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INDUCTIVE POWER SOURCE AND 
CHARGING SYSTEM 

CLAIM OF PRIORITY 

This application claims the bene?t of provisional patent 
applications “PORTABLE INDUCTIVE POWER 
SOURCE”, Application No. 60/763,816, ?led Jan. 31, 2006; 
“MOBILE DEVICE, CHARGER, AND POWER SUPPLY”, 
Application No. 60/810,262, ?led Jun. 1, 2006; “MOBILE 
DEVICE, BATTERY, CHARGING SYSTEM, AND 
POWER SUPPLY SYSTEM”, Application No. 60/810,298, 
?led Jun. 1, 2006; and “SYSTEM AND METHOD FOR 
PROVIDING AND USING A PORTABLE INDUCTIVE 
POWER SOURCE”, Application No. 60/868,674, ?led Dec. 
5, 2006; each of Which applications are hereby incorporated 
by reference herein. 

FIELD OF THE INVENTION 

The invention is related generally to poWer supplies and 
other poWer sources, and particularly to a portable inductive 
poWer source. 

BACKGROUND 

There is currently a need for powering portable or mobile 
devices for use in commercial, business, personal, consumer, 
and other applications. Examples of such devices include 
cellular telephones, personal digital assistants (PDAs), note 
book computers, mobile email devices, Blackberry devices, 
Bluetooth headsets, music players (for example, MP3 play 
ers), radios, compact disk players, video game consoles, digi 
tal cameras, electric shavers, and electric toothbrushes. Most 
of these devices include a rechargeable internal battery that 
must be ?rst charged by an external poWer supply or charger, 
before the device itself can be used. The poWer supply typi 
cally provides direct current (DC) voltage through a special 
connector to the device. The poWer supply can then be dis 
connected, 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. 

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 ?nd it necessary to charge their devices 
in different locations such as their of?ces and cars. Thus, 
many users have purchased additional chargers for their 
of?ces and cars, for use in charging their mobile phones, 
notebook computers, and music players in those locations. 

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 func 
tion 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 ?nd they need to recharge their device in 
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2 
situations Where no appropriate charger is available. This 
leads to loss of ability to use the device When desired or 
needed. 

In addition, When traveling aWay from home, mobile users 
have a particular problem in that they need to pack and carry 
the multiple chargers for their devices. In many situations, 
these chargers are bulkier and heavier than the devices them 
selves, 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. 

In addition, the poWer connector for the mobile devices is 
often cheaply 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 sealed, such a physical connection 
can not be used. Thus an alternative means of poWering those 
types of devices must be used. 

Several products have tried to address this situation. Some 
companies propose the use of a universal charger that consists 
of a poWer supply base unit, and interchangeable tips that both 
?t into the base unit and in turn ?t different devices. The tip 
includes a customiZed regulator that sets the voltage required 
by the particular device. HoWever, a user must carry the 
multiple tips he or she needs for each of the various devices 
they have, and then charge each device serially by connecting 
the device to the poWer 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 multiple 
devices simultaneously is often not possible. 

RealiZing that a poWer supply typically contains a trans 
former for voltage conversion, another approach is to split the 
transformer into tWo parts: a ?rst part can contain the ?rst 
Winding and the electronics to drive this Winding at the appro 
priate operating frequency, While the second part consists of a 
Winding Where poWer is received and then recti?ed to obtain 
DC voltage. If the tWo parts are brought into physical prox 
imity to each other, poWer is transformed from the ?rst part to 
the second inductively, ie by induction, Without any physical 
electrical connection. This is the approach that is used in 
many 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 Wind 
ings are bulky, Which restricts their use in lightWeight por 
table devices. Furthermore, to achieve adequate poWer trans 
fer, the parts must be designed to ?t together suitably so that 
their Windings are closely aligned. This is typically done by 
molding the device casing (for example, an electric tooth 
brush) and its charger/holder so that they ?t together in only 
one 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. 
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 
includes grids of Wires in an x and y direction, that carry an 
electrical current, and that generate a uniform magnetic ?eld 
parallel to the surface of the pad. A secondary coil Wound 
around a magnetic core lies on the surface of the pad andpicks 
up the magnetic ?eld parallel to the surface, and in this man 
ner energy can be transferred. HoWever, each of these meth 
ods suffer from poor poWer transfer, in that mo st of the poWer 
in the primary is not picked up in the secondary, and thus the 
overall poWer ef?ciency of the charger is very loW. In addi 
tion, the magnetic cores used for the primary and secondary 
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are often bulky and add to the total cost and size of the system, 
and limit incorporation into many devices. 

