. The Charge Management IC is in communication

with the MCU2 which also monitors the output voltage (Vout) and tries to maintain this Vouf

within a pre-programmed range. This is achieved by MCU2 sending a digital signal to Q2 to

modulate the switch. This modulation is prior to the rectifier stage and is at high frequency

I S so the rectified and smoothed Vout is not affected. However, this modulation of the

impedance of the secondary stage affects the current through the primary coil stage and can

be βasϋy detected by the Current Sense circuit in the primary.

[00202] In accordance with an embodiment the Current Sense circuit can comprise a

small resistor in parallel to a voltage amplifier, a Hal! sensor, etc. The output of the Current

20 Sensor is connected to MCU 1 and the digital sequence is detected by an A/D converter. The

firmware in MCU1 determines whether the output voltage is too high or too low and then

executes the appropriate step to adjust accordingly by sending a signal to a clock to adjust

the frequency of the FET drive to bring the output of the power supply to within acceptable

range. Higher drive frequency corresponds to lower output power by shortening the time for

25 integration of power in the resonant ZVS cycle and lower frequency corresponds to higher

output power.

[00203] In accordance with an embodiment, one method for implementing the variable

frequency is to use a variable frequency source whose output frequency changes with

change in the voltage to its input. Using a programmable resistor and changing this resistor

30 value by varying a voltage signal from MCU 1, the frequency for driving FET 1 can be

changed. Other methods for achieving this change are also possible.

[00204] As an example of the method for control, in a typical application, the operating

frequency of the circuit can be 1-2 MHz and the data transmission for control is at 14.4

kbits/sec. If the full output power range is achieved by moving the frequency in the 1.2-1.4

35 MHz, this range is broken into 256 steps. In one implementation, the receiver sends a digital

code corresponding to the output voltage and MCU 1 compares this to the earlier output
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voltage value and makes a determination about which direction and by how many steps to

move the frequency. The frequency is then changed accordingiy. In another

implementation, MCU2 sends one of 2 values corresponding to a voltage high or low

condition. If the voltage is within range, MCU2 does not communicate with the primary,

When a voltage high signal is received, MCU1 takes a pre-determined step towards higher

frequency to lower the output power and the process is repeated until output voltage is within

required range. A voltage low signal has the opposite effect. Many variations of these basic

methods are possible to allow rapid, efficient locking of the output voltage. Proportional-

integral- Derivative (PID) techniques, etc. can aiso be used. Depending on the geometry, the

circuit may aiso use a switch Q3 in series with the load. This optional switch may be opened

during communication to create a better signal to noise ratio. Since communication occurs in

several msec, opening and closing Q3 rapidly does not have a large impact on charging time

of a load battery that can be in many hours.

[00205] In accordance with an embodiment, as the battery charges and its terminal

voltage rises, the Charge Management IC throttles the incoming current back, and switches

to a mode where the voltage across the battery tβrminaS is maintained at or near its final

value. The supply will sense a higher output impedance and MCU2 and MCU 1 work in

concert to keep the output within range throughout the charging cycle. At the end of the

charge cycle, the Charge Management SC can signa! end of charge cycle to MCLJ2 which

sends a pre-determined code to MCU 1 to shut down the charger, move to hibernation mode

or take some other pre-determined step.

[00206] It is important to note that, in the embodiment, the voltage regulator in the

receiver does not regulate the output voltage to the ioad itseif. If the reguiator was

performing this function, then the controi and regulation described here would not be

necessary. However, the overall system efficiency is much lower and, with a constant power

going into the receiver, some fraction of this power is wasted as the battery reached a full

charge or as the ioad became lighter and less power was required. This wasted energy can

heat up the receiver, the ioad, or the device battery depending on the geometry. All of these

cases are undesirable. In the geometry described here, the primary can in these cases

adjust to send less power to the receiver, thereby maintaining high efficiency regardless of

load condition.

Verification and Data Transmission

[00207] In accordance with an embodiment, the digital transmission process described

here is bi~directionai, and can be used for verification process at start of charge or power

transfer to ensure that the right kind of device is present and about to be charged, or to
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inform the charger or power supply about the voltage/power requirements of the device or

battery to be charged or powered In accordance with an embodiment, this bi-directional

data transfer can also be used for actual data communication between a device and a

charger or power suppiy. For example, the charger or power suppiy can be powered by the

USB outlet of a laptop and simultaneously receive data from the laptop to be transferred to a

mobile device. When a mobile device or battery is on the charger or power supply, it can be

charged or powered, and its data can also be synchronized simultaneously through this

channel.

Extension to Other Geometries

[00208] WNIe the above discussion has focused on one implementation of the control

with a Zero Voltage Switching power supply, the basic concepts for the control, verification,

and data transmission are applicable to other geometries and topologies, and can be

implemented in a similar manner in accordance with some embodiments, the Charge

Management Circuit is optional and is only used when a battery is present at the load. For

exampie, as shown in Figure 28, If Vout is used to directly operate a load, the Charge

Management Circuit is not used and Vout is directly connected to the load.

Fully Regulated Switching ode Supply with Wireless Communication

£00209] Figure 28, described above, shows the basic building blocks for a digitally

controlled wireless control circuit for a Zero Voltage Switching (ZVS) circuit were described.

The geometry shown in Figure 28 can regulate the output power through a wide range.

However, as a battery charges or the load condition changes to require very low output

powers, the accuracy required for control of the Vout may require many finer steps or not be

possible with the geometry of Figure 28 alone.

[00210] Figure 29 shows an embodiment that includes an enhancement that can be

used to address the ZVS issue.

[00211] In the fully regulated power suppiy shown in Figure 29, a voltage regulator

(Voltage Regulator 1) that can switch the input voltage between 2 values or more is used. In

normal operation, Q2 is closed and the Voltage Regulator 1 is shut down though its enable

pin. Therefore, the input voltage is directly available for the Coil L 1 and is regulated as

described earlier. However, if the output requires extremely low powers (such as end of

charge stage for batteries), and the charger determines that a switch to a different range is

required, Q2 is opened, and Voltage Regulator 1 is switched on to change the input to Coil 1

to a lower voltage value. Regulation is maintained at this range by shifting to the appropriate
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frequency to achieve required output power. For example, if Vin is 5 V , this lower voltage

level may be 3 V. Multiple voltage levels are also possible.

[00212] Since for most cases, and in high power conditions, Q2 is open and Voltage

Reguiator 1 is turned off, high overall system efficiency can be achieved. Only during the

lowest current conditions, the input voltage is changed by switching this VoStage Regulator 1

on and regulating at this level. Depending on the type of regulator used, some efficiency loss

can be expected in this regime. However, this occurs at very low output power levels only.

Voltage Regulator 1 can be a high efficiency Switching DC-DC suppiy or a lower frequency,

less complicated and less costiy itnβar reguiator depending on efficiency/cost trade-offs.

Regulated Switching ode Power Supply with Opto-Coupfer Feedback

[00213] The geometries described above use a digital method for transmission of

information between a primary and receiver circuit. However, in some cases, the load

changes instantaneously. Examples are when in a iaptop computer, the screen or the hard

drive start or shut down, etc. To handle these cases, the feedback loop has to be extremely

fast to avoid having severe and rapid voitage overshoots and undershoots. This becomes

especiaily important for high power appiications.

[00214] Figure 30 shows an embodiment in which instead of a digital feedback circuit,

an analog circuit based on coupiing between an LED and a light detector can be used.

[00215] In this case, the output voltage, Vout is continuousiy compared to a reference

voltage and the intensity of Sight from a diode changes rapidly in proportion to the voltage

value. A detector in the charger stage provides a voitage value to a frequency controlier that

controls the FET drive. An MCU in the charger, IvICU 1 also monitors the process and can

switch on an optional lower voitage input to the primary coil (through Q2 and Voltage

Regulator} if necessary. It can also sense the end of charge or perform verification or other

tasks.

[00216] In some embodiments a high power completely wireless inductive charger for

a laptop requiring up to 90 W continuously can be implemented with this scheme. In

accordance with an embodiment the transformer coiis are PCB spiral coils that have 4" or

more diameters and comprise 7 turns with a total inductance of 1 micro Henry. The rapid

response time of the analog circuit allows maintaining of the output voltage with rapid swings

in the ioad. The charger or power supply comprises a pad where the charger or power

supply circuitry and a flat spiral PCB coii are integrated into and the receiver comprises

circuitry and a similar coii integrated into the bottom of a laptop. The optical components are

mounted such that the Sight from the transmitter is detected by the receiver in the charger or

power supply.



Attorney Docket; AFPA-01013WO0

[00217] Digital communication through the optical parts is also possible to achieve this

result but requires a higher bandwidth and high speed processing.

|00218] It will be evident that these features, or any other geometry described here,

can be combined to achieve the desired results. For example, white the control process for

regulation may be through the opto-coupler feedback described here, a separate digital data

link through the coil can be established for data transmission or verification of the charger,

power supply, or vice versa.

Regulated Switching o e Power Supply with Isolated Transformer Feedback

[00219] In accordance with an embodiment, another geometry for the regulation uses

a similar analog feedback technique with the feedback information being transferred through

a separate isoiated transformer.

[00220] Figure 3 1 shows an embodiment in which the opfo-coupSer is replaced by a

Voltage Controlled Oscillator (VCO) and FET and in the primary, the signal is sent to adjust a

frequency controller to provide optimum output voltage. An optional voitage regulator and

switch Q2 can also be used to provide precise control at low output powers. Similarly, this

communication can be implemented digitally, and also requires a high bandwidth to allow for

rapid response. Since the circuit in Figure 3 1 is completely wireless and does not require

optical components it may be preferable in cases where an optically transmissive window in

the charger or power supply or the receiver may not be possible.

Regulated Switching o Power Supply with RF Feedback Regulation

|00221J In accordance with another embodiment, the information between the charger

and the receiver can be exchanged through a wireless link in the two parts. The advantage

with this embodiment compared to the optical case is that the two parts do not need to be

optically transmissive. In addition, compared to the earlier-described versions (optical and

through a transformer), the relative alignment is not as important. However, in most practical

application, the charger or power supply and the receiver coil will be aligned for power

transfer, so an alignment of some degree will occur and with the right geometry, can enable

transformer or optical feedback alignment and regulation to be implemented.

[00222] Figure 32 shows an embodiment in which the wireless link can be analog or

digital (requires higher bandwidth and complexity) or can be integrated into the device to take

advantage of existing wireless links in the device (Bluetooth, WIFi, Wireless USB. WiMax,

etc.).

[00223] Figure 33 shows a basic schematic for an inductive single coil charging

system in accordance with an embodiment As shown therein, the coil inductor in the
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charger pad is switched by Switch T which is typicaily a FET transistor. A capacitor in

paraiiel with the FET may be used to improve performance. The receiver in the right hand

side comprises a similar coil, rectifying diode, and a capacitor to provide DC output to a load

[00224] Figure 34 shows the main components of a more advanced wireless

power/charging system. Charge Management IC in the receiver aiso controls the charging of

the battery to ensure appropriate charging. The MCU1 and current sense chips in the

charger and MCU2 can provide bi-directional communication between the charger or power

supply and the receiver for optimum charging or supply of power. The optionai voltage

regulator in the receiver is used to provide a constant low current voltage to MCU2 and is not

reguiating the power into the battery. The Receiver is integrated into or on a mobile or

eiectronic device or a rechargeabie battery. Points A B and C are described later and can

be used for placement of switching circuits. Q3 is a switch that can disconnect the battery

during communication for higher signal to noise ratio and is optional.

[00225] An embodiment of the system incorporates a MicroControl Unit (MCU1) that

can enable or disable the FET driver. This system also uses a Charge Management IC in

the receiver which controls the charging of the battery to ensure appropriate charging profile

is followed and the battery is not overcharged. Most mobile devices today aiready include a

Charge Management IC in their power circuit between the input power jack and the

rechargeable battery of the device to control charging of their internal battery. This chip can

be incorporated into the receiver circuitry to enable a battery to directly receive power from

an inductive source as shown in Figure 34.

[00226J Figure 34 also shows a Zβner diode (Z1) incorporated at the receiver. This

Zener is used to ensure that the output voltage from the rectifier does not exceed a pre-

determined value. In some instances this may be important, since the output of the receiver

is fed into a Charge Management IC that may have a finite turn-on time. At the beginning of

charging (when a device is placed on a pad first), the Charge Management IC may seem like

a high impedance load. Without the Zener diode, such a load may cause the voltage the

input to the Charge Management Circuit to increase to high values, potentially exceeding its

safe operating conditions. A fast Zener diode can clamp the voltage under this or other

unusual conditions and may be incorporated into the receiver. Depending on the

architecture, other methods for avoiding such conditions may be incorporated incorporating

a Zener Diode is an effective, and inexpensive method for dealing with these potential

issues.

[00227] In accordance with an embodiment, the receiver may aiso incorporate a

voltage regulator just to provide a constant voitage (or voltage in the acceptable range for
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operation) to C U2 This voltage regulator just provides the iow power necessary for this

and is not in the path of the main power going into the battery. Any power loss due to this

regulator is small, because it is very Sow power and does not affect the overall system

efficiency much. It is mainly used to keep the MCU active during startup or other changes so

5 the communication with charger or power supply is maintained.

[00228] The MCU 1 receives input from another sensor mechanism that provides

information that it can use to decide whether a device or battery is nearby, what voitage the

device or battery requires, and/or to authenticate the device or battery to be charged or

powered. Several examples of the mechanisms for providing this information are:

JO [00229] The MCU1 periodically starts the FET driver. The current through the FET is

monitored through a current sensing method. The inductance of L 1 is highly dependent on

the presence of objects nearby that affect its magnetic field. These objects Include metaliic

objects or another nearby coil such as L2. Switching L 1 at high frequency (100 kHz to

several MHz) through a Field Effect Transistor (FET) such as Q1, the value of current being

15 drawn is highly dependent on the L 1 Value. This property can be used to sense the

presence of nearby devices or batteries capable of drawing power and also to enable b i

directional communication if desired. Severa! methods for this are possible:

• A small resistor can be placed in series with the FET to ground contact. The voltage

across this resistor can be measured by a current sensor chip such as Linear Technology

0 Current Sense Amplifier part number LT1787.

• A Hall sensor such as Sentron CSA-1A that measures the current from a wire running

under it can be piaced on top of the PCB Sine from the FET to the ground to measure the

current without any electrical connection to the circuit. The advantage of this approach is that

no extra resistor in series with this portion of the circuit is necessary reducing the impedance.

