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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.

Effxiency Enhancements through Coif Voitage Clamping

LA

[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
10 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 5V startup, the voltage at center can be set for 8

or 7 volts. In this way, the Zener can be chosen b 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
I5 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 wireSPss chargers or

power supplies and is extremely useful.

20
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

25 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.

30 [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 caoill,
including:

R 1is the primary winding resistance,
R/ is the secondary (in the receiver) winding resistance referred to the primary,

35 RL is the resistive load,

Lik1 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 is the primary winding capacitance,

C 2is the capacitance In the secondary winding referred to the primary,

wn

C12is the capacitance between primary and secondary windings, and

nis 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
10 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 b 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),
20 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,

[00172J 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

0]
wn

than a ferrite coil. Additionally, non-ferrite coils can be made b 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.

Tad
<

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 b approximately suit the intended application. For example, the circuit can be

Sl
L

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 b 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

wn

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, in accordance with one embodiment, a Zener diode
352 is incorporated to damp the maximum voltage at the output of the receiver prior to the
10 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. s 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
15 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.

20  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

+J
A

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
30 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

et
n

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. As shown in Fjgure 21, 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 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. As shown in Figure 23, in 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 b a load.
in accordance with an embodiment, by adjusting the duty cycSP 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!l 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 power.

[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 MHz 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
15 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 o zero (hence the name Zero Voltage Switching), thereby minimizing
20 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
25 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
30 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:

35 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)

[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.

[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
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
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.

[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
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
stages.

41

Page 1157 of 1718



JO

15

WO 2008/137996 PCT/US2008/063084
Attorney Docket; AFPA-01013WO0

[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.

[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 Controiler 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
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.) arB able to communicate through a

wired connection.

Switching Wlode Power Supply with Wireless Com munseat!on

[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
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
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
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 D1 and
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 <
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
b enabie rapid charging when the battery is at sow voltage. This presents a Sow impedance
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
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 Pasiy 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
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
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
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
MHz, this range is broken into 256 steps. In one implementation, the receiver sends a digital

code corresponding to the output voltage and MCU1 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,

wn

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
10 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
I5 voltage rises, the Charge Management IC throttles the incoming current back, and switches
to a mode where the voltage across the battery tPrminaS 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 s can signa! end of charge cycle to MCLJ2 which
20 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

+J
A

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
30 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

et
n

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

wn

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.

10 Extension to Other Geometries
[00208] WNIle 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
15 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 Mode Supply with Wireless Communication
20 £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
25 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
30 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 L1 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

Sl
L

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 5V, 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 itnPar reguiator depending on efficiency/cost trade-offs.

Regulated Switching Wiode 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, IvICU1 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.
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[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

L4

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 Mode Power Supply with Isolated Transformer Feedback
10 [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 31 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
15 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 31 is completely wireless and does not require
optical components, it may be preferable in cases where an optically transmissive window in

20 the charger or power supply or the receiver may not be possible.

Regulated Switching Mode 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

L]
“n

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
30 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.).

S
L

[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
Re.

[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 ZPner 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 MCU2, 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 L1 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 L1 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 L1 Value. This property can be used to sense the
presence of nearby devices or batteries capable of drawing power and also to enable bi-
directional communication if desired. 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

20 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.

25 . 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

30 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
35 the Q1 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 L1 will power the receiver circuit. The charge control circuit in the figure
or another chip in the Receiver circuit can be pre-programmed so that on power-up, it draws

current in a pre-programmed manner. An example of this is the integration of the MCU2 and

wn

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 L1 by

the charger or power supply current sensor in Figure 34.

10 [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

I5 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 IviICUI will assume that the device drawing power is not an
appropriate receiver and will terminate powering it. This process invalidates false starts due

20 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

+J
A

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
30 information table can also reside on the MCU1 memory. Once the information s read and
verified, the MCU1 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

et
n

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 or more power can be transferred depending on the offset between the
coils assuming that the coil offset is always smaifer 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 caGiss. 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 coil!
offset (up to the maximum allowable offset - assumed to be r/2 here). 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 2r (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. If the center of a
receiver coi!l 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 coil and starts the drive circuit to power the appropriate coil. The sensing
mechanism can be a current sense mechanism. Each coil drive circuit can periodically start
driving the coil at an appropriate frequency and a current sense circuit can monitor the drawn

current to sense when a receiver is nearby thereby affecting the inductance 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
= rin 3 layers, the effective area is approximately 12 r wide and 6 mr high where mr is the
minima! radius of the hexagon = ¥3 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
with each drive section. A number of other sense mechanism such as magnetic, optical, or
capacitance sensors may also be used.

[00248] Figure 37 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
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
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.

[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:

. 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.

. 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
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 ivlicro-Electro-
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 Ry of 80 m(} 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
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
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
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
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 « is Therefore, it can receive
the necessary minimum power or more with only one appropriate charger or power supply
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 ss 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
56

Page 1172 of 1718



wn

16

L]
“n

WO 2008/137996 PCT/US2008/063084
Attorney Docket; AFPA-01013WO0

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 b 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 41 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

L4

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 maximal
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)
10 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.

—
LR

[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
20 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

L]
“n

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 IVIEIVIS, relays, etc. can be used to achieve the results. In
accordance with other embodiments, the switching may be implemented by creating a
30 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

S
L

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 in Figure 44.