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 electrically 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 pro 
vided 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 

A portable inductive poWer source, poWer device, or unit, 
for use in poWering or charging electrical, electronic, battery 
operated, mobile, and other devices is disclosed herein. In 
accordance With an embodiment the system comprises 2 
parts: The ?rst part is a pad or similar base unit that contains 
a primary, Which creates an alternating magnetic ?eld 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 ?eld from the pad and 
transferring it to a mobile or other device. The receiver may 
comprise coils, Windings, or any Wire that can sense a chang 
ing magnetic ?eld, and rectify it to produce a direct current 
(DC) voltage, Which is then used to charge or poWer the 
device. 

In some embodiments the receiver can also comprise elec 
tronic components or logic to set the voltage and current to the 
appropriate levels required by the mobile device, or to com 
municate information to the pad. In additional embodiments, 
the 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 also incor 
porate ef?ciency measures that improve the ef?ciency of 
poWer transfer betWeen the charger and receiver, and ulti 
mately to the mobile device. In accordance With an embodi 
ment the device includes an internal battery for self-poWered 
operation. In accordance With other embodiments the 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, and other applications. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 shoWs a pad using multiple receiver/energizer coils 
in accordance With an embodiment of the invention. 

FIG. 2 shoWs a ?gure of a circuit diagram in accordance 
With an embodiment of the invention. 

FIG. 3 shoWs a charging pad using multiple coils in accor 
dance With an embodiment of the invention. 

FIG. 4 shoWs a charging pad using multiple overlapping 
coil layers in accordance With an embodiment of the inven 
tion. 

FIG. 5 shoWs the use of multiple coil types and siZes in 
overlapping pad layers in accordance With an embodiment of 
the invention. 

FIG. 6 shoWs a receiver With an integrated battery in accor 
dance With an embodiment of the invention. 

FIG. 7 shoWs a coupling of receiver With a device to be 
charged in accordance With an embodiment of the invention. 
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4 
FIG. 8 shoWs a pad alloWing modular or multiple connec 

tivity in accordance With an embodiment of the invention. 
FIG. 9 shoWs a ?gure of a circuit diagram in accordance 

With an embodiment of the invention. 
FIG. 10 shoWs a ?gure of a circuit diagram in accordance 

With an embodiment of the invention. 
FIG. 11 shoWs a ?gure of a circuit diagram in accordance 

With an embodiment of the invention. 
FIG. 12 shoWs a ?gure of poWer transfer chart in accor 

dance With an embodiment of the invention. 
FIG. 13 shoWs a ?gure of a coil layout in accordance With 

an embodiment of the invention. 
FIG. 14 shoWs a ?gure of a coil layout in accordance With 

an embodiment of the invention. 
FIG. 15 shoWs a ?gure of a charging pad With multiple coils 

in accordance With an embodiment of the invention. 
FIG. 16 shoWs a ?gure of a charging pad With movable 

coils in accordance With an embodiment of the invention. 
FIG. 17 shoWs a ?gure of a circuit diagram in accordance 

With an embodiment of the invention. 
FIG. 18 shoWs an illustration of a means of stacking coils, 

in accordance With an embodiment of the invention. 
FIG. 19 shoWs an illustration of a device for inductive 

poWer charging that includes an internal battery for self 
poWered operation, in accordance With an embodiment of the 
invention. 

FIG. 20 shoWs an illustration of an inductive charger unit 
With a solar cell poWer source for self poWered operation, in 
accordance With an embodiment of the invention. 

FIG. 21 shoWs an illustration of an inductive charger unit 
With an incorporated communications and/ or storage unit, in 
accordance With an embodiment of the invention. 