5 • Other techniques can be used to measure the current.

• By monitoring the current and comparing it to a baseline measurement taken at power

up, and periodically with no devices nearby, MCU 1 can determine whether a device or

battery is near the coil and drawing power. This provides a first level verification of an object

capable of drawing power being nearby. However, there may be a possibility of false starts

0 with metallic objects or wires in any electronic device or battery drawing power. A second

level of verification may be desirable

[00230] To enable a more secure verification, in accordance with an embodiment the

MCU 1 can periodically start the FET driver. If current is being drawn, MCU 1 may activate

5 the Q 1 in a predetermined state (for example, this may be a iow power state). This can

provide a first level indication that a receiver may be nearby. If there is a genuine receiver
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nearby (versus, say, a metallic object, electronic device, or a non-approved receiver), the

emitted power from L 1 will power the receiver circuit. The charge control circuit in the figure

or another chip in the Receiver circuit can be pre-programmed so that on power-up, it draws

current in a pre-programmed manner. An example of this is the integration of the MCU2 and

chip model number 10F220 Programmable IC by Microchip Inc. or another inexpensive

microcontroller that upon power-up, executes a predetermined program that modulates the

current being drawn in the receiver in a predetermined code (which can be encrypted). This

receiver modulation can be detected as a current modulation in the current through the L 1 by

the charger or power supply current sensor in Figure 34

[00231] After the initial handshake and verification, the MCU 1 and current sense chips

in the charger or power supply and MCU2 can provide bi-directional communication between

the charger or power supply and the receiver for optimum charging or supply of power. The

system can also regulate the power and voltage received at the Charge Control Circuit to

insure overvoltage conditions do not occur. As shown in Figure 34, switch Q3 is a switch

that can disconnect the battery during communication for higher signal to noise ratio and is

optional.

[00232] If the handshake and verification between the charger or power supply and

the receiver is not successful, the IvICUI will assume that the device drawing power is not an

appropriate receiver and will terminate powering it. This process invalidates false starts due

to objects being accidentally placed on the pad, and also provides protection against

counterfeit or non approved receivers. An RFID, Near-Field Communication (NFC) or

other wireless data transmission method reader that can detect an RFID, NFC, or other tag

included with the receiver circuit and antenna (i.e. device or battery to be charged). The

information on the tag can be detected to identify the voltage for the receiver required, and to

authenticate the circuit to be genuine or under license.

[00233] The information on the tag can be encrypted to provide further security. Once

a device containing the tag is near the charger or power supply pad, the tag reader is

activated, the system reads the information on the tag memory, and compares it with a table

to determine authenticity/voltage required or other info. In some embodiments, this

information table can also reside on the MCU1 memory. Once the information s read and

verified, the MCU 1 can enable the FET driver to start driving the coil on the pad and to

energize the receiver.

A Hall sensor or a Reed switch can sense a magnetic field. If a small magnet is placed inside

the receiver unit of the system, a Hall sensor or Reed switch can be used to sense presence

of the magnet and can be used as a signa! to start the FET.
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Other capacitance, optica!, magnetic, or weight, etc, sensors can be incorporated to sense

the presence of a receiver and to begin the energy transfer process.

[00234] The methods for verification and communication between the charger or

power supply and the receiver are provided above by way of example, and in accordance

with various embodiments, in practice a combination or a variation on the above methods

may be used it will aiso be evident that different embodiments can use different verification

techniques, in addition to or instead of those described above, and various combinations of

such.

Efficiency Enhancements through Latera! Offset Between Coils

[00235] Figure 35 shows a typical experimental curve for power transferred and

Power Transfer Efficiency through a pair of circular spirai coils as a function of iateral offset

between the center of the coiis. The power transferred is shown at the receiver after

rectification and other eiectronics, and is the DC power availabie for charging/powering a

device. Power Transfer Efficiency is defined as the DC Power out from the receiver divided

by DC power into the charger or power supply circuit; so it includes any power consumed by

the FET driver, the FET, rectifier diode, and other electronics. This efficiency includes ail

losses (electronics, coil to coil losses, rectifier, etc.) and is a more practical number for

efficiency than the ratio of AC power out of a receiver coil to AC power into a charger or

power suppiy coil commonly used. It can be seen that very efficient power transfer efficiency

can be obtained with inductive methods. In accordance with the example shown, the coiis

can be identical and 1.25" in diameter and comprise 10 turns

[00236J As can be seen from Figure 35, for the coil geometries used here, at an offset

between the center of coiis of half the radius, the power transferred can be 75% of the

maximum value. Improvements in flatness of the curve may be possible with changing the

design of the coii to overlap more of the field on the outer areas of the coii or by using hybrid

coils.

[00237] However, it is important to note that while the transferred power decreases

with offset between the coil centers due to reduced overlap of the coii areas, the power

transfer efficiency (ratio of DC power out from receiver to DC power into charger or power

supply) remains relatively constant in the range of offset < 3r/4. This is a more critical factor

in design of an efficient system. If one assumes that a system can be designed such that the

coil offset is never larger than r/2, then in a wireless charging or power transfer system, then,

one can design the system such that the power transferred at this maximum possible offset is

equai or greater than the maximum transferred power necessary.
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[00238] For example, if Figure 35 represents the maximum power transfer possible

given the particular coi! type, size, and geometry and the switching circuit (FET) and circuit

design, then 3 W o r more power can be transferred depending o n the offset between the

coils assuming that the coil offset is always sma er or equai to r/2. For a power suppSy

application where regulated, constant power to a device is necessary, using regulation of the

output power or a feedback to the charger or power supply to change the frequency or duty

cycle, etc. to keep the power constant can insure that the received power to a device is

independent of the offset between the cσiSs. For example in this case, using regulation, one

can ensure that up to a maximum power of 3 W can be provided to a load independent of coi!

offset (up to the maximum allowable offset - assumed to be r/2 he re) in this case, the 3 W

is sufficient for most mobile devices (mobile phones, cameras, Bluetooth headsets, etc.).

Again, if is noted that the overall efficiency of the system remains high in all cases, since the

offset (within the range of possible offset values) and regulation of the power (if it is

performed at the charger or power supply by changing duty cycle, etc.) do not have a large

impact on efficiency.

Position Independence using Layers

[00239] From the discussion above, one can achieve the goals of high efficiency and

position independence if a method is found wherein the offset between the charger or power

supply and receiver coils is always kept equal or iess than r/2 In the case of hexagonal

spirals with side = r , the maximai diameter is 2 r (similar to a circle with radius r). So for a

given hexagon with side ~ r, the same relation holds. As described herein, several methods

of achieving this are proposed.

|00240] Figure 36 shows &n embodiment in which a coi! mosaic is used to cover the

surface area of the pad. The circuitry can include means of sensing the presence of a

receiver coi! to start the appropriate driver to provide power. The drive and sense circuits

and other electronics are shown here as components in the perimeter of the coi! area but can

be located anywhere. The approximate Effective Area is also shown. !f the center of a

receiver coi! is placed anywhere within the effective area, the receiver will receive the

specified power with only one appropriate coil in the charger or power supply activated.

[00241] in the geometry described here, each coil is driven by its own drive circuit. A

sensing mechanism senses the presence of a receiver coi! on top or close to a charger or

power supply coi! and starts the drive circuit to power the appropriate coi!. The sensing

mechanism can be a current sense mechanism. Each coil drive circuit can periodically start

driving the coi! at a n appropriate frequency and a current sense circuit can monitor the drawn

current to sense when a receiver is nearby thereby affecting the inductance of the charger or
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power supply coil. Driving the charger or power supply coi! circuit at an appropriate

frequency determined by the inductances of the charger or power supply and receiver coiSs

and the capacitance of the load, can provide very high sensitivity to this change in the

inductance,

[00242] Additional verification can be obtained by exchanging a verification code

through the coils or by exchange of information through a second wireless data

communication link (such as RFSD, NFC, WiFi, etc) between the pad and the device(s) to be

charged. The code exchange can also provide information to the charger or power supply

coil regarding the necessary voltage, power, temperature, or other diagnostic information for

achieving reliable charging

[00243] The approximate Effective Area is shown in Figure 36. Any point within the

Effective Area shown has the property that a receiver coi! placed with its center within this

area is always within half a width or less of the center of at least one charger or power supply

coil. If the system is designed such that moving the receiver coi! within half the width of the

center of any given activated coi! provides at minimum the maximum output required (i.e. 3

W in the earlier example), the Effective Area has the property that a receiver coi! with its

center anywhere within this area can receive the necessary maximum output power or more

with only one appropriate charger or power supply coi! activated.

[00244] For the geometry shown in Figure 36 comprising 75 hexagonal coils with side

r in 3 layers, the effective area is approximately 12 r wide and 6 mr high where mr is the

minima! radius of the hexagon - r. The total area is approximately 62r. In accordance

with an embodiment, the Coverage Efficiency (CE) is defined as the Effective Area in units of

coil radius (for circular coils) or length of side (for Hexagonal coils) divided by the number of

Coils used. CE 0.83 in this example.

[0024S] To consider an example, one can take the maximum offset between the

receiver and charger or power supply coil to achieve sufficient output power to be half the

width of a coil (assuming symmetrical coils). Using coils with different width or radii (in the

case of circular coils) or other geometries would change this value, it can be shown that a

hybrid coi! with a PCB coil and a wound wire coil are placed on top of each other is shown to

have a more flat power transfer efficiency curve as a function of offset between the charger

or power supply and receiver coil offsets. The general results and the operating principles for

the embodiments discussed herein are valid regardless of what type of coi!, geometry, or

regulation is used to allow larger (or smaller) insensitivity to charger or power supply/receiver

coil offset.

[00246] For the remaining portions of this document, embodiments are generally

described which use half the width of the charger or power supply coil as the maximum
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allowable offset between the charger or power supply and receiver coil before the transferred

power becomes Sower than the desired maximum transferred power value.

[00247] The sense and control mechanism in the Configuration shown In Figure 38

may be shared between a number of dnve circuits to reduce parts count or may be integrated

5 with each drive section. A number of other sense mechanism such as magnetic, optical, or

capacitance sensors may also be used.

[00248] Figure 3? shows an alternative embodiment in which the number of drive (and

sensing) circuits may be reduced by using 1XN electrical or electronic switches. In this

embodiment, a number (N) of coils are connected to a 1XN switch that is on the other side

J0 connected to a coil drive and sense circuitry. The switch periodically switches each of the

coils in rotation to the coil drive and sense circuitry. Once an appropriate receiver coil in the

vicinity of a charger or power supply coil is detected, that coil may be interrogated further to

verify a chargeable device is nearby and then charging or powering of the device begins.

[00249] One drawback of this scheme is that since each drive electronics module can

J5 at most only be connected to 1 coil out of N coils in each segment, 2 devices placed on 2

different coils in that segment may not be powered or charged simultaneously. In practice,

since each device to be charged will cover a certain amount of area on the surface, by

appropriately segmenting the pad and choosing the size of charger or power supply and

receiver coils, one can minimize the impact of this effect.

0 [00250] For an extreme case that N NC (i.e. the number of coils in the pad), one can

use a single drive and sense electronics module to monitor and power any coil in the pad

thus greatly simplifying the architecture and potentially the cost of the charger or power

supply. However, only one receiver coil, and hence only one device may be powered up or

charged at any given time. The desirable characteristics of the 1XN switch are:

5 • Low ON resistance: This would reduce wasted power in the form of heat at the

switch.

• High current capability: For power charging applications, depending on application

and device to be charged, 0.5 A and higher, up to several Amps of current may be carried in

ON state.

0 • High reliability: Failure of a switch would render the related segment dysfunctional.

Fortunately, the switching speed of the 1 X N switch is not critical for this application.

For example, if it is desired for the pad to have a 1 second response time (time it takes for the

pad to sense a device and begin charging), the switch must be able to disconnect and

5 establish a new connection in under 1/N seconds (ignoring the time it takes for the sense and

control circuitry to work which can be extremely fast). As an example, for N=10, this switch
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disconnect and connect time is under 100 msec, which is quite achievable. Even lower

switching speeds are acceptable for longer response times

[00251] In accordance with an embodiment, the 1 X N switches may be implemented

by eiectronics circuits or SPOT or DPDT iC switches, relays, MOSFETs, or ivlicrσ-Electro-

5 Mechanical Systems (MEMS) switches. Other methods for switching may also be employed.

[00252] As an example of a an IC switch for this application, a series of Single Pole

Double Throw (SPDT) switches with relativeiy low R
s

of 80 that can be used in this

application. An example of the SPDT is available in a Quad (four switches) pack and is

capable of carrying 500 mA which is sufficient for most low power applications. If larger

J0 current carrying capability is desired, two or more of the switches may be used in parallel.

This particular IC also incorporates over current, short circuit, and temperature sense

circuitry which provides additional safety features for a system. A 1XN switch can be created

by connecting several of such switches.

£00253] In accordance with one embodiment, the surface of a charging pad is divided

J5 into segments where within each segment, a significant Effective Area wherein the center of

a receiving coil can be placed to receive power is created.

[00204] Figure 38 shows a case where a three-coil layer PCB is arranged to provide a

cluster for uniform power in an area using only one coil powered at any given time. In this

case, layer 1 comprises six coils arranged around a central coil for a totai of seven coils. The

0 second and third layers comprise six coils totai. in total, nineteen coils exist in the three

layers of the PCB.

[0020S] Figure 39 shows the coils are arranged such that by powering only one of the

coils in the cluster, any receiver coil (for the receiver) placed with a center within any location

in the effective area receive the specified power if the appropriate charger or power supply

5 coil is activated. When the three layers are stacked together, seen from above, the structure

is as shown in Figure 39. As described above, any point within the Effective Area shown

has the property that a receiver coil placed with its center within this area is always within haif

a width of the center of at least one charger or power supply ∞ S. Therefore, it can receive

the necessary minimum power or more with only one appropriate charger or power supply

0 coil activated.