[00272] Figure 44 shows the fop view seen from the same side. The side view of the
5 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.
10 [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 all connected to a common point (called P2 here) is created on a
flexible materia! fiim. 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
15 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
20 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

D
A

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
30 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

Lt
N

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, « 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
5 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 b 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
1 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.
15 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 i1ic switching elements for connecting b the
appropriate coil.
As described above, in accordance with an embodiment the entire package in Figure
20 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:
. MCU1 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.

25 . 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.

30 . 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 film. 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, Co, 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 wais 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 41 or any other

20 geometry.

Conductive  Multi -Charger or Power Supply Surface
[00289J As discussed above, in accordance with some embodiments, another method
for charging or powering rnulispie devices on a common charger or power supply surface isto

25 incorporate a number of connector points or strips into the pad. The user can place 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.

30 [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

35 for after-market app Ucations 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
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
several devices on the pad for charging or power can be established, A diode D1 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
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
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
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
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
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 b 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 P1 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, P1 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 b 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 P1 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.

85

Page 1181 of 1718



WO 2008/137996 PCT/US2008/063084
Attorney Docket; AFPA-01013WQO0

[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

k¥ 4]

coils and can be emitted away from the charger or power supply because of the frequency.
This noise can be minimized by optimizing the drive circuit to avoid sharp edges in the drive
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.
16 « 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! fifid is
in genera! highly contained near the coil surface. The magnetic flux pattern from a PCB coil
15 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
20 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 inthe 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

b2
‘s

PCB to allow a flat surface on the top and allow receiver coils to get as ciose as possible to
the charger or 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
30 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

tad
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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 inthe PCB
layers in any of the designs above can significantly reduce any potential EMI issues without
requiring additional shielding iayers.

[00312] Figure 51 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 51 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] Mptailic 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 Piiminate
potentia! for escaping Elvl 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
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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
5 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.
10 [00320] The current density j in an infinitely thick plane conductor decreases

exponentially with depth 8 from the surface, as shown below;

I5 where dis a constant caiied the "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:

i
Vowrd
20
Where;
p —~ resistivity of conductor
o = angular frequency of current = 21r x frequency
25  p= absolute magnetic permeability of conductor “* #& ' #y' where  is the permeabiiity of

free space and u, 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
30 conductivity of copper (5.8x107 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 _m.

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 “im 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 minimal. 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 Jv.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 b 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,

LA

[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
10 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.
15 [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
20 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

+J
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
30 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 Elvl 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

b
(¥

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
5 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
Eivis disturbance and lack of signal to noise ratio in the electronic device b be charged. In
addition, the higher frequency noise causes non-optimum  operation of the receiver and
10 possibly heating of the receiver or other components. By removing the generated noise,
electrical and thermal/en vironr mwental 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 an optical
signal being filtered in the wavelength domain (by an optical filter, grating, etc.) before
15 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
20 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

0]
wn

where the charger or power supply coil is located, without providing any physical features
and/or marking on the surface of the charger or power supply. This may be advantageous in
enabling charger or power supplies which can be used with any device to be charged without
need for special alignment or size features. This allows charging of any si2e and shape
device and/or battery. In this geometry, shown in Figure 55, the magnets can be thin flat or
30 other shape magnets placed at the center of the coil and allow the device or battery to be
charged to be rotated around the charger or power supply coil with no effect.

[00337J As described above, by enabling the coil in the charger or 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

Sl
L

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 gn 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.

LA

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. Aiternattveily, the power can
10 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, orwhen no
I5 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.
20 £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

0]
wn

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
30 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

Sl
L

pow BrBd-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 wunit, 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 wail 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 in 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 electricaily 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 orthe outside skin to provide other capabiliies 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 81 shows an iiiustration of a kiosk that incorporates an inductive
charger or power supply unit in accordance with an embodiment. As shown in Figure 81. 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. An inductive or wire free
public charging station or kiosk would allow the user to place their mobile device that is
'enabled' (i.e. has the appropriate receiver or 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.

[003S4] 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 WiMax can increase the data rate further. By combining
the charging and information transfer process, the service provider can charge for additional
services. In addition, if a camera is being charged and has wireless capability, it can
download the pictures or movies to a designated website 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.

[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.

[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

holders types, including a belt holder 1000 and case 1002.

Powering #obije 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,
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.

[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 b 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
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,
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

wn

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
10 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
15 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
20 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
25 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 llustrates a multi-function device that includes a hard drive,
30 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

¥
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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

20 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

25  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

30 another coil (L2) to LI 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, Felica, Bluetooth, WiFi, WiMax, etc. In another embodiment, the system of the

Sl
(¢,

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 11 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-storfd 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 an inductive charger or power supply's PCB caoill,
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. & 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 b obtain reasonable inductive values, several turns of wire
or PCB trace are necessary.

[00378] For example, in a PCB spiral coii of 1.25"diametPr, 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.
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[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 b 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 wiii 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 b 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 caoil
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 67? 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 appiicabSP 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 Eni 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. & 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 71 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 greatly. 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
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. I 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
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
symmetric operation so that the two coils can be rotated with respect b 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
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
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
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.

[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 operation,

[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. An 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 transfer/charging. in this way, neither
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.

[00416] As an example, a circular path around the main charger/power supply PCB
coil can be powered by a DC current periodically orwhen 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
described above), is generated it wiSl 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
be needed. During other times, neither the charger and/or power supply orthe 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
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
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
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 b 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, EPROlvls,
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
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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. = 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 cois 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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CQils,

7. The system of claim 1, wherein one or more coils includes a switch component, and
wherein the microcontro Uer 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 indvctiveiy 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 or 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.
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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 low resistance.