FIG. 22 shoWs an illustration of a kiosk that incorporates an 
inductive charger unit in accordance With an embodiment of 
the invention. 

DETAILED DESCRIPTION 

A portable inductive poWer source, poWer device, or unit, 
for use in poWering or charging electrical, electronic, battery 
operated, mobile, and other devices is disclosed herein. In 
accordance With an embodiment the system comprises 2 
parts: The ?rst part is a pad or similar base unit that contains 
a primary, Which creates an alternating magnetic ?eld 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 com 
munication circuitry, or means of identifying the presence of 
devices to be charged. In some embodiments the pad can also 
contain multiple coils or sections to charge various devices or 
to alloW charging of devices 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 ?eld 
from the pad and transferring it to a mobile or other device. 
The receiver can comprise coils, Windings, or any Wire that 
can sense a changing magnetic ?eld, and rectify it to produce 
a direct current (DC) voltage, Which is then used to charge or 
poWer the device. 

In some embodiments the receiver can also comprise elec 
tronic components or logic to set the voltage and current to the 
appropriate levels required by the mobile device. In some 
embodiments, the receiver can also contain circuitry to sense 
and determine the status of the electronic device to be 
charged, the battery inside, or a variety of other parameters 
and to communicate this information to the pad. In additional 
embodiments, the system can provide for additional function 
ality such as communication of data stored in the electronic 
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device (for example, digital images stored in cameras, tele 
phone numbers in cell phones, songs in MP3 players) or data 
into the device. 

Embodiments can also incorporate ef?ciency measures 
that improve the ef?ciency of poWer transfer betWeen the 
charger and receiver, and ultimately to the mobile device. 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 appro 
priate frequency to generate an alternative current (AC) volt 
age across a primary coil, and generates anAC magnetic ?eld. 
This ?eld in turn generates a voltage in the coil in the receiver 
that is recti?ed and then smoothed by a capacitor to provide 
poWer to a load, With the result being greater ef?ciency. 

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 ?oating coils and the drive circuit are sand 
Wiched in betWeen thin upper and loWer cover layers that act 
to alloW the coils lateral movement While limiting vertical 
movement. When a secondary is placed on the pad, the pad 
senses the position of the secondary 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 ef?ciency. 

Additional embodiments are also described herein. For 
example, in accordance With an embodiment the device 
includes an internal battery for self-poWered operation. In 
accordance With other embodiments the device can include a 
solar cell poWer source, hand crank, or other means of poWer 
supply for occasional self poWered operation. Other embodi 
ments can be incorporated into charging kiosks, automobiles, 
computer cases, and other electronic devices and applica 
tions. 
Inductive Charging System 

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 folloWing desired features: 
The pad should be able to charge a number of devices With 

various poWer requirements ef?ciently. A typical num 
ber Would be 1-6 devices, and probably up to 4 loW 
poWer (up to 5 W) devices simultaneously. When mul 
tiple devices are being charged, a method for energizing 
only those coils near a device is preferable. 

The same pad should be able to poWer loW-poWer devices 
(mobile phones, PDAs, cameras, game consoles, etc.) 
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). 

The poWer transfer ef?ciency betWeen the primary coil and 
the secondary should be maximized. Lack of e?iciency 
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 veri?cation of the manufacturer of the 
secondary, and possibly information for poWer require 
ments, should be supported as necessary to ensure prod 
uct compatibility and to provide means of product reg 
istration and licensing. 

The EMI radiation from the system should be minimized, 
and ideally, the system should radiate little or no EMI 
With no device present. A charger should preferably not 
emit any poWer until an appropriate device is brought 
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6 
close to the charger itself. In this Way, electric poWer is 
not Wasted, and electromagnetic poWer is not emitted 
needlessly. In addition, accidental effects on magneti 
cally 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, the overall size, Weight, 
and form factor should be minimized. 