[00256] For the case shown in Figure 38 with nineteen distinct coils, five of the quad

SPDT chips mentioned above can provide the necessary Switching capability to allow a

single drive and sense circuit to sense the presence or absence of a receiver coil near each

coil. In accordance with an embodiment, the sequence can be .
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• The switches are set so that the coil 1 in Layer 1 shown as ( 1 ,1) in Figure 38 is

connected to a switching and sense circuitry similar to the left side of Figure 34 (i.e. the

charger or power supply in Figure 34).

• MCU 1 gives a command to the FET driver to begin switching the coil. The duty cycle

may be set very low to generate a low voltage in any potential nearby receiver coil

• If a receiver coil is nearby, it begins drawing power from the charger or power supply

coil. This can be sensed as a higher than normal current draw in the current sense circuit of

the charger or power supply.

• AdditionaSly, the charger or power suppSy and receiver coii can exchange a code to

confirm that a valid device or battery with appropriate circuitry is nearby and verified,

• At this point, the amount of current through the sense circuit is digitized by MCU 1 and

saved in its memory,

• Alternateiy, the receiver circuit can note the amount of voltage or power being

received and report back to the charger or power supply. This information can be encoded

by modulating the input impedance of the receiver circuit by MCU2. This information is then

sensed by the charger or power supply sense circuitry, digitized by MCU1 and saved

• The FET driver and therefore the FET are disabled.

• The switches are configured to connect the drive and sense circuitry to the next coi!

(Coil (1,2) in this example).

• Commands 2 through 8 are executed untii ai! coils have been activated and tested.

• MCU 1 compares the values received for sense currents and determines which coi!

has the highest sense current when turned on. This is the closest charger or power supply

coil to the receiver coil. If additionai circuitry for confirmation of valid receiver through

exchange of code is implemented, the closest coil has to aiso pass this test

• The appropriate coii is turned on and charging starts. An additional verification can be

performed prior to start of charge.

• The charging continues in open or closed loop depending on the system architecture

until end of charge is achieved. This s either indicated to the charger or power supply by the

MCU2 or sensed in the charger or power supply sense circuit by a change in the amount of

current being drawn.

[00257] Depending on the characteristics desired and cost/performance tradeoffs, it

may be decided that for each cluster, 2 or more drive and sense circuits and a smaller

number of switches are used.

[00258] Figure 40 shows one configuration wherein the number of switches required

is reduced to three to switch to any of the 20 coils in Figure 39. The first switch connects the

Vc to one of the ports (outside or inside contact point of the spiral coi!) on every coil in one of
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the three layers. The other ports of groups of three of coils from different layers are

connected together and input into the switches 2 & 3 as shown in the figure. The outputs of

Switch 2 3 ar& connected together, and connect to the FET for switching. The center coil

(1 ,7) is connected to the poles of the switches by itself. This coil is often the most iikeSy coil

for the receiver coil to be adjacent to since it is central. Comparing Figure 40 with Figure 34

shows that using this scheme, any one of the coils in the system can be connected by the

switches to be driven by the FET.

[00259] Depending on cost/performance trade-offs involved, it may be advantageous

to cut the number of switches by schemes such as shown in Figure 40. Such a scheme can

aiso be used to cut down the number of switches in a Sarger array. For example, the array in

Figure 36 comprising 75 coiis would require 19 Quad SPDT ICs to implement However, by

using one Switch to choose one of the 3 iayers and 7 switches to choose one of the 25 coiis

in each layer, one can achieve the same results with 8 totai switches.

[00260] With further cascading of switching layers, it is possible to further reduce this

number. However, it must be noted that cascading of switching iayers increases the Series

Resistance along the current path of the charger or power suppiy coil which is undesirable.

[00261] In the exampies given above, the switching is shown for Point A in Figure 34

prior to the coils. However, Point B can also be used for this purpose.

[00262] The associated electronics are shown on the perimeter of the coiis but can be

piaced in other iocations too.

[00263] Figure 41 shows a multi-charger or power suppiy pad that incorporates four of

the dusters shown in Figure 39. A device to be charged or powered wouid have to be

piaced such that the center of the receiver coii is within one of the effective areas in one of

the clusters or segments. As an example, if the duster is made of hexagons with side

lengths r, a hexagonai Effective Area in the center of the cluster with a maximal diameter of 5

r is created. The Effective Area ~ 19r achieved with 19 coils giving a Coverage Efficiency

Effective Area (in coil radius or side length Units)/Number of Coils 1.

[00264] For a typical coil of r =0.625" side, this leads to a maxima! diameter of 3.125".

Such an almost circuiar Effective Area with a diameter of over 3" can be marked on the

surface of the charger or power suppiy pad and aSlows the user to easiiy place the receiver

coil inside (or on) a mobile device such as camera, mobiie phone, batteries, game piayers,

etc. in the right iocation for charging without much alignment and effort. Each of the dusters

in the configuration shown in Figure 4 1 can have their own coil drive and sense circuits or

may share this circuitry through muStipiexing with switches.
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[00265] In this way, a practical system for providing a large Effective Area in each

charging area (i.e. segment) while maintaining high power transfer efficiency is developed A

significant advantage is also that simuitaneous charging of multiple devices can be achieved.

[00266] It should be noted that the charger or power supply coils can be designed to

be larger than the receiver coils. By doing so, one can obtain an even larger effective area

and insensitivity to placement of the receiver coil. The Effective Area has a maxima!

diameter of 3r. Other combination of coiS patterns to achieve Socai position independence

with a number of coils can be constructed.

[00267] Figure 42 shows a cluster of 2 layers of 3 coils and a central coil (total 7 coils)

that can create an effective area of 3r. In practice, such an area may be sufficient for many

applications. It will be noted that while Hexagonal coils are shown in many of these figures, a

combination of Hexagons and/or circles, or other shapes can be combined to provide the

best efficiency/position independence performance. Similarly, the size and shape of the

receiver can be non-Hexagonal.

[00268] For example, in Figure 42, the central and the receiver coil can instead be

circular (spiral coil) and the central charger or power supply coil is the most likely charger or

power supply coil for the receiver coil to be on top of. If the receiver coil is placed on any

other position, a hexagonal coil is the closest coil and be powered. In accordance with other

embodiments, the centra! coil in Figure 16 can be larger than the receiver coil and cover

most of the likely central area. The remainder of the coils would only be used if the receiver

is placed in extreme outside locations.

[00269] It must be noted that the foregoing description describes the situation wherein

the transmitted power drops to acceptable levels when the coil centers are offset by half the

radius. In practice, this value can be different and by using a combination of coil patterns

and sizes and regulation of the transmitted power, uniform power transmission across an

area can be maintained.

[00270] While the use of IC switching elements has been discussed above, other

switching mechanisms such as IVIElVIS, relays, etc. can be used to achieve the results. In

accordance with other embodiments, the switching may be implemented by creating a

deformabie layer under the coii layers to act as the switch. Each spiral coil discussed here

has 2 ports with one at the outside diameter wherein the coil starts and one at the center

wherein the coil terminates.

[00271] Figure 43 shows a mosaic of hexagonal coils with the central port to each coil

shown as circles. In accordance with an embodiment, one of the ports of all of the coils in

the 3 layers (in this case, the outside port) is connected to a common point, called here P1

The other port of each coii (shown as the centra! one here) in the mosaic pattern of Figure 42
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is brought down through vias to a common layer at the bottom of the multi-layer PCB and

connected to a copper pad with a certain surface area. Such a pattern seen from above (the

same side as Figure 43} is shown n Figure 44.

[00272] Figure 44 shows the fop view seen from the same side. The side view of the

pad has integrated MEMS switch for contacting individual coil contact pads,

[00273] In an earlier US patent application 11/869,113, the use of attracting magnets

placed at the centers of an inductive charger or power supply's PC8 coil and the center of

the receive coil to align and center the 2 parts conveniently has been described. Such

techniques were used in the charger or power supply for mobile device or battery alignment.

[00274] In accordance with a present embodiment, a planar conductive layer or

conductive traces patterned with conductive pads similar to the coil port pattern shown in Top

part of Figure 44 and al! connected to a common point (called P2 here) is created on a

flexible materia! film. Examples of the material for the flexible film are mylar, polyimide,

fiexibie PCB material such as Kapton, etc. or plastic. At the center of each of the pads, a

small magnet or ferromagnetic material is attached to the other side of the fiim. Alternatively,

a layer of ferromagnetic materia! is deposited and patterned to have a pattern similar to

Figure 45 top so that only material with a pattern similar to the PCB port pad remains. The

flexible film is attached to the bottom of the PCB such that a smaS! gap between the top iayer

of the film and the bottom of the PCB is created by a spacer. The side view of the MEMS

charger or power supply pad is shown in Figure 44.

[00275] The entire package shown in the bottom of Figure 44 has 2 electricai

connection points. One from the PCB, called P 1 that is connected to one of the ports of all of

the coils in the 3 layers of the PCB (in this case the edge port). The other connection is to

the common pads on the flexible film. This is called P2. Looking at Figure 34, the entire

package can be treated as 11, and connect P 1 to point A in this circuit and P2 to point C .

[00276] Ordinarily, none of the coii center ports are connected to the contact pads on

the flexible film and therefore the circuit is not completed. If a receiver coil with a magnet

attached to the back of its PCS coil and the magnet oriented with correct polarity is brought

close to the pad, it attracts the magnet or patterned ferromagnetic layer at the center of the

nearest charger or power supply coii and at the bottom of the flexible film towards itself. This

causes the top conductive layer on the flexible film to make contact with the center port of the

appropriate coil and close the circuit. In this way, current can flow only through the

appropriate coil and then activate it.

[00277] In accordance with an embodiment, to avoid oxidation of the contact pads at

the bottom of the PC8 and the flexible fiim contacts, these surfaces can be protected by

deposition of additional layers such as gold or other material on top of the copper. Such
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processes are often used in PCB manufacture to protect exposed contacts, Sn addition, the

PCB pad package can be hermetically sealed to avoid dust contamination on the contacts.

Additionally, the volume inside can be filled with an inert gas such as nitrogen.

[00278] By optimizing the surface area of the contact pad and the flexibie film contact

areas and material composition, low contact resistance can be obtained. Other parameters

to optimize are the area of the magnet or magnetic material and the type of materia! used.

[00279] The configuration above is provided by way of example, In accordance with

other embodiments, it is possible to connect the components in a different manner, or to

piace in an external drive circuit in a different configuration to achieve the desired result. A 3

layer board has also been used to demonstrate this approach. Simpler constructions with 1

or 2 layers or configurations wherein the coils in the different layers have different functions

or sizes and provide different power levels can also be implemented. The advantages of this

approach are:

1- High efficiency: Only the appropriate coil for high coil overlap is activated.

2- Position Independence: The receiver coil can be placed anywhere with its center in

the Effective Area and achieve specified power transfer.

3- Low cost: The pad does not use any 1C switching elements for connecting to the

appropriate coil.

As described above, in accordance with an embodiment the entire package in Figure

44 is connected between points A and C in the circuit of Figure 34 One example of the

operation of the system is described in more detail here:

• MCU 1 gives a command to the FET driver periodically to begin switching the

coil. The duty cycle may be set very low to generate a low voltage in any potential nearby

receiver coil.

• Ordinarily, none of the coils is connected to point C in Figure 34. Therefore, no

current is sensed in the current sense circuit.

• If a receiver coil is placed on the pad, it will cause the appropriate charger or

power supply coil center port to contact the pad on the flexible film and therefore the

appropriate coil is contacted to points A and C in Figure 34.

• The receiver coil begins drawing power from the charger or power supply coil.

This can be sensed as a higher than norma! current draw in the current sense circuit of the

charger or power supply.

• Additionally, the charger or power supply and receiver coil can exchange a

code to confirm that a valid device or battery with appropriate circuitry is nearby and verified.
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* Once MCU 1 determines that an appropriate receiver coil is on the pad and

ready to draw power, the FET is turned on and charging starts. An additional verification can

be performed.

♦ The charging continues in open or ciosed loop depending on the system

architecture until end of charge is achieved. This is either indicated to the charger or power

supply by the MCU2 or sensed in the charger or power supply sense circuit by a change in

the amount of current being drawn.

[00280] The description provided above describes what happens when the activation

of the MEMS switch occurs through magnetic attraction. In accordance with some

embodiments, the switch can be designed such that it closes at the appropriate location due

to static attraction, pressure, temperature change, or other mechanism.

[00281] In the MEMS system described above, a disk or other magnet in the receiver

coil attracts a magnet or patterned ferromagnetic layer attached or deposited under the

flexibie fiim to dose the contact beneath the appropriate charger or power supply coil to the

FET. However, in other embodiments a ferromagnetic layer can aiso be used in the middle

of the receiver coil (on the front of the PCB, its back or separate layer from the coi! layer) and

use either permanent magnets or deposit or sputter, etc. a patterned ferromagnetic layer that

is permanently magnetized behind the flexible Sayer f ilm in this way, the charger or power

supply pad would contain multiple magnetic points corresponding to the centers of the coils.

When a ferromagnetic material is brought close to the pad, the appropriate coi! is activated.

To avoid false starts with metallic objects placed on the pad, secondary verification

techniques, as described above, can be used, inciuding in some embodiments an exchange

of code between the charger or power supply and receiver coil.

[00282] Examples of metals that can be used are Ni, Fe, Co1 or various commonly

used alloys. These can be deposited on a flexible film in a variety of ways such as

sputtering, evaporation, e-beam, plating, etc.

[00283] The system shown in Figure 44 is mostly designed to operate with a single

FET and allow charging of a single device somewhere on the pad. If 2 devices are placed on

the pad and 2 coils are connected to the pad, the power transferred may not reach the full

specified power and it may not be clear which device is sending or receiving the control

signals during charging.

[00284] In accordance with an embodiment, to overcome these issues, a segmented

pad where dusters of charger or power supply coils are attached to individual drive and

sense circuits and are independent of each other can be used.
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[00285] The X-Y area is divided into segments (in this case 4 shown). One coil in

each section can be driven by an appropriate FET and sense Circuit for that segment. Top:

The pattern for contact pads at the bottom Sayer of the PC8 . Each pad is connected to the

centra! port of a cot! in one of the 3 iayers above. The top view is shown here. Bottom; The

5 side view of the pad with integrated MEMS switch for contacting individual coi! contact pads.