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 external power supply
to maintain a charge sufficient to power the inductive charger or power supply device for a

period of time.

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,

17. The system of claim 13, wherein a plurality of modular chargers or power suppies

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
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.

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.
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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IMPROVEMENTS RELATING TO CONTACT-LESS POWER TRANSFER

The present application claims priority from UK patent applications nos 0210886.8
of 13% May 2002, 0213024.3 of 7™ June 2002, 0225006.6 of 28" October 2002 and
0228425.5 of 6 Decemiber 2002, as well as from US patent application no
10/326,571 of 20" December 2002. The full contents of all of these prior patent

applications is hereby incorporated into the present application by reference.

This invention relates to a new apparatus and method for transferring power in a

contact-less fashion.

Many of today’s portable devices incorporate “secondary” power cells which can be
recharged, saving the user the cost and inconvenience of regularly having to purchase
new cells. Example devices include cellular telephones, laptop computers, the Palm
500 series of Personal Digital Assistants, electric shavers and electric toothbrushes.
In some of these devices, the cells are recharged via inductive coupling rather than
direct electrical connection. Examples include the Braun Oral B Plak Control power
toothbrush, the Panasonic Digital Cordless Phone Solution KX-PH15AL and the

Panasonic multi-head men’s shavers ES70/40 series.

Each of these devices typically has an adaptor or charger which takes power from
mains electricity, a car cigarette ligh;cer or other sources of power and converts it into
a form suitable for charging the secondary cells. There are a number of problems

associated with conventional means of powering or charging these devices:

e Both the characteristics of the cells within each device and the means of
connecting to them vary considerably from manufacturer to manufacturer,
and from device to device. Therefore users who own several such devices
must also own several different adaptors. If users are going away on travel,
they will have to bring their collection of chargers if they expect to use their

devices during this time.

1

CONFIRMATION COPY
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e These adaptors and chargers often require users to pliig a small connector into
the device or to place the device with accurate alignment into a stand causing
inconvenience. If users fail to plug or place their device into a charger and it

~ runs out of power, the device becomes useless and important data stored.

locally in the device might even be lost.

e In addition, most adaptors and chargers have to be plugged into mains sockets
and hence if several are used together, they take up space in plug strips and

create a messy and confusing tangle of wires.

e Besides the above problems with conventional methods of recharging
devices, there are also practical problems associated with devices having an
open electrical contact. For example, devices cannot be used in wet
environments due to the possibility of corroding or shorting out the contacts
and also they cannot be used in flammable gaseous environments due to the

possibility of creating electrical sparks.

Chargers which use .inductive charging remove the need to have open electrical
contacts hence allowing the adaptor and device to be sealed and used in wet
environments (for example the electric toothbrush as mentioned above is designed to
be used in a bathroom). However such chargers still suffer from all other problems
as described above. For example, the devices still need to be placed accurately into a
charger such that the device and the charger are in a predefined relative position (See
Figures la and 1b). The adaptors are still only designed specifically for a certain
make and model of device and are still only capable of charging one device at a time.

As a result, users still need to possess and manage a collection of different adaptors.

Universal chargers (such as the Maha MH-C777 Plus Universal charger) also exist
such that battery packs of different shapes and characteristics can be removed from
the device and charged using a single device. Whilst these universal chargers
eliminate the need for having different chargers for different devices, they create

even more inconvenience for the user in the sense that the battery packs first need to
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be removed, then the charger needs to be adjusted and the battery pack needs to be
accurately positioned in or relative to the charger. In addition, time must be spent to

determine the correct pair of battery pack metal contacts which the charger must use.

It is known from US 3,938,018 “Induction charging system” to provide a means for
non-contact battery charging whereby an inductive coil on the primary side aligns
with a horizontal inductive coil on a secondary device when the device is placed into
a cavity on the primary side. The cavity ensures the relatively precise alignment
which is necessary with this design to ensure that good coupling is achieved between

the primary and secondary coils.

It is also known from US 5,959,433 “Universal Inductive Battery Charger System”
to provide a non-contact battery charging system. The battery charger described
includes a single charging coil which creates magnetic flux lines which will induce
an electrical current in a battery pack which may belong to cellular phones or laptop

computers.

It is also known from US 4,873,677 “Charging Apparatus for an Electronic Device”
to provide an apparatus for charging an electronic device which includes a pair of
coils. This pair of coils is designed to operate in anti-phase such that magnetic flux
lines are coupled from one coil to the other. An electronic device such as a watch

can be placed on these two coils to receive power.

It is also known from US 5,952,814 “Induction charging apparatus and an electronic
device” to provide an induction charger for charging a rechargeable battery. The
shape of the external casing of the electronic device matches the internal shape of the

charger thus allowing for accurate alignment of the primary and secondary coils.

It is also known from US 6,208,115 “Battery substitute pack” to provide a substitute
battery pack which may be inductively recharged.
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It is known from WO 00/61400 “Device for Inductively Transmitting Electrical

Power” to provide a means of transferring power inductively to conveyors.

It is known from WO 95/11545 “Inductive power pick-up coils” to provide a system

for inductive powering of electric vehicles from a series of in-road flat primaries.