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 por 
table computer, or charge its battery, or accomplish both tasks 
simultaneously. In accordance With an embodiment, the 
mobile device charger can have any suitable con?guration, 
such as the con?guration of a ?at pad. The poWer received by 
the mobile device from the mobile device charger (such as the 
primary in the mobile device charger) can be recti?ed in the 
receiver and smoothed by a capacitor before being connected 
to the rechargeable battery Which is represented by the load in 
the picture above. To ensure proper charging of the battery, a 
regulator can be placed betWeen the output of the receiver and 
the battery. This regulator can sense the appropriate param 
eters 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 character 
istics that can be read out by the regulator. Alternatively, such 
information can be stored in the regulator for the mobile 
device to be charged, and an appropriate charging pro?le can 
also be programmed into the regulator. 

FIG. 1 shoWs a pad using multiple receiver/energizer coils 
in accordance With an embodiment. In its simplest format, the 
mobile device charger or poWer supply preferably has a sub 
stantially ?at con?guration, such as the con?guration of a pad 
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, and can have similar or dif 
ferent shapes, including for example a spiral shape. For 
example, for a mobile device charger designed to charge up to 
four mobile devices of similar poWer (up to 10 W each) such 
as mobile handsets, MP3 players, etc., four or more of the 
coils or Wires Would ideally be present in the mobile device 
charger. The charger pad or pad can be poWered by plugging 
into a poWer source such as a Wall socket. The pad can also be 
poWered by another electronic device, such as the pad being 
poWered through the USB outlet of a laptop or by the con 
nector 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. 
A mobile device can include a receiver that includes one or 

more coils or Wires to receive the poWer from the mobile 
device charger. 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 battery. In any of these 
con?gurations, the receiver includes one or more appropriate 
coil or Wire geometries that can receive poWer from the 
mobile device charger When it is placed adjacent to the mobile 
device charger. In accordance With an embodiment, the coils 
in the mobile device charger and/or the coils in the mobile 
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devices can be printed circuit board (PCB) coils, and the PCB 
coils can be placed in one or more layers of PCB. 

In some embodiments, the charger can also itself be built 
into a mobile device. For example, a laptop computer or other 
portable or mobile device can incorporate a charger section so 
that other mobile devices can be charged as described above. 
Alternatively, using the same set of coils or Wires, or a sepa 
rate set of coils or Wires, any mobile device can itself be used 
as a charger to poWer or charge other mobile devices. 

In accordance With an embodiment, the mobile device 
charger or pad, and the various mobile devices, can commu 
nicate With each other to transfer data. In one embodiment, 
the coils in the mobile device charger that are used for poW 
ering the mobile device, or another set of coils in the same 
PCB layer or in a separate layer, can be used for data transfer 
betWeen the mobile device charger and the mobile device to 
be charged or the battery directly. Techniques employed in 
radio and netWork communication, such as radio frequency 
identi?cation (RFID) can be used. In one embodiment a chip 
connected to an antenna (for example, the secondary coil or 
separate data antenna) or another means of transfer of infor 
mation can be used to provide information about, for 
example, the presence of the mobile device, its authenticity 
(for example its manufacturer code) and the device’s charg 
ing requirements (such as its required voltage, battery capac 
ity, and charge algorithm pro?le). 

In accordance With an embodiment, a typical sequence for 
charger operation can be as folloWs: The mobile device 
charger can be in a loW poWer status normally, thus minimiZ 
ing poWer usage. HoWever, 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 in the secondary 
such as an RF ID tag. The mobile device charger then tries to 
identify a return signal from any mobile device (or any sec 
ondary) that may be nearby. Once a mobile device (or a 
secondary) is detected, the mobile device charger and the 
mobile device proceed to exchange information. This infor 
mation can include a unique ID code that can verify the 
authenticity and manufacturer of the charger and mobile 
device, 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 infor 
mation could be encrypted, as is common in some RFID tags. 

In accordance With various embodiment, other protocols 
such as Near Field Communications (NFC) or Felica can be 
used, Wherein the circuitry containing the ID and the neces 
sary information is poWered either by the mobile device or 
remotely by the mobile device charger. Depending on the 
particular implementation needs, Bluetooth, WiFi, and other 
information transfer processes can be used. Additional infor 
mation regarding the charging pro?le for the battery can also 
be exchanged and can include parameters that Would be used 
in a pre-programmed charge pro?le stored in the mobile 
device charger. HoWever, the information exchanged could be 
as simple as an acknowledge signal that shoWs the mobile 
device charger that a mobile device is present. The charger 
can also contain means for detection and comparison of the 
strength of the signal over different locations on the charger. 
In this Way, it could determine the location of the mobile 
device on the charger, and then proceed to activate the appro 
priate region for charging. 