Spacers at the edges and the w aϋs of the segment areas keep the flexible fiim at a pre¬

determined distance from the bottom layer of the PCB.

[00286] Figure 45 shows the architecture of the segmented MEMS charger or power

suppiy pad in accordance with an embodiment. Each segment comprising a number of cotis

JO is connected to points A and C of a different driver and sense circuit. Thus, devices piaced

inside each segment can be driven with their own driver and are independent. In this way,

severa! (in this case 4) devices can be charged or powered simultaneously.

[00287] In Figure 45, additional spacers are piaced at the boundaries of the segments.

These spacers may help with keeping the flexibie film/PCB gap constant and operation of the

J5 flexibie fiim uniform aiong the X and Y direction. Such spacers interspersed in the X-Y piane

between the PCB and flexible film iayer may be used regardiess of whether the pad is

segmented eiectrically or not.

[00288] In accordance with some embodiments, the MEMS switching method

described here can also be appiied to the duster geometry shown in Figure 4 1 or any other

0 geometry.

Conductive Multi -Charger o r Power Supply Surface

[00289J As discussed above, in accordance with some embodiments, another method

for charging or powering rnultspie devices on a common charger or power supply surface is to

5 incorporate a number of connector points or strips into the pad. The user can p!ace a device

with an appropriate connector on a pad or similar object and receive power through matching

contacts on the pad. Figure 46 shows a genera! diagram for this approach is shown in. in

this approach, one or more reguiated power supplies are connected to the charger or power

suppiy pad. The pad comprises an array of contacts or strips of exposed connector.

0 [00290] Figure 47 shows an array of contacts on the surface of a pad. in Figure 47,

each position comprises a Voitage and Ground contact in this picture, the connector is

shown as a recessed circSe similar to a washer where one contact is in the middle and the

other contact is in the body or outside of the circie. Other connector geometries are possibie,

[00291] A device with an appropriate mating connector at its bottom or in a plug-in unit

5 for after-market appϋcations can be placed on the pad and the connectors on the device

make appropriate contacts to the pad contacts if piaced on one of the contact points in
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accordance with an embodiment, the connectors on the surface of the charger or power

supply pad are connected to a number of switches which are connected to regulated power

supplies and sense circuits as shown through switch arrays as shown in Figure 48. MCU 1

periodically turns ON one of the regulated power supplies. The switches are set such that a

5 connection is made to the 2 contacts of a contact point in the pad. The sense circuit detects

any possible flow of current if a current flow is detected, the system may verify the presence

of a valid receiver through exchange of information through the contact with a MCU2 in the

receiver. If no current is being drawn or the verification process fails, the MCU 1 reconnects

the supply to the next contact position. By rastering the entire pad periodically, contact to

IO several devices on the pad for charging or power can be established, A diode D 1 can be

used for protection against reverse voltage, a Capacitor (C1) to filter any potential noise on

the regulated power supply output, and MCU2 to enable communication between the

Charger or power supply and the Receiver are shown. The receiver may also incorporate a

voltage regulator to provide a constant voitage (or voltage in the acceptable range for

I S operation) to MCU2. This voltage regulator just provides the low power necessary for this,

and is not in the path of the main power going into the battery. Any power loss due to this

regulator is small because it is very low power and does not affect the overall system

efficiency much. It is mainly used to keep the MCU active during startup or other changes so

the communication with charger or power supply is maintained. However, these components

0 are optional and may not be present depending on the architecture used. The description

provided herein does not depend on use of these components for operation,

[00292] If the ground (through a sense circuit) contact for all positions is connected

together, then Switch Array 2 can be eliminated. Care must be taken to interpret the received

signals in interpreting the current sense values since it is the sum of currents from ail devices

25 being charged.

[00293] The switching arrangements discussed above for the Inductive cases can be

modified and used for this type of conductive switching as well. In addition, the MEMS based

approach shown above are applicable to this application.

[00294] An embodiment for a universal charging pad using conduction is shown in

0 Figure 48. In this case, one of the contact points for each position (e.g. Ground contact) is

connected together throughout the pad and connected to the appropriate location (Ground

through the sense circuit in this case). The other contacts are brought through the charger or

power supply surface to the bottom of the surface and contact pads are formed.

[00295] Top: The pattern for contact pads at the layer below the connectors. One of

5 the contact points for each position (e.g. Ground contact) is connected together throughout

the pad and connected to the appropriate location (through Sense circuit to Ground in this
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case). Bottom: Side view of the pad with integrated MEMS switch for contacting individual

contacts to the power supply. Spacers at the edges keep the flexible film at a pre¬

determined distance from the bottom layer of the PCB.

[00296] In accordance with an embodiment, a planar conductive iayer or conductive

traces patterned with conductive pads similar to the charger or power supply surface contact

pattern shown in Top part of Figure 48 and all connected to a common point {called P2 here)

is created on a flexible materia! film. Examples of the materia! for the flexible film are mylar,

polyimide, flexible PCB material such as Kapton, etc. or plastic. At the center of each of the

pads, a smaii magnet or ferromagnetic material is attached to the other side of the fiim.

Alternatively, a layer of ferromagnetic material is deposited and patterned to have a pattern

similar to the Top in Figure 47 so that it only materia! with a pattern similar to the charger or

power supply surface pad pattern remains. The flexible film is attached to the bottom of the

charger or power supply surface such that a small gap between the top layer of the film and

the bottom of the charger or power supply surface is created by a spacer.

[00297] Figure 48 shows the side view of the MEMS conductive charger or power

supply pad. Using the MEMS conductive charger or power supply pad eliminates the need

for switching arrays.

[00298] In accordance with an embodiment, the entire package shown in the bottom of

Figure 48 has two electrical connection points. One from the top surface, called P 1 that is

connected to one of the connector points of aii of the connector positions on the charger or

power supply surface (Ground in this case). The other connection is to the common pads on

the flexible fiim. This is called P2, and is connected to the other position in the circuit. For

example, for the geometry discussed here, P 1 can be connected to Point B in Figure 49 and

P2 connected to Point A Figure 49 is a generalized biock diagram of a charger or power

supply pad with multiple regulated power supplies.

[00299] The case discussed here and the pad in Figure 48 enable connection of one

regulated supply to one or more devices placed on the pad. However in the case of multiple

devices on the pad, the voltage characteristics of the device would have to be identical to the

first one and the sum of powers being drawn from the supply not exceed the maximum rating

of the power supply. A more generalized approach wherein different voltages/power can be

supplied to different devices is discussed in further detail below

£00300] Ordinarily, none of the connectors are connected to the contact pads on the

flexible film and therefore the circuit is not completed, in accordance with an embodiment, if

a receiver with a magnet attached to the back or perimeter of the connector and the magnet

oriented with correct polarity is brought close to the charging surface, it attracts the magnet

or patterned ferromagnetic layer at the center of the nearest contact pad and at the bottom of
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the flexible film towards itself. This causes the top conductive layer on the flexible film to

make contact with the contact pad for the appropriate connector at the bottom of the charger

or power supply surface and close the circuit In this way, current can flow only through the

appropriate connector into the receiver circuit and the device to be charged.

[00301] As described above, to avoid oxidation of the contact pads at the bottom of

the charger or power supply surface and the flexible film contacts, these surfaces can be

protected by deposition of additional layers such as gold on top of the Copper. Such

processes are common to protect exposed contacts. In addition, the pad package can be

hermeticaily seated to avoid dust contamination on the contacts. Additionally, the volume

inside can be filled with an inert gas such as nitrogen.

[00302] By optimizing the surface area of the contact pad and the flexible film contact

areas and material composition, low contact resistance can be obtained. Other parameters

to optimize are the area of the magnet or magnetic material and the type of materia! used.

[00303] Top- The pattern for contact pads at the layer below the connectors One of

the contact points for each position (e.g. Ground contact) is connected together throughout

the pad to form contact point P1 . Bottom; Side view of the pad with integrated MEMS switch

for contacting individual contacts to the power supply. Spacers at the edges and the walls of

the segment areas keep the flexible film at a pre-determined distance from the bottom layer

of the PCB. The contact pads in each segment of the flexible film are connected together to

form contact P2 for each segment.

[00304] Figure 49 shows another embodiment where several regulated power

supplies provide power to the pad. This allows charging of several devices simultaneously.

[0030S] Figure 50 shows an alternative embodiment using a segmented surface. The

operation of this is similar to previously described except that the top and bottom contact

points for each segment P 1 and P2 are connected to the appropriate positions in B and A in

Figure 49 so that each regulated power supply is connected to one of the segments in the

charger or power supply surface when the circuit is closed. In this way, a device placed on

each of the segments can be powered by the regulated power supply at its required voltage

and power level.

Electromagnetic Shielding

[0030S] Electromagnetic Interference (EMI) is an important aspect of performance of

any electronic device. Any device to be sold commercially requires adherence to regulation

in different countries or regions in terms of radiated power from it.
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[00307] For an inductive charger or power supply comprising a number of coils and

electronics switches and control circuitry, the main sources of noise include:

• Any potential radiated noise from switching FETS, drivers, etc. or sense and control

circuitry. This noise can be at higher frequency than the fundamental drive frequency of the

coils and can be emitted away from the charger o r power supply because of the frequency.

This noise can be minimized by optimizing the drive circuit to avoid sharp edges in the drive

waveform and associated noise.

• Noise from copper traces with ac signals. This noise can also be at higher frequency and

emit away from the charger or power supply. The length of these paths must be minimized.

• EM emission from the switched coil For coils described here and driven in the tOQ's of

kHz up to severai MHz, the waveiength of the Electromagnetic (EM) field generated can be in

the hundreds of meters Given the smaSi length of the coils windings (often 1 m or less), the

coils used are not efficient far-field transmitters of the EM field and the generated EfV! f iβid is

in genera! highly contained near the coil surface. The magnetic flux pattern from a PCB coil

is highly contained in the area of a coil and does not emit efficiently away from the coil.

[00308] Care must be taken when designing the current paths, and in some

embodiments shielding of the FETs or other ICs or electronics components may be

necessary. in addition, switching the coils with waveforms that have higher frequency

components, gives rise to noise at higher frequencies. In any of the above geometries

described, incorporation of conductive layers and/or ferromagnetic layers in the system can

shield the outside environment from any potential radiative fields. The conductive layers may

be incorporated in the PCB to eliminate the need for additional separate shielding layers.

[00309] In the examples provided above, while the 3 coil layers can be incorporated

into PCB layers, the electronics components can be placed on the lower most surface of the

PCB to allow a flat surface on the top and allow receiver coils to get as ciose as possible to

the charger o r power supply coils. One possible arrangement for the location of the

electronics components at the bottom surface of the total PCB stack is shown. In this case,

in some or all of the layers above, the PCB layers can incorporate Copper sections in the

areas shown in black in this figure. By appropriately grounding these sections and providing

additional conductive and/or magnetic layers below the electronics components, the EMI can

be significantly reduced.

[00310] In accordance with an embodiment, another method for minimizing the effect

of the copper traces in the PCB is to sandwich them between layers of conductors in the

PCB. in a muiti-layer PCB, the copper trances and connections to all the components and

coils can be for example, be in a middle layer and the necessary connections to the iCs or

other layers be made through vias. Given that the magnetic flux is highly contained within
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the coil area, the layer containing the coil or another layer below or above can contain a

substantially continuous layer of copper covering everything except the area of the flux

generated by the PCB (very cfose to the outside ring of the coil). By having two or more

conductive PCB layers for shielding sandwiching the signal and current paths, most of the

noise generated can be shielded very dose to the source. Since the noise from the PCB is

minima! and does not radiate, the remaining source of noise, the electronics, FETS, etc. can

be shielded by covering the section with these devices with a metallic cover or shield.

[00311] Similar types of judicious incorporation of grounded Copper layers in the PCB

layers in any of the designs above can significantly reduce any potential EMI issues without

requiring additional shielding iayers.

[00312] Figure 5 1 shows a standard used within the European Union for measuring

emissions from a product in this case, the emissions from a product are measured at 10 m

distance. This test {EN 55022) looks for emissions from 30 MHz to 1 GHz. Limits for Class

A and Class B certification are shown in the Figure.

[00313] Figure 5 1 shows a typical scan of emissions from an inductive multi-charger or

power supply pad. As discussed above, the radiation at the fundamental operating

frequency (10G's of kHz to several MHz), can be self-contained within the coil area.

However, noise at higher frequencies (such as the test range of 30 MHz to 1 GHz) must be

reduced to avoid interference with other nearby electronic devices

[00314] βtailic and/or Ferromagnetic layers are often included in eiectronic devices

to reduce their EM emission. An example of such iayers is described in U.S. Patent Nos.

6,888,438, and 6,501,364, In these instances, PCB coils are formed on two sides of a PCB,

and ferromagnetic and copper iayers are placed on each side of the PCB to iimit emissions

from a package containing such a transformer

Frequency Selective Electromagnetic Shielding

[00315] In accordance with some embodiments of the inductive universa! charger or

power supply pad described herein, the inclusion of metallic and/or Ferromagnetic layers at

areas that are potential sources of emission such as FETs, etc. may be beneficial. However,

a method that would wholly cover the charger or power supply pad package to βiiminate

potentia! for escaping EIvI fields may provide benefits.

[0031 6] Given that the inductive charger or power supply pad operates by generating

an oscillating magnetic field, such an approach does not seem feasible as it would block

such a field from being sensed by the receiver coil.

[00317] In accordance with an embodiment, a method is described herein that allows

the inductive pad to emit EM waves efficiently for operation while simultaneously providing



Attorney Docket; AFPA-01013WO0

shielding to high frequency EM fields. Such operation is achieved by taking advantage of the

skin effect in conductors.

[00318] The skin effect is the tendency of an alternating electric current {AC} to

distribute itself wtthin a conductor so that the current density near the surface of the

conductor is greater than inside the material. That is, the electric current tends to flow at the

"skin" of the conductor.

[00319] The skin effect causes the effective resistance of a conductor to increase with

the frequency of the current and has practical consequences in the design of radio-frequency

and microwave circuits.

[00320] The current density j in an infinitely thick plane conductor decreases

exponentially with depth δ from the surface, as shown below;

T T , —

where d is a constant caiied the i skin depth". This is defined as the depth below the surface

of the conductor at which the current density decays to 1/e (about 0.37} of the current density

at the surface. It is given by:

2p
d

Where;

p ~ resistivity of conductor

ω angular frequency of current 2τr frequency

µ absolute magnetic permeability of conductor > ' ', where µ0 is the permeabiiity of

free space and µ, is the reiativa permeability of the conductor.