To overcome the limitations of inductive power transfer systems which require that
secondary devices be axially aligned with the primary unit, one might propose that
an obvious solution is to use a simple inductive power transfer system whereby the
primary unit is capable of emitting an electromagnetic field over a large area (See
Figure 2a). Users can simply place one or more devices to be recharged within range
of the primary unit, with no requirement to place them accurately. For example this
primary unit may consist of a coil encircling a large area. When a current flows
through the coil, an electromagnetic field extending over a large area is created and
devices can be placed anywhere within this area. Although theoretically feasible,
this method sufférs from a number of drawbacks. Firstly, the intensity of
electromagnetic emissions is governed by regulatory limits. This means that this
method can only suppbrt power transfer at a limited rate. In addition, there are many
objects that can be affected by the presence of an intense magnetic field. For
example, data stored on credit cards maybe destroyed and objects made of metal will
have induced therein eddy currents generating undesired heating effects. In addition,
if a secondary device comprising a conventional coil (see Figure 2a) is placed against
a metallic plate such as a copper plane in a printed circuit board or metallic can of a

cell, coupling is likely to be significantly reduced.

To avoid the generation of large magnetic fields, one might suggest using an array of
coils (See Figure 3) whereby only the coils needed are activated. This method is
described in a paper published in the Journal of the Magnetics Society of Japan titled
“Coil Shape in a Desk-type Contactless Power Station System” (29" Nov 2001). In
ari embodiment of the multiple-coil concept, a sensing mechanism senses the relative
location of the secondary device relative to the primary unit. A control system then

activates the appropriate coils to deliver power to the secondary device in a localised
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fashion. Although this method provides a solution to the problems previously listed,
it does so in a complicated and costly way. The degree to which the primary field
can be localised is limited by the number of coils and hence the number of driving
circuits used (i.e. the “resolution” of the primary unit). The cost associated with a
multiple-coil system would severely limit the commercial applications of this
concept. Non-uniform field distribution is also a drawback. When all the coils are
activated in the primary unit, they sum to an equivalent of a large coil, the magnetic

field distribution of which is seen to exhibit a minimum at the centre of the coil.

Another scheme is outlined in US 5,519,262 “Near Field Power Coupling System”,
whereby a primary unit has a number of narrow inductive coils (or alternatively
capacitive plates) arranged from one end to the other of a flat plate, creating a
mumber of vertical fields which are driven in a phase-shifted manner so that a
sinusoidal wave of activity moves across the plate. A receiving device has two
vertical field pickups arranged so that regardless of its position on the plate it can
always collect poWer from at least one pickup. While this scheme also offers
freedom of movement of the device, it has the disadvantages of needing a complex
secondary device, ha%zing a fixed resolution, and having poor coupling because the

return flux path is through air.

None of the prior art solutions can satisfactorily address all of the problems that have
been described. It would be convenient to have a solution which is capable of
transferring power to portable devices with all of the following features and is cost

effective to implement:

e Universality: a single primary unit which can supply power to different
secondary devices with different power requirements thereby eliminating the
need for a collection of different adaptors and chargers;

e Convenience: a single primary unit which allows secondary devices to be
placed anywhere within an active vicinity thereby eliminating the need for
plugging-in or placing secondary devices accurately relative to an adaptor or

charger;
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e Multiple-load: a single primary unit that can supply power to a number of
secondary different devices with different power requirements at the same
time;

e Flexibility for use in different environments: a single primary unit that can
supply power to secondary devices such that no direct electrical contact is
required thereby allowing for secondary devices and the primary unit itself to
be used in wet, gaseous, clean and other atypical environments;

e Low electromagnetic emissions: a primary unit that can deliver power in a
manner that will minimize the intensity and size of the magnetic field

generated.

It is further to be appreciated that portable appliances are proliferating and they all
need batteries to power them. Primary cells, or batteries of them, must be disposed of
once used, which is expensive and environmentally unfriendly. Secondary cells or

batteries can be recharged and used again and again.

Many portable devices have receptacles for cells of an industry-standard size and
voltage, such as AA, AAA, C, D and PP3. This leaves the user free to choose
whether to use primary or secondary cells, and of various types. Once depleted,
secondary cells must typically be removed from the device and placed into a separate
recharging unit. Alternatively, some portable devices do have recharging circuitry
built-in, allowing cells to be recharged in-situ once the device is plugged-in to an

external source of power.

It is inconvenient for the user to have to either remove cells from the device for
recharging, or to have to plug the device into an external power source for recharging
in-situ. It would be far preferable to be able to recharge the cells without doing

either, by some non-contact means.

Some portable devices are capable of receiving power coupled inductively from a
recharger, for example the Braun Oral B Plak Control toothbrush. Such portable

devices typically have a custom, dedicated power-receiving module built-in to the
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device; which then interfaces with an internal standard cell or battery (which may or

may not be removable).

However it would be convenient if the user could transform any portable device
which accepts industry-standard cell sizes into an inductively-rechargeable device,
simply by fitting inductively-rechargeable cells or batteries, which could then be

recharged in-situ by placing the device onto an inductive recharger.

Examples of prior art include US 6,208,115, which discloses a substitute battery pack

which may be inductively recharged.