In some embodiments that require greater simplicity, no 
communication need take place betWeen the mobile device 
charger and the mobile device. In some embodiments the 
mobile device charger can sense the mobile device by detect 
ing a change in the conditions of a resonant circuit in the 
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8 
mobile device charger When the mobile device is brought 
nearby. In other embodiments the mobile device 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 near a coil in the 
mobile device charger. Once a mobile device is sensed near a 
primary coil or section of the mobile device charger, the 
mobile device charger can then activate that primary coil or 
section to provide poWer to the secondary coil in the mobile 
device’s battery, shell, receiver module, or the device itself. 
Inductive Charging Circuit 

Each mobile device and its battery has particular charac 
teristics (voltage, capacity, etc.). In order to facilitate these 
different devices With a single universal mobile device 
charger, several circuit architectures are possible, some of 
Which are described in further detail beloW. 

FIG. 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 the present invention. 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 ?eld. This ?eld in turn 
generates a voltage in the coil 120 in the receiver 114 that is 
recti?ed 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 or integrated into, or 
on its battery. 
The mobile device or its battery typically can include addi 

tional recti?er(s) and capacitor(s) to change the AC induced 
voltage to a DC voltage. This is then fed to a regulator 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 charger, after exchanging information 
With the mobile device, 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 voltage in the mobile device. Alternatively, a 
combination of the above tWo approaches can be folloWed, 
Wherein regulation is partially provided by the charger, and 
partially by the circuitry in the secondary. 
Inductive Charger 

To alloW the operation of the mobile device charger regard 
less of position of the mobile device, the total area of the 
mobile device charger can be covered by coils or by another 
Wire geometry that creates magnetic ?eld. FIG. 3 shoWs a 
charging pad using multiple coils in accordance With an 
embodiment of the invention. As shoWn in FIG. 3, the pad 140 
is largely covered With individual energiZer coils 144. 

FIG. 4 shoWs a charging pad using multiple overlapping 
coil layers in accordance With an embodiment of the inven 
tion. This embodiment addresses the problem of voids 
betWeen the multiple coils. As shoWn in FIG. 4, any areas of 
the pad 150 With minimal magnetic ?eld betWeen a ?rst set of 
coils 152 can be ?lled by a second set of coils 154, that are 
tiled such that the centers of this coil array ?ll the voids in the 
primary set. This second set can be at a different layer of the 
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same PCB, or in a different PCB. In each of these geometries, 
the sensing circuitry can probe each location of a coil in a 
raster, predetermined, or random fashion. Once a mobile 
device on or near a coil is detected, that coil is activated to 
provide poWer to the receiving unit (secondary) of the appro 
priate device. 

It can be seen from the above example that by providing 
more layers of the PCB With coils, or by providing coils of 
different geometry or siZe, one can obtain as much resolution 
or coverage as desired. 

In accordance With an embodiment, to poWer mobile 
devices With poWer requirements that exceed maximum poW 
ers attainable by typical coils in a surface, the mobile device, 
during its hand shake and veri?cation process can indicate its 
poWer/voltage requirements to the mobile device charger. 
Several geometries for achieving poWer/voltage levels other 
Wise not attainable from a single primary coil of the mobile 
device charger are possible. 

In one geometry, the poWer receiving unit of the mobile 
device has several coils or receiving units that are connected 
such that the poWer from several primary coils or sets of Wires 
of the mobile device charger can add to produce a higher total 
poWer. For example, if each primary coil is capable of out 
putting a maximum of 10 Watts, by using 6 primary coils and 
6 secondary coils, a total output poWer of 60 Watts can be 
achieved. The number of primary and secondary coils need 
not be the same, and a large secondary coil (receiving unit) 
that Would be able to capture the majority of magnetic ?ux 
produced by 6 or other number of primary coils or a large 
primary coil poWering 6 or some other number of secondary 
coils can achieve the same effect. The siZe and shape of the 
multiple primary coils and secondary coils also do not need to 
be the same. Furthermore, neither set of primary and second 
ary coils need to be in the same plane or PCB layer. For 
example, the primary coils in the examples shoWn above 
could be dispersed such that some lay on one PCB plane and 
the others in another plane. 