It is important to note that d decreases rapidly with frequency. The magnetic and electric field

similarly get attenuated traveling through a sheet of a conductor. Using the values for

conductivity of copper (5. 8x1 07 Siemens/m), the absorption going through a single layer of

copper with various thickness can be calculated.

[00321] Figure 52 shows the absorption through a copper layer of 70 m and 7 .

While the 70 m layer provides very high attenuation in the region of interest (30 MHz to 1
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GHz), the attenuation is excessive in most cases and is only needed in extraordinarily noisy

circumstances.

[00322] As described herein, the transmitted power is considered through a very thin

conductive layer,

[00323] Figure 53 shows how the attenuation values are shown for Copper and

Aluminum (conductivity of 3.76x1 07 for 99.99% A!) layers for several thicknesses.

[00324] For these calculations, the placement of the layer with respect to the source of

the EM field needs to be included. In these calculations, the source is assumed to be 0.5

mm under the layer. This is similar to placing the layer essentially directly on the source of

the field.

[00325] It will be noted that, for very thin layers of Copper and Aluminum, down to 1

micron thickness, very high attenuation values at frequencies over 1 MHz are obtained. The

attenuation of 1 m layers of Copper and Aluminum at 10 Hz are respectively 32 dB and 28

dB and are comparable. However, at 1 MHz or below, the attenuation in either material for

such a thin layer is minima!. In accordance with some embodiments, this behavior or

characteristic can be exploited.

[00326] Figure 54 shows Transmitted EM Power through Copper and Aluminum

layers of varying thickness for an incident EM fieid at 1 MHz which is a typical operating

frequency for the type of inductive universal charger or power suppSy described herein.

Below 5 J v.im thickness, the transmitted power exceeds 95%. Aluminum in particular (due to

its lower conductivity), has a wide range of thicknesses that allows a 1 MHz radiation to

transmit through without much attenuation.

[00327] As discussed above, in some embodiments of the inductive charger or power

supply device described herein, the generated EM field at the operating frequency of the

charger or power supply (typically 1 MHz), is generated by an inefficient PCB coil antenna

and is mostly confined to the area immediately near the coil (to be picked up by the receiver

coil). However, any noise generated by driving the coil at this fundamental frequency (due to

nonlinearities at the components, non-sinusoidal signal, or at the FET or the FET driver) or

any noise generated at any other location in the charger or power supply device current

paths or components or the receiver (including noise generated at the receiver rectifier), can

have components that are much higher in frequency. It is desirable to suppress such noise

to the extent possible.

[00328] In accordance with an embodiment, a very thin layer of a conductor (such as

Copper or Al, organic conductors, nanotech materials, nanotubes, or other material),

covering ali or part of the charger or power supply and/or receiver circuit can be used to aliow

the desired low frequency components (Several MHz or below) to travel through without
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attenuation while severely reducing the higher frequency noise, In accordance with some

embodiments, the entire inside or outside surface of the charger or power supply and/or

receiver package circuitry or part of it is covered to achieve this frequency selective shielding

without dramatically affecting the fundamental operation of the device

[00329] In one embodiment, the entire inside or outside of the package for the

inductive charger or power supply and /or the receiver for such a charger or power supply is

covered by a thin layer of a conductor (15 rn thick or less or preferably less than 5 m

thick}. The conductor can be metallic as discussed above, rneta! alloys, organic, nanotech

materials, nanotubes, etc At high frequencies, such a layer reduces the emitted EM power

considerably (greater than 20 dB or even 30 dB) while allowing most (>90%) of the

fundamental operating frequency power to transmit through the layer. The conductive layer

can be directly deposited on the parts. To avoid shorting of any electronics or connectors,

contacts, a dielectric layer, paint or other material must be first deposited. Alternatively, the

conductive parts can be masked off so as not to contact the EM shielding conductive layer.

[00330] The deposition of the conductive material can be done in a variety of manners

(sputtering, evaporation, electroplating, coating through dipping, Langmuir Biodgett, painting,

etc.) for different materials. Recently, an inexpensive method (Ecoplate) for conformally

coating any materia! with metallic or metal alloy layers at room temperature has been

developed. In this process, a spray of moiten metal at controlled temperature and velocity

instantaneously cools on incidence with a substrate and forms a conformal layer covering the

entire or part of a part.

The EM conductive shield can also be deposited onto a substrate such as a polymer (e.g.

mylar, polyimide, polyurethane, plastics, etc.), rubber, etc. and the conductive iayer coated

polymer be applied to the inside or outside of the part. Anti-static bags &r& an example of a

metaiized polymer material. Aluminum is commonly used for this application.

[00331] In another embodiment, the PCB boards, electronics components, and the

coils in the charger or power supply and/or the receiver are covered by a nonconductive layer

(such as a dielectric, paint, etc.) and then covered completely or locaiiy by a conductive iayer

of appropriate thickness either directly deposited on the board and the electronics or

indirectly with a polymer or similar backing (as described above).

[00332] The optimum thickness of the conductive materia! is highly dependent on its

conductivity. By choosing the materia! composition and thickness, one can obtain the

desired combination of EIvI noise suppression and transmission of fundamental frequency,

[00333] It is also possible to combine conductive layer materials and thicknesses to

construct a more tailored frequency response. Such an approach is commonly taken in the

optical domain to fabricate wavelength dependent filters.
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[00334] In those embodiments wherein the conductive layer covers the charger or

power supply and/or receiver cot!, it may be desirable to generate an EM field with a charger

or power supply coil and then, after passing the emitted field through such a conductive

layer, turn it back to DC power through the receiver coil and rectification. Since the

conductive layer is a frequency dependent filter, in this process, this removes or weaken any

higher frequency signals and enables the receiver to receive a cleaner, and depending on

the design, more sinusoidal signal. Such high frequency noise is often related to not-only

EiVlS disturbance and lack of signal to noise ratio in the electronic device to be charged. In

addition, the higher frequency noise causes non-optimum operation of the receiver and

possibly heating of the receiver or other components. By removing the generated noise,

electrical and thermal/en vironr πental performance of the charger or power supply and

receiver system may be improved

[00335] Such a physical filtering of an electrical system is analogous to a n optical

signal being filtered in the wavelength domain (by an optical filter, grating, etc.) before

reaching a receiver. The SNR and efficiency of the system is improved in this way.

Use of Magnets for Alignment of the CoUs

[00336] Figure 55 shows a method for obtaining local alignment independence

between the coils in the charger or power supply and the receiver are shown therein. In

accordance with an embodiment, by using small magnets behind (on the side opposite to the

side facing the surface of the charger or power supply) the center of each coil in the charger

or power supply, and behind (on the side opposite to the side facing the surface of the

charger or power supply) the coil in the receiver, such that the magnets attract each other, a

charger or power supply system can be provided wherein the user can easily find the location

where the charger or power supply coil is located, without providing any physical features

and/or marking on the surface of the charger or power supply. This may be advantageous in

enabling charger or power supplies which can be used with any device to be charged without

need for special alignment o r size features. This allows charging of any si2e and shape

device and/or battery. In this geometry, shown in Figure 55, the magnets can be thin flat or

other shape magnets placed at the center of the coil and allow the device o r battery to be

charged to be rotated around the charger or power supply coil with no effect.

[00337J As described above, by enabling the coil in the charger o r power supply to

move laterally (and somewhat vertically) in the plane of the charger or power supply surface,

automatic alignment of the charger or power supply and device and/or battery coil can be

achieved when a device and/or battery is laterally brought close to the center of the charger

or power supply coil.
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[00338] If magnets used for this application are electrically conductive, then some of

the field generated by the coil will generate currents in the magnet and heat the magnet,

decreasing the efficiency of the system and generating unwanted heat. This effect especially

becomes important as the field strength of the cot! is increased for higher powers,

[00339] In accordance with some embodiments, methods for dealing with this problem

can be included, such as:

• Since the currents are created by eddy currents generated in the magnets, use of

non-conductive and/or low conductivity magnetic material can improve this condition.

• The magnet can be constructed of thin flat magnet material with laminate in between

the layers to decrease the current flow and loss of power.

[00340] Figure 56 show an embodiment in which the magnets can be broken or

divided into sections, such as semi-circles with a gap or non-conductive material in-between

to avoid current circulation. By having each set of magnets behind a coi! to be made of two

or more sections, the electrons are disrupted from circulating and generating strong eddy

currents leading to heating and power loss. In this figure, each set of magnets behind a coil

are made of semi-circular magnets. The poles of the magnet are aligned with the South or

North pole facing the surface of the charger or power supply. The magnet in the device or

battery have the opposite polarity so that the magnets of the charger or power supply and the

device and/or battery attract. By having each set of magnets behind a coil to be made of two

or more sections, the electrons are disrupted from circulating and generating strong eddy

currents leading to heating and power loss. In Figure 58, each set of magnets behind a coil

are made of two semt-circular magnets.

[00341] Figure 57 shows an embodiment in which one or more alignment magnets

can be used behind each coil. However, in accordance with an embodiment the magnets

are placed such that each magnet does not cover n area extending beyond the center of

the coil. In other words, the surface of the magnet does not cover the center of the coil and

thereby does not allow circular currents to be set up in the magnet as effectively. In this way,

the eddy currents set up are much weaker and much smaller power dissipation in the

magnets occurs. Alignment magnets at center of charger or power supply and device and/or

battery coils for alignment of the two coiis are attached to the back of the coils in such a way

that the area of the magnet does not extend beyond the center of the coil. In this way, the

eddy currents created are much weaker and much less power is lost to the magnets In this

figure, two magnets are shown per back of each coil (four total for a pair of charger or power

supply and receiver magnets). However, any number of magnets from one to many can be

used.
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Additional Applications - Charger/Power Supply with Se5f-Powered Operation

[00342] Figure 58 shows an illustration of a device for inductive power charging that

includes an interna! battery for self-powered operation, in accordance with an embodiment.

As shown in Figure 58, an inductive charging unit such as an inductive pad 360 includes a

rechargeabie battery 364, The unit is normally operated with, or is occasionally coupled to,

power input from an electrical outlet, or from a dc source such as a standard automobile 12

volt dc outlet, or from an outlet in an airplane or an external dc source, or from another power

source such as the USB outlet from a computer or other device Aiternattveiy, the power can

come from a mechanical source such as a windmill, or a human-powered crank handle. The

unit can include coils 362 that are energized to transfer power to receiver coiSs in mobile

electronics devices such as mobiie phones, MP3 piayers, radios, cd players, PDAs, and

notebook computers. At the same time, the input power charges the rechargeable battery

inside the unit itself. When the external power source to the unit is disconnected, or when no

input power is provided, the unit automatically switches its operation from its charged internal

battery. Alternatively, the unit's operation can be switch-operated by user in this way, users

can continue to charge their devices by placement on the unit without any outside power

source. This use can continue until the external power is restored or until the internal battery

is completely discharged.

£00343] The ability of the unit to continue charging depends on the capacity of the

battery included. Thus, for example, with a 1500 mAH interna! battery, the unit is able to

charge a mobile phone with a 1000 mAH battery completely if the losses due to conversion

efficiency, operation of the circuitry in the unit, and other losses are up to 500 mAH.

|00344] In other embodiments of an embodiment, the unit can be powered by other

power sources such as a fuel cell that generates power from methanol or other sources. The

unit can also be connected to the electric grid through an outlet or to an external DC power

source such as power from an outlet in a car or airplane or be itself charged or powered

inductively by another unit. However, when not connected to outside power, the unit can be

powered by its internal power generator from the fuel cell and can charge devices placed on

it inductively.

[00345] Figure 59 shows an illustration of art alternate embodiment of art inductive

charger or power supply unit or pad 370 with a solar cell power source for self powered

operation, in accordance with an embodiment. As shown in Figure 20. the surface of the unit

can be covered by a solar panel or solar ceil 378. In normal operation, the unit can be

pow βrβd-up or charged by connection to an electric outlet or external DC source. But without

external electric power, the pane! generates electric power that is used to power the charger
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or power supply which in turn can charge devices placed on if through the inductors in the

unit. In some embodiments the unit can also include a rechargeable battery 374 that can be

charged when the unit is either connected to externa! electric power or charged by the solar

cells on the surface of the unit. This battery can then operate the unit when the unit is either

not connected to external electric power or the solar eel! is not generating enough power to

run the unit such as during operation at night.

[00346] Figure 60 shows an illustration of an inductive charger or power suppiy unit

with an incorporated communications and/or storage unit, in accordance with an

embodiment. As shown in Figure 21, in accordance with some embodiments the charger or

power supply, including for example the regular charger or power supply 380, and the solar-

cell powered charger or power supply 382, can further comprise an optional communications

and/or storage unit, for storage of data and transmission of data to and from a mobile device

being charged. Examples of components that can be incorporated include Bluetooth, Near-

field Communications (NFC), WiFi, WiMax, wireless USB, and proprietary communications

capabilities, including means of connecting to the Internet.

Additional Appiications Inductive Charger Applications and Kiosk

[00347] The technology described herein may also be used for other appiications. in

some applications, it may be desirabie to buiid the inductive (as described above) or wire free

charger or power supply into a case for an electronic device, a briefcase, or other carrier

such as a box, holder, or container in a car or other wise. An example can be a brief case,

hand bag, or back pack where the bottom part or the outside surface has an integrated

charger or power suppiy. Any device enabled to receive power from such a charger or

power supply (device containing coiis and the appropriate electronics to receive power or

with appropriate contacts for wire free charging) can be placed on or inside such a briefcase

and be charged. The charging circuitry can be powered by plugging the briefcase, handbag,

or back pack into an outlet power or having internal batteries that can be charged through

power from a wai! plug or by themselves being inductively charged when the briefcase,

handbag, or backpack is placed on an another inductive or wire free charger or power

suppiy. Uses can be applied to any bag, container, or object that can be used to essentially

charge or power another device. This first object can itself be charged or powered through

an outlet directly by wires or wirelessly through an inductive or wire free charging system. As

an alternative, the first object (the charger or power suppiy) can be powered by solar cells,

Fuei cells, mechanical methods (hand cranks, pendulums, etc.).