According to a first aspect of the present invention, there is provided a system for
transferring power without requiring direct electrical conductive contacts, the system

comprising:

i) a primary uhit including a substantially laminar charging surface and at least
one means for generating an electromagnetic field, the means being distributed in
two dimensions acrosé a predetermined area in or parallel to the charging surface so
as to define at least one charging area of the charging surface that is substantially
coextensive with the predetermined area, the charging area having a width and a
length on the charging surface, wherein the means is configured such that, when a
predetermined current is supplied thereto and the primary unit is effectively in
electromagnetic isolation, an electromagnetic field generated by the means has
electromagnetic field lines that, when averaged over any quarter length part of the
charging area measured parallel to a direction of the field lines, subtend an angle of
45° or less to the charging surface in proximity thereto and are distributed in two
dimensions thereover, and wherein the means has a height measured substantially
perpendicular to the charging area that is less than either of the width or the length of

the charging area; and

ii) at least one secondary device including at least one electrical conductor;
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wherein, when the at least one secondary device is placed on or in proximity to a
charging area of the primary unit, the electromagnetic field lines couple with the at
least one conductor of the at least one secondary device and induce a current to flow

therein.

According to a second aspect of the present invention, there is provided a primary
unit for transferring power without requiring direct electrical conductive contacts, the
primary unit including a substantially laminar charging surface and at least one
means for generating an electromagnetic field, the means being distributed in two
dimensions across a predetermined area in or parallel to the charging surface so as to
define at least one charging area of the charging surface that is substantially
coextensive with the predetermined area, the charging area having a width and a
length on the charging surface, wherein the means is configured such that, when a
predetermined current is supplied thereto and the primary unit is effectively in
electromagnetic isolation, an electromagnetic field generated by the means has
electromagnetic field lines that, when averaged over any quarter length part of the
charging area measured parallel to a direction of the field lines, subtend an angle of
45° or less to the chérging surface in proximity thereto and are distributed in two
dimensions thereover, and wherein the means has a height measured substantially
perpendicular to the charging area that is less than either of the width or the length of
the charging area.

According to a third aspect of the present invention, there is provided a method of
transferring power in a non-conductive manner from a primary unit to a secondary
device, the primary unit including a substantially laminar charging surface and at
least one means for generating an electromagnetic field, the means being distributed
in two dimensions across a predetermined area in or parallel to the charging surface
so as to define at least one charging area of the charging surface that is substantially
coextensive with the predetermined area, the charging area having a width and a
lehigth on the charging surface, the means having a height measured substantially

perpendicular to the charging area that is less than either of the width or the length of
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the charging area, and the secondary device having at least one electrical conductor;

wherein:

i)  an electromagnetic field, generated by the means when energised with a
predetermined current and measured when the primary unit is effectively in
electromagnetic isolation, has electromagnetic field lines that, when averaged over
any quarter length part of the charging area measured parallel to a direction of the
field lines, subtend an angle of 45° or less to the charging surface in proximity
thereto and are distributed in two dimensions over the at least one charging area

when averaged thereover; and

ii) the electromagnetic field links with the conductor of the secondary device

when this is placed on or in proximity to the charging area.

According to a fourth aspect of the present invention, there is provided a secondary
device for use with the system, unit or method of the first, second or third aspects,
the secondary device including at least one electrical conductor and having a

substantially laminar form factor.

In the context of the present application, the word “laminar” defines a geometry in
the form of a thin sheet or lamina. The thin sheet or lamina may be substantially flat,

or may be curved.

The primary unit may include an integral power supply for the at least one means for
generating an electromagnetic field, or may be provided with connectors or the like

enabling the at least one means to be connected to an external power supply.

In some embodiments, the means for generating the electromagnetic field have a
height that is no more than half the width or half the length of the charging area; in
some embodiments, the height may be no more than 1/5 of the width or 1/5 of the
length of the charging area.
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The at least one electrical conductor in the secondary device may be wound about a
core that serves to concentrate flux therein. In particular, the core (where provided)
may offer a path of least resistance to flux lines of the electromagnetic field
generated by the primary unit. The core may be amorphous magnetically permeable

material. In some embodiments, there is no need for an amorphous core.

Where an amorphous core is provided, it is preferred that the amorphous magnetic
material is a non-annealed or substantially as-cast state. The material may be at least
70% non-annealed, or preferably at least 90% non-annealed. This is because
annealing tends to make amorphous magnetic. materials brittle, which is
disadvantageous when contained in a device, such as a mobile phone, which may be
subjected to rpugh treatment, for example by being accidentally dropped. In a
particularly preferred embodiment, the amorphous magnetic material is provided in
the form of a flexible ribbon, which may comprise one or more layers of one or more
of the same or different amorphous magnetic materials. Suitable materials include
alloys which may éontain iron, boron and silicon or other suitable materials. The
alloy is melted and then cooled so rapidly (“quenched”) that there is no time for it to
crystallise as it solidiﬁes, thus leé,ving the alloy in a glass-like amorphous state.
Suitable materials include Metglas® 2714A and like materials. Permalloy or

mumetal or the like may also be used.

The core in the secondary device, where provided, is preferably a high magnetic
permeability core. The relative permeability of this core is preferably at least 100,
even more preferably at least 500, and most preferably at least 1000, with
magnitudes of at least 10,000 or 100,000 being particularly advantageous.

The at least one means for generating an electromagnetic field may be a coil, for
example in the form of a length of wire or a printed strip, or may be in the form of a
conductive plate of appropriate configuration, or may comprise any appropriate
arrangement of conductors. A preferred material is copper, although other
conductive materials, generally metals, may be used as appropriate. It is to be

understood that the term “coil” is here intended to encompass any appropriate

10
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electrical conductor forming an electrical circuit through which current may flow and
thus generate an electromagnetic field. In particular, the “coil” need not be wound
about a core or former or the like, but may be a simple or complex loop or equivalent

structure.