In another geometry, the PCB of the mobile device charger 
has multiple layers, Wherein coils or Wire patterns of certain 
siZe and poWer range can be printed on one or more layers and 
other layers can contain coils or Wire patterns of larger or 
smaller siZe and poWer capability. In this Way, for example, 
for loW poWer devices, a primary from one of the layers Will 
provide poWer to the mobile device. If a device With higher 
poWer requirements is placed on the mobile device charger, 
the mobile device charger can detect its poWer requirements 
and activate a larger coil or Wire pattern With higher poWer 
capabilities or a coil or Wire pattern that is connected to higher 
poWer circuitry. 
One may also achieve similar results by using a combina 

tion of the different processes and geometries described 
above. 

FIG. 5 shoWs the use of multiple coil types and siZes in 
overlapping pad layers in accordance With an embodiment of 
the invention. As shoWn in FIG. 5, the mobile device charger 
or pad 160 can comprise tWo overlapping layers With a ?rst 
layer 162 containing loW poWer coils, and a second layer 164 
containing high poWer coils. 
Inductive Charging Receiver 
As described above, the inductive charging pad is used to 

poWer a receiver, Which in turn is used to poWer or to charge 
a portable or mobile device. In accordance With one embodi 
ment of the receiver, the poWer from the mobile device 
charger is emitted at a magnitude that Would be su?icient to 
poWer any foreseeable mobile device (such as 5 or 10 W for 
small mobile devices). The receiver that is appropriate for 
each mobile device has a poWer receiving part that When 
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10 
matched to the mobile device charger is able to receive suf 
?cient poWer for the mobile device. For example a receiver 
for a mobile phone requiring 2.5 Watts can be a coil With 
certain diameter, number of turns, Wire Width, etc. to alloW 
receipt of the appropriate poWer. The poWer is recti?ed, ?l 
tered, and then fed into the battery or poWer j ack of the device. 
As discussed above, a regulator can be used before the poWer 
is provided to the battery or the mobile device. 

To save energy, the poWer emitted by the mobile device 
charger can be regulated. It is desirable to regulate the poWer 
emitted by the charger because if the charger 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), mechanical, or optical method, inform the charger 
about the voltage/current characteristics of the device. The 
primary of the charger in the circuit diagrams shoWn above 
then can be driven to create the appropriate voltage/ current in 
the receiver. For example, the duty cycle of the sWitch in that 
circuit can be programmed With a microprocessor to be 
changed to provide the appropriate levels in the receiver. 

In accordance With an embodiment, this can be done by a 
look up table in a memory location connected to a micropro 
cessor 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. Further 
more, 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. 

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. 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 recti?er(s) 
and capacitor(s) to produce a cleaner DC voltage. This output 
can be directly, or through a current limiting resistor, con 
nected to one of the contacts on the battery. To avoid over 
charging the battery, a battery regulator chip can also be used. 
This circuit then measures the various parameters of the bat 
tery (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 
could also include LEDs to shoW the receiver being in the 
presence of a magnetic ?eld from the charger, complete 
charge LEDs and/or audible signals. 

In typical commercial and end-user applications such as 
cell phones, PDAs, and MP3 players, the battery could be 
incorporated into the battery pack or device by the original 
equipment manufacturer (OEM), or as an after market siZe 
and shape compatible battery pack that can replace the origi 
nal battery pack. The battery compartment in these applica 
tions is typically at the bottom of the device. The user can 
open the battery compartment, take out the conventional bat 
tery, replace it With a modi?ed battery in accordance With an 
embodiment of the invention, and then replace the battery lid. 
The battery could then be charged inductively When the 
mobile device is placed adjacent a mobile device charger. 

To enhance the ability of the receiver to receive poWer, it 
may be desirable to minimize the distance betWeen the charg 
er’s primary coil and the receiver’s coil or Wire. In order to 
achieve this, in accordance With an embodiment the receiv 


