[00348] In ail of the above case, it is possible for the functions of the inductor or wire

free charger or power supply and the power source for the charger or power supply (battery,
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fuel cell, solar cell, etc.) to be separated. Furthermore, in some cases, the charger or power

supply part can be separated from a portable power source to operate it (such as a

rechargeable battery) which is n turn powered or charged by another source (power outlet,

fuel ceil, solar cell, mechanical source, etc.). The three parts can be in the same enclosure

or area or separate from each other.

[00349] An additional example may be an after market inductive or wire free charger

or power supply for a car where the inductive or wire free charger or power supply or pad

including a solar ceil on the pad or in another area and connected to the pad by wires is used

to charge mobile devices. Such a device placed on the dashboard or tray between seats or

a special compartment can be used to charge a number of devices such as phones, MP3

players, cameras, etc. Devices such as GPS navigation systems, radar detectors, etc. can

also be powered from such a device in another application, mugs, cups, or other containers

with a receiver circuitry and means of heating or cooling the contents can be used in

combination with the inductive charger or power supply to keep the contents hot or cold. A

dial or buttons on the cup or container can set the temperature. The charging device or pad

can also contain rechargeable batteries that allow the device or pad to store energy and

operate in the absence of any external power if necessary.

[00350] Other applications of this technology include clothing, jackets, vests, etc. that

have an integrated inductive charger or power supply such that a user can power or charge a

device by simply placing it on or near a pocket or an area where wireless inductive power is

available. The jacket or clothing can in turn be powered by solar cells, Fuel cells, batteries,

or other forms of energy. It can also be powered by batteries that are recharged through

solar cells sown onto the clothing or be recharged by placing or hanging the clothing item on

a rack or location where it is recharged wirelessly or inductively. By using inductive charging,

the user does not have to plug in devices into individual wires and connectors at the

appropriate jacket pocket.

[00351] In some cases, it may be desirable to build the charger or power supply or the

secondary part (receiver for a charger or power supply) into the protective case of another

device. For example, many products exist today that are after-market or optional items such

as a skin or case for a music player, phone, PDA, or notebook computer. In one

implementation, the case or skin can contain the electronics and the coil necessary to allow

the device to be charged or charge other devices or both. The charger or power supply can

be powered by the device if is attached to or can receive power from a separate source such

as a solar cell, fuel ceil, etc. that is integrated with the charger or power supply or in another

location and electrically connected to the charger or power supply. For example, in a

briefcase, while the charger or power supply is inside the briefcase and can charge devices
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inside, the surface of the briefcase can have solar cells that power the charger or power

supply inside. The briefcase can aiso contain rechargeable batteries that store power

generated by the solar ceiSs and use them when necessary to charge devices inside.

Similarly, the charger or power supply can be built on the outside or inside surface of the

case and charge devices piaced on or near the surface.

[00352] It is also possible to provide a charger or power supply with modular

components that allow other capabilities to be added later or simultaneously as an option. In

one embodiment an inductive charging pad that contains a rechargeable battery can have a

separate top surface module or ali around cover or skin that contains a solar cell array and

simultaneously electricaiiy connect to the charger or power suppiy pad to enabie the battery

internal to the unit to be charged without any externa! power input. It is also possible to have

the cover or the outside skin to provide other capabilities such as communications, or simpiy

provide a different look or texture so that the pad fits in with the user's taste or decor.

[00353] Figure 8 1 shows an iiiustration of a kiosk that incorporates an inductive

charger or power supply unit in accordance with an embodiment. A s shown in Figure 8 1 : the

kiosk 390 includes a control screen 392 and an inductive charging pad 394, to aiiow

individuals to walk-up and purchase an occasionai charge for their mobile device. Currently,

the usage mode! of typical mobile user consists of charging their most essential device

(phone, MP3 player, Bluetooth headset, etc.) during the night or at the office or car. In cases

where the user is outside their environment for a long time such as traveling, this may not be

possible. A variety of public mobile device charging stations have appeared that allow the

user to charge their device in a public setting by paying a fee. A n inductive or wire free

public charging station or kiosk would allow the user to place their mobile device that is

'enabled' (i.e. has the appropriate receiver or components to allow it to receive power from

the charger or power supply) on or in the wire free or inductive charger or power suppiy

station and charge the device. The customer can pay for the service or receive the service

for free depending on the service providers' approach. The payment can be cash, credit

card, debit card, or other methods.

[O03S4] In accordance with an embodiment, a single pad with multiple stations can

charge multiplicity of devices simultaneously. The user may be asked to pay for the service

before charging a device or the service may be for free. Alternatively, each charging station

can be in a compartment and the device is secured by a door that can only be opened

through a code given to the device owner when charging starts or payment occurs. The door

can also be secured by a combination lock or physical key.

[00355] Alternatively, the charging station or kiosk can be open and not physically

secure but when the user pays for the service, a code is issued. The user proceeds to place
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their device to be charged but when the charging ends or the user wants to pick up the

device, the code must be entered first. If no code is entered, an aiarm is sounded or the

device is deactivated or some other warning occurs In this way, a thief or the wrong user

can not remove the device without attracting attention that may act as a deterrent, A

combination of the above techniques may be used in implementing a public charging kiosk,

[0035S] Since a typical charging process can take up to 30 minutes or more, it is

possible to aiso synchronize data, downioad songs, movies, etc. into the device during this

time. Many of current mobile devices have Bluetooth or WiFi capability. Other

communication protocols such as WtMax can increase the data rate further. By combining

the charging and information transfer process, the service provider can charge for additional

services. In addition, if a camera is being charged and has wireless capability, it can

download the pictures or movies to a designated website or online storage area or be

©mailed to a designated email address while charging. In this way, a traveler can

simultaneously charge a camera while downloading the contents of its memory to a location

with larger memory. This would enable the traveler to free up limited memory space in their

camera or other mobile device. Such a service would enable devices that have limited or

short range wireless communication capabilities (such as mobile phones, MP3 players,

cameras, etc.) to be able to connect to the internet and send or receive data indirectly. It is

important to recognize that without the charging capability, a device conducting such

downloading or synchronization through an intermediate device (Bluetooth to internet

gateway for example) often run out of power due to the length of time this takes. In this

manner the charging capability of the kiosk enables a more effective operation.

Additional Applications - Inductive Charger Applications and Kiosk

[00307] With increased functionality in mobile devices, there is an ever-increasing

focus on maximizing the battery life. Currently, the rate of increase of power usage

continues to outpace new and improved battery technologies. Given the desire to minimize

mobile device size, the battery power limitation has required some mobile device

manufacturers to begin shipping mobile devices with several batteries and a desktop charger

to keep ail of those batteries regularly charged. The user is sometimes expected to change

the batteries for the device during the day while using the device. Such a situation is not

ideal and puts the burden on the user to carry multiple batteries, and to keep those batteries

charged,

[003S8] Methods for extending the battery life in mobile devices, but which do not

greatly increase the size and weight of the mobile device, are extremely useful for new power

hungry enhanced multi-media mobile devices. By way of example, one solution that has
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been proposed is described in U.S. Patent No 6,184,854. However, such a technique and

geometry is incompatible with the variety of mobile devices and connectors in use today, and

requires the user to piug the device into a connector inside the holster whiie fastening it to

hold it securely.

5 [00309] Described herein is a system and method for extending the battery life of

mobiie devices by integrating a wireiess charger into the case, carrier, or holster for the

device. The system and method has the advantage of keeping the size and weight of the

mobile device iow while enabling the user to automatically recharge the device when placed

in the case thereby dramatically increasing the device run time.

JO [00360] In one embodiment, the case recharges the mobile device inductively, and

can itself be recharged by an inductive base charger. Various embodiments including

additional integrated functionality such as data storage and communication in the case are

aiso described herein.

[00361] Figure 62 illustrates some common regular (non-charger) mobile phone

J5 holders types, including a belt holder 1000 and case 1002.

Powering f o fo i Devices and Inductive Charging Case

[00362] Mobile devices continue to converge and to combine multiple functions and

protocols into ever-smaller packages While mobile TV, radio high resolution cameras,

0 GPS etc. are becoming standard in many mobile phones, the power usage of the devices

continues to rise. One solution that has been applied to several devices is the use of

external battery packs.

[00363] Figure 63 illustrates various products for a music player, (e.g. an iPod or MP3

player) that include an external rechargeable battery pack.

5 [00364] As shown in, the external battery pack provides extra running power for the

device when it is plugged into the music device and clipped to its back by providing power

through the battery pack's internal higher capacity batteries. However, this battery pack is

expected to remain connected to the device at all times and increases the size and weight of

the device considerably. This is very undesirable from the customer perspective and inhibits

0 mobility/use and adoption.

[00365] In accordance with embodiments of an embodiment, the battery power of the

mobile device is extended by providing a holster, case, pouch, bag, wallet, or an equivalent

holding, carrying, or storage device (which for convenience are herein referred to as a

"case") for the mobile device {e.g. mobile phone, Bluetooth headset, camera, laptop, PDA,

5 MP3 player, game player, etc.). The case can incorporate one or more rechargeable

batteries, and one or more inductive charger or power supplies. A mobile device can be
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'enabled' to receive power inductively by providing a receiver (such as a coil, etc.), and

circuitry integrated by the manufacturer, or by a battery with a built-in receiver, or by a plug-in

unit to receive power, etc. A suitabiy enabled device can thus receive power when placed in

the case, in accordance with some embodiments, the case can aiso incSude means of

recognition of the device automatically by, for exampie, RFiD, Feiica, detection of coii from

change in the case s coil's induction, or by verification using proprietary techniques, etc. in

some embodiments, the system or coil can be enabled to turn on automatically as necessary

and to begin charging the device. Alternatively, the case and/or coils can turn on when a

device is placed in it by sensing the presence of a device through a magnetic, mechanical, or

other form of switch. Alternatively, the case can include a mechanical or sensory switch that

must be manually activated by a user to begin charging the device.

[00366] In accordance with some embodiments, the case can accommodate more

than one device. For example, the case can include a location for a Bluetooth headset and a

mobile phone. Either or both of these devices can be inductively charged by the case when

placed inside the case. This enables the user to have a simple way to carry both parts or

devices together, and to extend the battery capacity of both without needing them to be any

larger, thus providing great advantages for the consumer.

[00367] In accordance with an embodiment, the batteries inside the inductive charger

case can themselves be charged by either a regular charger/power supply, or through

another inductive charger or power supply. For example, a desktop inductive charger can

charge the inductive charger case, and simultaneously charge the mobile devices (mobile

phone, Bluetooth headset, camera, etc.) or battery. Alternatively, the desktop charger or

power supply or base can be designed so that it can also charge the mobile device directly

when the device is placed on it (without any case present). As described above, the

inductive case can aiso be designed so that it will charge its internal batteries, and the

devices inside, when it is connected to a regular power supply/charger.

[00368] Some embodiments of the case can include data storage, communication or

other capabilities (for exampie, GPS, WiFi, etc.).

[00369] Figure 64 illustrates a multi-function device that includes a hard drive,

rechargeable battery, Bluetooth, and WIFi connectivity.

[00370] Typical multi-function devices such as that shown in Figure 64 are of the size

of a credit card and about 10mm in thickness. The multifunction device allows a mobile

phone user to store the majority of their digital data (pictures, movies, music, etc.), and to

have that data available wirelessiy on their mobile devices. The mobile phone and

multifunction device can also connect wireiessiy to a computer or laptop, for download or

upload of information.
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[00371] In accordance with an embodiment, a multifunction device such as that shown

in Figure 3 can be integrated into the case, and can have a wireless charger or power supply

built into it. Once a mobile device is placed into the case or on the modified multifunction

device, it can establish communication, and/or can be charged simultaneously. Since a

5 typical multifunction device already has internal rechargeable batteries, the same batteries

can be used to power the charger for the mobile device. The multifunction device case can

also be charged wirelessly (using an inductive charger or power supply pad or similar

device), or through conventional means.

[00372] In other embodiments, the wireless charger or power supply case can be

JO integrated into a compartment in a briefcase, handbag, backpack, carrier, clothing,

automobile, airplane, or other transport vehicle, etc. Some of these are applications are

described in further detail in copending U.S. Patent Application titled "INDUCTIVE POWER

SOURCE AND CHARGING SYSTEM"; Application No. 11/869,1 13, incorporated herein by

reference.

15 [00373] Figure 65 illustrates a system for use with a charger or power supply case to

inductively power or charge a mobile device. As shown therein, an inductive charger or

power supply base or pad charges a case, holster, or other small, portable charger that in

turn can charge or power a mobile device or battery placed in proximity to it. The second

part (charger case) can be a stand-alone device or be integrated into another device, as in

0 the case of the multifunction device example described above In other embodiments, the

charger or power supply case can be charged or powered through a conventional, wired

charger or power supply, In accordance with an embodiment, the system comprises:

[00374] Inductive Charger or Power Supply Base; In accordance with an embodiment,

this part can be a stand-alone charger or power supply or desktop charger or power supply

5 that comprises a Field Effect Transistor (FET) that periodically turns the current through a coil

on and off. In one embodiment, for a typical 9 turn PCB coil with 1" diameter, a drive

frequency of 1-2 MHz is ideal, and the power transfer efficiency is increased when a

capacitor of appropriate value is placed in parallel with the FET. When the circuit is driven at

a resonant frequency, the amount of current through the FET can vary greatly by proximity of

0 another coil (L2) to Ll To allow the system to operate automatically, a current sensing

system can be used to sense the secondary (L2) being in close proximity to the primary (L1).