Preferably, the charging area of the primary urﬁt is large enough to accommodate the
conductor and/or core of the secondary device in a plurality of orientations thereof,
In a particularly preferred embodiment, the charging area is large enough to
accommodate the conductor and/or core of the secondary device in any orientation

thereof. In this way, power transfer from the primary unit to the secondary device

. may be achieved without having to align the conductor and/or core of the secondary

device in any particular direction when placing the secondary device on the charging

surface of the primary unit.

The substantially laminar charging surface of the primary unit may be substantially
planar, or may be curved or otherwise configured to fit into a predetermined space,
such as a glove compartment of a car dashboard or the like. It is particularly
preferred that the means for generating an electromagnetic field does not project or

protrude above or beyond the charging surface.

A key feature of the means for generating an electromagnetic field in the primary
unit is that electromagnetic field lines generated by the means, measured when the
primary unit is effectively in magnetic isolation (i.e. when no secondary device is
present on or in proximity to the charging surface), are distributed in two dimensions
over the at least one charging area and subtend an angle of 45° or less to the charging
area in proximity thereto (for example, less than the height or width of the charging
area) and over ény quarter length part of the charging area measured in a direction
generally parallel to that of the field lines. The measurement of the field lines in this
connection is to be understood as a measurement of the field lines when averaged
over the quarter length of the charging area, rather than an instantaneous point
measurement. In some embodiments, the field lines subtend an angle of 30° or less,

and in some embodiments are substantially parallel to at least a central part of the

11
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charging area in question. This is in stark contrast to prior art systems, where the
field lines tend to be substantially perpendicular to a surface of a primary unit. By
generating electromagnetic fields that are more or less parallel to or at least have a
significant resolved component parallel to the charging area, it is possible to control
the ﬁéld so as to cause angular variations thereof, in or parallel to the plane of the
charging area, that help to avoid any stationar}} nulls in the electromagnetic field that
would otherwise reduce charging efficiency in particular orientations of the
secondary device on the charging surface. The direction of the field lines may be
rotated through a complete or partial circle, in one or both directions. Alternatively,
the direction may be caused to “wobble” or fluctuate, or may be switched between
two or more directions. In more complex configurations, the direction of the field

lines may vary as a Lissajous pattern or the like.

In some embodiments, the field lines may be substantially parallel to each other over
any given charging area, or at least have resolved components in or parallel to the
plane of the charging area that are substantially parallel to each other at any given

moment in time.

It is to be appreciated that one means for generating an electromagnetic field may
serve to provide a field for more than one charging area; also that more than one
means may serve to provide a field for just one charging area. In other words, there
need not be a one-to-one correspondence of means for generating electromagnetic

fields and charging areas.

The secondary device may adopt a substantially flat form factor with a core thickness
of 2mm or less. Using a material such as one or more amorphous metal sheets, it is
possible to have core thickness down to lmm or less for applications where size and

weight is important. See Figure 7a.

In a preferred embodiment, the primary unit may include a pair of conductors having

adjacent coplanar windings which have mutually substantially parallel linear sections

arranged so as to produce a substantially uniform electromagnetic field extending
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generally parallel to or subtending an angle of 45° or less to the plane of the

windings but substantially at right angles to the parallel sections.

The windings in this embodiment may be formed in a generally spiral shape,

comprising a series of turns having substantially parallel straight sections.

Advantageously, the primary unit may include first and second pairs of conductors
which are superimposed in substantially parallel planes with the substantially parallel
linear sections of the first pair arranged generally at right angles to the substantially
parallel linear sections of the second pair, and further comprising a driving circuit
which is arranged to drive them in such a way as to generate a resultant field which

rotates in a plane substantially parallel to the planes of the windings.

According to a fifth aspect of the present invention, there is provided a system for
transferring power in a contact-less manner consisting of:

e a primary unit consisting of at least one electrical coil whereby each coil
features at least one active area whereby two or more conductors are
substantially distributed over this area in such a fashion that it is possible for
a secondary device to be placed in proximity to a part of this active area
where the net instantaneous current flow in a particular direction is
substantially non-zero;

e at least one secondary device consisting of conductors wound around a high
permeability core in such a fashion that it is possible for it to be placed in
proximity to an area of the surface of the primary unit where the net
instantaneous current flow is substantially non-zero;

whereby the at least one secondary device is capable of receiving power by means of
electromagnetic. induction when the central axis of the winding is in proximity to the
active area of the primary unit, is substantially not perpendicular to the plane of the
active area of primary unit and is substantially not parallel to the conductors in the

active area of at least one of the coils of the primary unit.

13
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Where the secondary device comprises an inductively rechargeable battery or cell,

the battery or cell may have a primary axis and be capable of being recharged by an

alternating field flowing in the primary axis of the battery or cell, the battery or cell

consisting of:

5 °

an enclosure and ‘external electrical gonnections similar in dimensions to
industry-standard batteries or cells

an energy-storage means

an optional flux-concentrating means

a power-receiving means

a means of converting the received power to a form suitable for delivery to
outside the cell through the external electrical connections, or to recharge the

energy storage means, or both.

The proposed invention is a significant departure from the design of conventional

15  inductive power transfer systems. The difference between conventional systems and

the proposed system is best illustrated by looking at their respective magnetic flux

line patterns. (See Figure 2a and 4)
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Conventional System: In a conventional system (See Figure 2a), there is
typically a planar primary coil which generates a magnetic field with flux
lines coming out of the plane in a perpendicular fashion. The secondary
device has typically a round or square coil that encircles some or all of these

flux lines.

Proposed system: In the proposed system, the magnetic field travels
substantially horizontally across the surface of the plane (see Figure 4)
instead of directly out of the plane as illustrated in Figure 2a. The secondary
device hence may have an elongated winding wound around a magnetic core.
See Figure 7a and 7b. When the secondary device is placed on the primary
unit, the flux lines would be attracted to travel through the magnetic core of
the secondary device because it is the lowest reluctance path. This causes the

secondary device and the primary unit to be coupled effectively. The
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secondary core and winding may be substantially flattened to form a very thin

component.

In.describing the invention, specific terminology will be resorted to for the sake of
clarity. However, it is not intended that the invention be limited to the specific terms
so selected and it is to be understood that each specific term includes all technical

equivalents which operate in a similar manner to accomplish a similar purpose.

It is to be understood that the term “charging area” used in this patent application
may refer to the area of the at least one means for generating a field (e.g. one or more
conductors in the form of a coil) or an area formed by a combination of primary
conductors where the secondary device can couple flux effectively. Some
embodiments of this are shown in Figures 6a to 61 and 9c as component 740. A
feature of a ““charging area” is a distribution of conductors over a significant area of
the primary unit configured such that it is possible for the at least one means for
generating a field to be driven to achieve an instantaneous net flow of flux in one
direction. A primary unit may have more than one charging area. One charging area
is distinct from another charging area when flux cannot be effectively coupled by the

secondary device (such as those shown in Figure 7a) in any rotation at the boundary.

It is to be understood that the term “coil” used in this patent refers to all conductor
configurations which feature a charging area as described above. This includes
windings of wire or printed tracks or a plane as shown in Figure 8e. The conductors

may be made of copper, gold, alloys or any other appropriate material.

The present application refers to the rotation of a secondary device in several places.
It is to be clarified here that if a secondary device is rotated, the axis of rotation being

referred to is the one perpendicular to the plane of the charging area.

This radical change in design overcomes a number of drawbacks of conventional

systems. The benefits of the proposed invention include:
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No need for accurate alignment: The secondary device can be placed

anywhere on a charging area of the primary unit;

Uniform coupling: In the proposed invention, the coupling between the
primary unit and secondary device is much more uniform over the charging
area compared to a conventional primary and secondary coil. In a
conventional large coil system (see Figure 2a), the field strength dips to a
minimum at the centre of the coil, in the plane of the coil (see Figure 2b).
This implies that if sufficient power is to be effectively transferred at the
centre, the field strength at the minimum has.to be above a certain threshold.
The field strength at the maximum will then be excessively higher than the

required threshold and this may cause undesirable effects.

Universality: a number of different secondary devices, even those having
different power requirements, can be placed within charging areas on the

charging surface of the primary unit to receive power simultaneously;

Increased coﬁpling coefficiency: Optional high permeability magnetic
material present in the secondary device increases the induced flux
significantly by offering a low reluctance path. This can significantly

increase the power transfer.

Desirable form factor for secondary device: The geometry of the system
allows thin sheets of magnetic material (such as amorphous metal ribbons) to
be used. This means that secondary devices can have the form factor of a
thin sheet, making it suitable to be incorporated at the back of mobile phones
and other electronic devices. If magnetic material was to be used in the
centre of conventional coils, it is likely to increase the buﬁciness of the

secondary device.

Minimised field leakage: When one or more secondary devices are present in

the charging area of the primary unit, it is possible to use magnetic material in
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such a way that more than half of the magnetic circuit is low reluctance
magnetic material (see figure 4d). This means that more flux flows for a
given magneto-motive force (mmf). As the induced voltage is proportional to
the rate of change of flux linked, this will increase the power transfer to the
secondary device. - The fewer and shorter the air gaps are in the magnetic
circuit, the less the field will fringe, tHe closer the flux is kept to the surface

of the primary unit and hence leakage is minimized.

Cost effectiveness: Unlike the multiple-coil design, this solution requires a

much simpler control system and fewer components.

Free axial rotation of secondary device: If the secondary device is thin or
optionally even cylindrical (see Figure 10), it may be constructed such that it
continues to couple well to the flux regardless of its rotation about its longest
axis. This may in particular be an advantage if the secondary device is a
battery cell fitted within another device, when its axial rotation may be

difficult to control.

The magnetic core in the secondary device may be located near other parallel
planes of metal within or near the device, for example a copper printed circuit
board or aluminium cover. In .this case, the performance of embodiments of
the present invention is significantly better than that of a conventional core-
wound coil because the field lines through a conventional device coil will
suffer flux-exclusion if the coil is placed up against the metal plane (because
the lines of flux must travel perpendicular to the plane of the coil). Since in
embodiments of the present invention the lines of flux travel along the plane
of the cbre, and therefore also of the metal plane, performance is improved.
An additional benefit is that the magnetic core in a secondary device of
embodiments of the present invention can act as a shield between the
electromagnetic field generated by the primary unit and any items (e.g.

electrical circuits, battery cells) on the other side of the magnetic core.
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Because its permeability is higher than that of air, the magnetic core of the
secondary device of embodiments of the present invention acts to concentrate
magnetic flux, thus capturing more flux than would otherwise flow through
an equivalent cross-section of air. The size of the core’s “shape factor” (the
equivalent flux-capturing sphere) is determined to a first-order approximation
by the longest planar dimension of tﬁe core. Therefore if the core of the
secondary device of embodiments of the present invention has planar
dimensions with a significantly non-square aspect ratio, for example a 4:1
rectangle instead of a 1:1 square, it will capture proportionally more of any
flux travelling parallel to the direction of its longest planar dimension.
Therefore if used in devices which have a constrained aspect ratio (for
example a long thin device such as a headset or pen), a significant increase in
performance will be experienced compared with that of a conventional coil of

the same area.