In other embodiments, a separate circuit for positive identification of a device to be charged

being in proximity can be integrated. These can include wireless identification systems such

as RFID 1 Felica, Bluetooth, WiFi, WiMax, etc. In another embodiment, the system of the

5 charger or power supply case can be designed so that a chip in the charger or power supply

case (near L2) senses an input voltage and modulates the current through L2 in a pre-
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programmed manner. This results in a modulation in the current in 1 1 that can be sensed

with the current sensor and positively identifies the charger or power supply case and

initiates power transfer and operation if the pattern matches a pre-storβd pattern for

verification. In some embodiments, the inductive charger or power supply base can have the

shape of a formed piece that the inductive case would fit into, or a pad for placement of the

inductive case and/or mobile devices or both

[00375] Inductive case: In accordance with an embodiment, the case has means for

receipt of power inductively (from the charger or power supply base} and charging another

device (or number of devices) inductively. Alternatively, it may be possible for the case to be

designed so that it operates by being charged or powered directly by a wired power

supply/charger. The case has a receiver part that is connected to a battery charger circuit

that charges one or more internal batteries and simultaneously, can also operate the circuitry

in the charger or power supply case to charge a nearby mobile device or battery. The case

has charger or power supply circuitry similar to the charger or power supply base that can be

powered by its internal battery or the power from the charger or power supply base. The

case can in turn recognize a nearby mobile device automatically or through mechanical or

other means as described earlier and commence charging when a mobile device is placed in

or near the case/holster. In another embodiment, the charger or power supply case may

contain two or more charger or power supply sections so that several devices in the case

(e.g. mobile phone and a headset) can be charged simultaneously. As described earlier, the

circuitry/functions described here can be integrated into a device that also extends the

functionality to storage, WIFi or Bluetooth connectivity, etc In one embodiment, the batteries

in the charger or power supply case are identical to the batteries used in the mobile device

and are removable. In this case, the user may exchange the batteries between the charger

or power supply case and the mobile device (such as a mobile phone) in an emergency to

allow quick use of the mobile device without waiting for the charging of the mobile device to

occur. This can provide an additional desirable feature for the user,

[00376] Mobile Device Receiver: In accordance with an embodiment, the mobile

receiver part comprises a coil and circuitry that can be either integrated into a mobile device

by the manufacturer (i.e. an OEM), integrated into a battery that can be swapped with the

original battery to enable a mobile device to receive power inductively, or provided as a plug

in unit that plugs into the existing power jack of a device and has the coil and the circuitry to

enable the device to receive power inductively. Alternatively, the receiver can be built into a

jacket or skin for a device that plugs info the device and allows the device to become

'enabled'. Variations of these are described in further detail in copending U.S. Patent

Application titled INDUCTIVE POWER SOURCE AND CHARGING SYSTEM"; Application
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No 11/689,1 13, The above-referenced patent application also describes the use of

attracting magnets placed at the center of n inductive charger or power supply's PCB coil,

and the center of the receive coil, to align and center the two parts conveniently. Such

techniques can be used in the base to case coil alignment, or the case to mobile device

aiignment or both. Sn addition, the alignment can be achieved through visual or mechanical

marks, indentation, or mechanical design of the parts to enable easy alignment.

Heat Reduction and Dissipation

[00377] In order to generate the magnetic field for an inductive charger and/or power

supply, a coil made of wires or printed on PCB is typically used. Such a coil can be in a

simple way, modeled by an inductive and resistive element in series. The resistance of the

coil can be estimated by using the dimensions of the wire or PCB trace, its length, and the

resistivity of the material used (such as copper). At higher frequencies, the resistance

increases due to the skin effect whereby the electrical current travels near the surface of the

wire or trace rather than throughout its cross section, thereby decreasing the wire's or trace's

effective cross section in order to obtain reasonable inductive values, several turns of wire

or PCB trace are necessary.

[00378] For example, in a PCB spiral coii of 1.25"diametβr, about 10 turns are

necessary for a 1 micro Henry inductance value. To design a high efficiency inductive power

transfer coii, the resistivity of the coii must be minimized while the resulting induction is kept

at desired levels it must be noted that any heat generated at the coil will increase the

resistivity of the coil materia! in turn leading to higher heat generation and temperature

increase. To avoid this positive feedback for heat generation, the main methods for

reduction of temperature at the inductive coil include reduction of heat generated and

dispersal of heat away from the coil.

[00379] In addition, electronic devices generally need to satisfy reguiatory and safety

requirements which include the requirement not to interfere with the operation of nearby

devices. For an inductive charger and/or power supply that creates a time varying magnetic

field to transfer energy to a receiver, care must be taken to keep the level of interference to

below allowed limits.

[00380] In general, the magnetic created by a small coil <~1 "diameter) of several turns

when it is driven by an electrical voitage at around 1 MHz, does not radiate more than

severai mm beyond the coil and is confined to the near field. To reduce the effect of such

radiation (for example, as provided in Near Field Power™ radiation devices) at higher

frequencies, which are of bigger concern for most devices, the driving voitage of the circuit

must be made to have weaker higher harmonics.



Attorney Docket; AFPA-01013WO0

[00381] Another concern for generation of Electromagnetic interference (EMi) is the

electronic circuitry and switching Field Effect Transistor (FET) incorporated in the circuit.

Such components can be additional noise sources. Described herein are some ways of

reducing the effect of above EMI sources.

[00382] Another important factor in efficient operation of an inductive charger/ power

suppiy is the alignment of the charger/power supply coi! and the receiver coi! in the device to

be charged/powered. Various methods of alignment of the coiis using magnets have been

described in prior applications in addition, also described are the use of moving coiis and

other methods by which severai coils or dusters of coils can be used to provide position

tolerance between the coils for efficient power transfer.

[00383] In accordance with an embodiment, to reduce the temperature increase at the

inductive coil, severai methods can be used.

[00384] In accordance with an embodiment, the coil can be optimized by using the

minimum number of turns necessary thereby decreasing the length and resistance of the coii.

The diameter, thickness, or width of the wire or PCB trace can be optimized to provide

optimum resistance.

[0038S] For coiis such as PCB coiis discussed above, the magnetic fieid created is

strong inside the coil, and drops very rapidiy as the radial distance to the center of the coii

exceeds the radius of the coil This dependence can be verified using electromagnetic

modeling (such as described in Xun Liu; HuL S.Y., Optimal Design of a Hybrid Winding

Structure for PSanar Contacfless Battery Charging Piatform, IEEE Transactions on Power

Electronics, Volume 23, Issue 1, Jan. 2008 Page{s);455 - 463), and aiso by experimental

means. The heat generated at the coii can be dispersed away from the coii by use of high

heat conductivity PCB substrates or materia! for the coiis. Since the magnetic field is minima!

in the area outside the coii, use of high conductivity metai iayers wil! not have a iarge effect

on the fieid and wiϊi not create undesirable eddy currents. Therefore, the surface of the area

surrounding the coii can be designed to have metal or other materia! that have high heat

conductivity and remove the generated heat rapidly,

[00386] Figure 66 is an illustration that shows a geometry for an arrangement 1030 in

which the area surrounding a PCB coil is designed to have meta! on the top, bottom or

another layer of the PCB. As shown in Figure 66, the area surrounding a PCB coi! is

designed to have meta! on the top, bottom or another layer of the PC8 The metal pattern

can be incorporated at the same layer as the coii or a separate PCB layer. This metai layer

can be continuous or have a gap in one area to avoid generation of eddy currents due to

circulating eiectrons due to magnetic fields generated by the coii. in a typical PCS, the coil

and the metai layer are made of copper. In this manner, any heat generated at the coii is
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dispersed laterally rapidly and thus does not result in large temperature increase. In

accordance with an embodiment, such a PCB can be itseSf the top layer of an inductive

charger in which case, any heat carried away by the metal layer can be additionaiiy

evaporated to the surrounding environment, Aiternativeiy, the heat can be further dispersed

by removal to another area or surface or use of eSements such as fins or slits. Similarly, the

receiver coil and the circuitry for receiving power that is integrated into a device, battery,

outside carrier of an electronics device, etc. can have a similar geometry to enable dispersal

of heat generated.

[00387] In accordance with an embodiment, for typical applications with a PCB, the

metal layer can be made from copper materia! similar to that of the PCB coil itself and it is

desired to have sufficient thickness to provide a low thermal conductivity path for the heat.

For example, a copper layer of several microns or even 10s of micrometers can be used.

[00388] Any such high thermal conductivity or metal layer may begin at the edge of the

PCB coil or with a gap to the PCB coil. Since the layer is not covering the PCB coil, it may

not cause eddy current loss in the layer. In those instances that eddy currents are

generated, a gap in the metal iayer as shown in Figure 66 can be used to reduce the effect of

circulating currents, and reduce the resultant heating and power draw. In accordance with

an embodiment a metal layer can be used on top of the coil (with a thin non-conducting layer

or dielectric in between) if its thickness is smaiS. For example, in previous applications as

referenced above, the use of a thin iayer of metal (several micrometers) on top of a PCB coil

was described to act as an EMI shield for high frequencies while transmitting low (around 1

MHz and below) frequencies of the inductive charger. Such a layer may also be used in

addition to the metal iayer surrounding the coil to facilitate heat dispersal

[00389] Figure 6? is an illustration that shows, in a multi-charger or power supply

where multiple coils are used, such a high heat conductivity iayer 1040 may be repeated

around each coil or cover all areas between the multiple coils.

[00390] Figure 68 is an illustration that shows a similar method may be used for heat

removal from wound coils of other shape and type 1050, 1058. in accordance with the

geometry of this embodiment, to facilitate heat removal from a coil that may be a wound coil

around a core, the coil may be attached to a high heat conductivity iayer or a metal layer. In

the case of a metal layer, such a layer can be designed to be in the area surrounding the

outside of the coil to avoid interference with the field generated inside the coil. Similarly, to

avoid eddy currents, the metal layer or the core of the wound coil or both can have a gap or

discontinuous portion to reduce circulating currents.
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[00391] In above examples, a metal or high heat conductivity layer has been shown.

Figure 69 shows an illustration of an embodiment 1060 in which the layer can be patterned

to provide heat conductivity channels rather than a continuous layer if needed

[00392] In accordance with any of the above geometries, additional means of heat

removal such as use of fins, fans, additional surfaces, heat pipes, thermal grease, thermally

conductive epoxies, etc. can be incorporated to facilitate heat removal in addition, it is

possible to incorporate heat conducting layers, such as ceramics or polymers can be

incorporated below or above the main PCB to help in heat removal.

[00393] In the above discussion, round shape coils are generally shown. It will be

evident that the techniques described herein are appiicabSβ to coils of other shape or multiple

coils in a duster or separated to power or charge separate devices. In many instances, the

increase of the temperature at the center of a PCB coil is largest. To remove this heat in

accordance with an embodiment the surface of the charger or a layer behind the coil that

contains high heat conductivity materia! can be used to disperse the generated heat laterally.

An example of such a layer is ceramic material. High alumina ceramics can provide high

heat conductivity and low electrical conductivity, which characteristics are important for this

application.

Reduction of E from Jnducttve Charger and/or Power Supply

[00394] An advantage of the metal layers discussed above is that any EMI generated

inside the inductive charger or power supply will be greatly shielded from the outside and will

be attenuated outside the charger or power supply device by the metal layer,

[0039SJ Additionally, in the above geometries, the metal layer on the top layer can be

made to contact electrically to other metal layers on the side and/or bottom of the charger

and/or power supply, thereby forming a box or other enclosed shape where only the coil is

not covered by metal. Such an enclosure will greatly attenuate EMI from the switching

electronics or other parts in the charger. To reduce the effect of the potential eddy currents

generated in the metal box due to the magnetic field, in some embodiments it is useful to

eliminate use of metal directly below the coil area where magnetic fields may exist. In

addition, to avoid generation of eddy currents in the walls of the metai box or similar outside

surface, the wall can be cut in one or more location so that a continuous metal circuit or ring

is not formed, and does not allow the electrons to circle unimpeded. This gap can be filled

with a non-conductive material to provide rigidity.

[00396] In the geometries shown above, it is possible to use a PCB whereby the coi! is

formed in one area and the electronics is on the same PCB. Sn accordance with an

embodiment, to provide shielding and heat dissipation discussed above, the metal layer
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around the coil may be in a layer on fop (closer to the outside surface) of the PCB, For

example, the coil may be formed on the top layer of the PCB aiong with the heat dissipation

and/or EMI shield layer and the PCB electronic components may be on the bottom layer of

the PCB, Alfernafiveiy, the metal layer can be in a separate layer in the middle or even the

bottom layer with the PCB electronic components. However, the EM! shielding effects from

the electronics components will be reduced if the metal layer surrounds the electronics area

and does not provide an eiectrical barrier directly above it.

[00397] Figure 70 shows an illustration of the electronics for the PCB coil inductive

charger and/or power supply or the inductive receiver as fabricated on the same PCB as the

coil in accordance with various embodiments 1070, 1076. The electronics in this case may

be at the bottom layer, whiie the coil and the metal layer surrounding the coil are on the top

layer and shield any electronic noise generated by the electronics from the outside

[00398] Any of the shapes and geometries discussed above are equally appropriate

for incorporation into the charger and/or power supply coil or the receiver coil and for

dispersal of heat and reduction of EM! from a device to be charged/powered inductively as

well as the coil in the charger/power supply itself.

Magnetic Alignment of Coils

[00399] In accordance with an embodiment, to enable efficient power transfer in an

inductive charger and/or power supply, the coiis in the charger and/or power supply and the

receiver must generally be aiigned with on another.

[00400] Figure 7 1 shows an embodiment 1080 in which magnets placed at the center

of a stationary coil or a moving, floating charger and/or power supply coil and the receiver

coil can provide a method for alignment of the coils and to achieve this result.

[00401] A problem with this method is that, since the magnetic material is composed

of electrically conductive materia!, eddy currents can be generated when the coils are

operated to generate a time-varying magnetic field. This can cause lost power and can also

cause heating in the magnets which is not beneficial

[00402] To address this problem, Figure 72 illustrates an embodiment 1090 in which

two or more magnets that do not cross the center of the coil are used. This geometry

reduces the eddy currents created great y in accordance with an embodiment, the system

can use an alternative magnet geometry that provides a simple and inexpensive method for

alignment of coiis. In addition, this method provides for a considerable amount of alignment

tolerance when placing a device on the charger and/or power supply.
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[00403] To provide alignment magnets that will not draw current due to eddy currents

created in them when a magnetic field is applied, in accordance with an embodiment the

magnets are piaced outside the PCB coil area

[00404] Figure 73 is an illustration of two embodiments 1094, 1098 that shows how

5 the magnets may be placed outside the PCB coi! area. The magnet shown in Figure 73

comprises a ring that surrounds the coi! or overiaps each coil such that little effect on eddy

current generation or loss is created. If any eddy current effects are observed, then in

accordance with an embodiment gaps can be inserted in the magnet ring by cutting after

manufacture or by inserting this separation dunng manufacture. In this manner the eddy

JO currents can be significantiy reduced or eliminated. The magnet in the case shown is

magnetized perpendicular to the surface of the ring. By attaching one magnet to around the

charger and/or power supply coi! and another magnet with opposing polarity to the receiver

coil, the two coils can easily be aligned with minima! effort by the user.

£00405] In addition, the use of a ring has the advantage of allowing circularly

J5 symmetric operation so that the two coils can be rotated with respect to each other with no

effect on charger/power supply operation or efficiency.

[00406] A typical geometry for the charger/power supply can comprise the PCB

shown in Figure 8 such that the coi! can be fabricated on the top surface of the PCB, and the

magnetic ring is attached to the bottom side of the PCB where the eiectronics may be

0 located. A similar receiver can have a magnet attached with opposing polarity so that whan

the receiver is brought close to the charger/power supply, the two magnets can attract and

pui! the coils into alignment. TOIh this geometry, the magnetic field of the coils create

attraction and alignment as long as the coils have any overlap.

[00407] For example for coils of 1.25" outside diameter and using ring magnets of

5 1.25" inner diameter, as long as the centers of the coils are less than 1.25" away laterally, the

coils can be brought into alignment when the two magnets are vertically (distance in the axis

perpendicular to the plane of the coil) brought close enough to allow the magnetic fields to

sense each other. Thus in this case, if the user brings the center of the receiver coil to be

within a circle of 1.25" radius of the center of the charger/power supply coil, the coils can

0 attract and provide automatic alignment of the parts.

[00408] For most applications, this amount of alignment tolerance is sufficient. By

using marks to outline the location for the coi! on the surface, this degree of tolerance allows

the user to piace a device or battery incorporating the receiver coil very easily into the right

location.

5 [00409] Examples of magnets that can be used include those manufactured from

various magnetic material such as Neodymium iron Boron, Samarium Cobalt, AINiCo,
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ceramics, bonded magnetic material, etc. The magnetic strength can be designed to provide

alignment or secure attachment without being too strong or difficult for separation.

[00410] Alternatively, the coils can be manufactured on the lower surface ciose to the

magnet and the electronics or can be manufactured on another layer in between. Various

geometries are possible In any case, the magnets can be used to align the two coils for

optimum operation.

[00411] In above description, ring shaped magnets are described. However, in many

cases, size and spacing requirements may require use of a different geometry.

[00412] Figure 74 shows an embodiment 1100 in which magnetic arc shaped parts

around a circular coii are used. This case may be combined with the matching magnet on

the other coil having the same shape or a ring shape similar to Figure 73. For example, in a

mobile battery application where the battery with an integrated inductive receiver is charged

by placement on an inductive charger pad, the size of the coil determines the received power

and may require the width of the battery to be equal or similar to the receiver coil. To allow

attachment of alignment magnets, two arcs as shown in Figure 9 can be attached to the coil.

In this case, the magnets can be placed in between the battery and the cos! PCB to allow the

coil to be on the top surface and therefore closest to the charger coil. The matching magnet

in the charger can be a ring or a similar set of arcs or another shape or size to facilitate

alignment If a ring is used behind the charger coil, then central symmetry between the two

parts is retained and the parts can be rotated with respect to each other while keeping

alignment for optimum operat ion

[00413] Other geometries are possible. For example, Figure 75 illustrates

embodiments 1120, 1126 in which the use of bar magnets on or around the coil is shown.

Such a geometry does not have the symmetry offered by a ring magnet. However, this may

be useful if only one dimension of alignment insensitivity is desired,

[00414] In any of the above geometries, use of two magnets with opposing polarity to

attract each other is described. However in accordance with some embodiments it is

preferable for one of the parts to be non-magnetized. This may be advantageous in cases

where it is not desirable for the mobile device to attract metallic parts when not being

charged or powered by the inductive charger/power supply. A n example may be a mobile

phone where it is not desirable for the phone to attract metallic objects during normal use. in

this case, the charger and/or power supply can contain a magnetized part and the other

matching part in the mobile device/battery, can be made of appropriate magnetic material but

not magnetized. For example, the charger/power supply may contain a magnetized ring as

described above and a mobile phone can have a matching ring or arc made of magnetic

material but not magnetized.
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[00415] In addition, it is possible for the charger and/or power supply magnet to be

activated electrically and be normally non-magnetized. For example, a wire winding or PCB

trace is placed around the perimeter of the power transfer coil and powered to create a DC

magnetic field for alignment of the two coils for power transfe r/charging in this way, neither

5 of the two alignment parts need to be normally magnetized and therefore eliminate any

concerns regarding unintended attraction of metallic objects or effects on magnetically

sensitive parts such as credit cards, etc. The generated magnetic field can be further

strengthened by using a non-magnetized magnetic material on or near the alignment trace

area.

JO [00416] A s an example, a circular path around the main charger/power supply PCB

coil can be powered by a DC current periodically o r when a user desires to charge or power

a mobile device. This can be done by the user or can also be activated automatically by a

sensor that senses the approach of an appropriate device to be charged or powered through

RF, optical, magnetic, or other methods. Once the magnetic field (such as a ring pattern as

15 described above), is generated it wiSI attract and align a magnetic meta! part or magnet of

appropriate shape in the mobile device or battery into the correct alignment and placement

and help the user place the mobile device in the correct position. Once the device is placed

in the right location, the DC magnetic field may no longer be necessary and can be shut

down or reduced to save power. Thus only for a very brief period this alignment magnet may

0 be needed. During other times, neither the charger and/or power supply or the mobile device

can be designed to have any magnetic field around them or contain weaker magnets.

[00417] The use of magnets as described above is especially useful for cases where

movement between the power suppiy and/or charger and the device or battery to be charged

or powered may occur. As an example, in an automobile environment, it is desirable to keep

5 a mobile device such as a phone from moving during charging. Thus the use of the magnets

described above, in addition to the above benefits, can enable use in moving environments.

In addition, in some cases, it may be beneficial to have the charger and/or power supply in a

position that is not horizontal. For example, a charger can be installed vertically. In this

case, the magnets can be designed to be strong enough to hold the mobile device or battery

0 in piace vertically during the charging or powering process.

[00418] In any of the above geometries, if any additional eddy currents are generated

as a result of the presence of the magnets, the effect can be minimized by fabricating the coil

from low electrical conductivity materials or ceramics, layering the magnet into thin sheets to

increase resistivity, using bonded materia! in an epoxy matrix, roughing the surface, cutting

5 gaps in the material to reduce circular motion of electrons, or other common techniques to

increase the resistivity. The magnet can also be manufactured from segments that are not
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electrically connected to prevent electrons to be able to trave! around a circular path. For

example, the ring magnet can be manufactured, formed or attached to the coils from two or

four ring arcs that are not electrically in contact or attached to each other, using a non¬

conducting epoxy to form a full ring, or parts of a ring,

[00419] In addition, the coils shown above are generally circular. However, the

methods and discussion above can be applied to coils of any shape and size as well as an

array or cluster of coils and can provide in performance of any size and type of coil.

[00420] The foregoing description of an embodiment has been provided for the

purposes of illustration and description. It is not intended to be exhaustive or to limit an

embodiment to the precise forms disclosed. The embodiments were chosen and described

in order to best explain the principles of an embodiment and its practical application, thereby

enabling others skilled in the art to understand an embodiment for various embodiments and

with various modifications that are suited to the particular use contemplated. It is intended

that the scope of an embodiment be defined by the following claims and their equivalence.

[00421] Some aspects of an embodiment may be conveniently implemented using a

conventional genera! purpose or a specialized digital computer, microprocessor, or electronic

circuitry programmed according to the teachings of the present disclosure. Appropriate

software coding can readily be prepared by skilled programmers and circuit designers based

on the teachings of the present disclosure as wii! be apparent to those skilled in the art.

[00422] In some embodiments, an embodiment includes a computer program product

which is a storage medium (media) having instructions stored thereon/in which can be used

to program a computer to perform any of the processes of an embodiment. The storage

medium can include, but is not limited to, any type of disk including floppy disks, optical

discs, DVD, CD-ROMs, microdrive, and magneto-optical disks, ROMs, RAMs, EPROIvIs,

EEPROMs, DRAMs, VRAMs, flash memory devices, magnetic or optical cards, nanosystems

(including molecular memory ICs), or any type of media or device suitable for storing

instructions and/or data.

[00423] The foregoing description of an embodiment has been provided for the

purposes of illustration and description. It is not intended to be exhaustive or to limit an

embodiment to the precise forms disclosed. Many modifications and variations will be

apparent to the practitioner skilled in the art. Particularly, whiie the embodiments of the

systems and methods described above are described in the context of charging pads, it will

be evident that the system and methods may be used with other types of charger or power

supplies. Similarly, while the embodiments described above are described in the context of

charging mobile devices, other types of devices can be used. The embodiments were chosen

and described in order to best explain the principles of an embodiment and its practical



Attorney Docket; AFPA-01013WO0

application, thereby enabling others skied in the art to understand an embodiment for

various embodiments and with various modifications that are suited to the particuiar use

contemplated. St is intended that the scope of an embodiment be defined by the following

claims and their equivalence.
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Claims;

What is claimed is:

1. A system for inductive powering and charging of portable devices or batteries,

comprising:

a base unit, including one or more primary coϊSs composed of a non-ferrite materia!

and shaped as planar spiral coils, which are capable of generating an inductive energy for

use in powering or charging multiple devices or batteries simultaneously;

a receiver unit, including a receiver coil also composed of a non-ferrite materia! and

shaped as a pianar spiral coil, which is coupled to or incorporated into a portable device or

battery wherein the secondary coil receives energy inductively from the primary coil and

uses it to charge or power the portable device or battery;

means within the base unit for allowing a degree of position independence of the

devices or batteries on the base unit and selectively activating the one or more primary coils;

and

wherein the base unit can simultaneously charge or power additional portable devices

or batteries with additional secondary coils.

2 . The system of claim 1 wherein the charger or power supply includes a plurality of

coils, and wherein the means for selective charging or powering is used to control the on off

operation of the coils in the vicinity of the portable device or battery.

3 . The system of claim 1 wherein the charger and a receiver in the device or battery

both include microcontroller units, wherein the microcontroller unit in the charger monitors

current flow, and wherein the microcontroller unit in the portable device or battery provides

communication between the charger and the receiver for use in controlling charging.

4 . The system of claim 1 , wherein the charger or power supply includes an additional

verification step prior to activating charging, to verify the identity or permissions of a device or

battery.

5 . The system of claim 1, wherein a plurality of coils are integrated into a pad-like

charger or power supply and wherein the coils are used to form a coil mosaic and an

effective area of charging or power that does not cover more than approximately 90% of pad

surface.

6 . The system of claim 1 wherein each of the plurality of coils are driven by an

individual drive circuit to provide power to each coil and to selectively activate one or more
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COilS,

7 . The system of claim 1, wherein one or more coils includes a switch component, and

wherein the microcontro ϋer unit periodically starts the switch components, monitors the

current therein, and uses the current to sense the proximity of a receiver and device or

battery to that coil and activate charging in that coil, or a selection of coils in that region.

8 . The system of claim 1 , wherein a plurality of iayers of coiis are layered upon one

another to create an effective area, and so that powering any one or a seiection of the coiis

ailows a receiver whose center is within the effective area to be charged.

9 . A mobile device capable of being inductively powered or charged comprising;

a battery; and

a receiver for one of ind υctiveiy powering the device or charging the battery in the

mobile device, and wherein the receiver is one of attached to or incorporated into the battery

or the mobiie device.

10. The mobiie device charger or power supply of claim 9, wherein the coiis or wires are

formed within a printed circuit board PCB iayer of at least two different sizes or shapes.

11 . The mobile device charger or power supply of claim 9 , wherein the charger or the

power supply, and the mobile device, communicate with each other to transfer data,

12. The mobile device charger or power supply of claim 9, wherein the data transfer

includes information about the presence of the mobile device adjacent to the charger or

power supply and/or wherein the charger or power supply stores charging or power

requirements for mobile devices which can be charged or powered by the charger or power

suppiy.

13. A system for use with a mobile device or battery for charging or powering the mobile

device or battery inductively, comprising;

a base unit including one or more pnmary coiis therein, the primary coil having a

generally pianar shape so that when a current is passed through the primary coil a magnetic

field is generated in a direction substantialiy perpendicular to the plane of the primary coil;

and

wherein the perpendicular magnetic field inductively generates a current in a

matching receiver coil o r coils within a mobile device or battery placed close to and aligned

with the base unit, to charge or power the mobile device or battery.



Attorney Docket; AFPA-01013WO0

14. The system of claim 13 wherein one or more of the coils are manufactured on printed

circuit boards and are manufactured to have a !ow resistance.

5 15. The system of claim 13 further comprising a battery coupled to and powering the

base unit, and wherein the battery can be occasionally charged by an externa! power supply

to maintain a charge sufficient to power the inductive charger or power supply device for a

period of time.

IO 16 The system of claim 13 further comprising one of a soiar ceil coupled to a battery in

the base unit, for charging the battery in the base unit; a data storage component for storage

of data, for subsequent transmission of data to or from the mobile device; or a cover surface

of the base unit or pad includes a decorative or non-slip surface,

I S 17. The system of claim 13, wherein a plurality of modular chargers or power suppϋes

can be interconnected to form a single unit

18. The system of claim 13, wherein the mobile device to be charged or powered

includes a charging circuit having a Zener diode, wherein the Zener diode clamps the voltage

0 to the mobile device or battery to a predetermined maximum voltage, and a switch means

that includes a MOSFET and the circuit includes a capacitor connected in parallel to the

source to drain terminals of the MOSFET, and wherein the alternating switching in the

primary coil is automatically started by the tviOSFET when the base unit detects a mobile

device or battery placed close to or aligned with the primary coil.

5

19. The system of claim 13, further comprising means within the base unit for providing

control regulation, and/or verification of the power charging and/or powering, including a

switch means for adjusting and/or controlling the power into the coils under different load

conditions, to maintain high efficiency during different load conditions or charging stages.

30

20. The system of claim 19, wherein the switch means is a zero voltage crossing or zero

current crossing switch geometry, and wherein the controlling of output power is be achieved

by changing the frequency of the operation.
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