The primary unit typically consists of the following components. (See Figure 5)
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Power supply: This power supply converts mains voltage into a lower
voltage dc supply. This is typically a conventional transformer or a switch-

mode power supply;

Control unit: The control umit serves the function of maintaining the
resonance of the circuit given that the inductance of the means for generating
a field changes with the presence of secondary devices. To enable this
function, the control unit may be coupled to a sensing unit which feeds back
the current status of the circuit. It may also be coupled to a library of
capacitdrs which may be switched in and out as required. If the means for
generating a field requires more than one driving circuit, the control unit may
also coordinate the parameters such as the phase difference or on/off times of
different driving circuits such that the desired effect is achieved. It is also

possible for the Q (quality factor) of the system to be designed to function
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over a range of inductances such that a need for the above control system is

eliminated;

Driving circuit: The driving unit is controlled by the control unit and drives a
changing current through the means for generating a field or a component of
the means. More than one driving circuit may be present depending on the

number of independent components in the means;

Means for generating an electromagnetic field: The means uses current
supplied from the driving circuits to generate electrorﬁagnetic fields of pre-
defined shapes and intensities. The exact configuration of the means defines -
the shape and intensity of the field generated. The means may include
magnetic material to act as flux guides and also one or more independently
driven components (windings), together forming the charging area. A
number of embodiment designs are possible and examples are shown in

Figures 6.

Sensing unit: The sensing unit retrieves and sends relevant data to the control

unit for interpretation.

The secondary device typically consists of the following components, as shown in

Figure 5.
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Magnetic unit: the magnetic unit converts the energy stored in the magnetic
field generated by the primary unit back into electrical energy. This is
typically implemented by means of a winding wound around a highly
penneabie magnetic core. The largest dimension of the core typically

coincides with the central axis of the winding.

Conversion unit: the conversion unit converts the fluctuating current received
from the magnetic unit into a form that is useful to the device that it is

coupled to. For example, the conversion unit may convert the fluctuating
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current into an unregulated dc supply by means of a full-wave bridge rectifier
and smoothing capacitor. In other cases, the conversion unit may be coupled

to a heating element or a battery charger. There'is also typically a capacitor

present either in parallel or in series with the magnetic unit to form a resonant

circuit at the operating frequency of the primary unit.

In typical operation, one or more secondary devices are placed on top of the charging

surface of the primary unit. The flux flows through the at least one conductor and/or

core of the secondary devices present and current is induced. Depending on the

configuration of the means for generating a field in the primary unit, the rotational

- orientation of the secondary device may affect the amount of flux coupled.

The primary unit

The primary unit may exist in many different forms, for example:

As a flat plétform or pad which can sit on top of tables and other flat surfaces;
Built in to furniture such as desks, tables, counters, chairs, bookcases etc.
such that the pnxnary unit may not be visible; »
As part of an enclosure such as a drawer, a box, a glove compartment of a
car, a container for power tools;

As a flat platform or pad which can be attached to a wall and used vertically.

The primary unit may be powered from different sources, for example:

A mains AC power outlet
A vehicle lighter socket
Batteries

Fuel Cells

Solar Panel

Human power

The primary unit may be small enough such that only one secondary device may be

accommodated on the charging surface in a single charging area, or may be large

Page 1331 of 1718
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enough to accommodate many secondary devices simultaneously, sometimes in

different charging areas.

The means for generating a field in the primary unit may be driven at mains

frequency (50Hz or 60Hz) or at some higher frequency.

The sensing unit of the primary unit may sense the presence of secondary devices,
the number of secondary devices present and even the presence of other magnetic
material which is not part of a secondary device. This information may be used to

control the current being delivered to the field generating means of the primary unit.

The primary unit and/or the secondary device may be substantially waterproof or

explosion proof.

The primary unit and/or the secondary device may be hermetically sealed to

standards such as TP66.

The primary unit may incorporate visual indicators (for example, but not limited to,
light emitting devices, such as light emitting diodes, electrophosphorescent displays,
light emitting polymers, or light reflecting devices, such as liquid crystal displays or
MITs electronic paper) to indicate the current state of the primary unit, the presence
of secondary devices or the number of secondary devices present or any combination

of the above.

The means for generating an electromagnetic field
The field generating means as referred to in this application includes all
configurations of conductors where:
e The conductors are substantially distributed in the plane and;
e Substantial areas of the plane exist where there is a non-zero net
instantaneous current flow. These are areas on which, given the correct
orientation, the secondary devices will couple effectively and receive power.

(See Figure 6)
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The conductors are capable of generating an electromagnetic field where the
field lines subtend an angle of 45° or less or are substantially parallel to a

substantial area of the plane.

5  Figures 6 illustrate some possibilities for such a primary conductor. Althbugh most

of the configurations are in fact coil windings, it is to be appreciated that the same

effect can also be achieved with conductor planes which are not typically considered

to be coils (See Figure 6¢). These drawings are typical examples and are non-

exhaustive. These conductors or coils may be used in combination such that the

10  secondary device can couple effectively in all rotations whilst on the charging area(s)

of the primary unit.

Magnetic Material

It is possible to use magnetic materials in the primary unit to enhance performance.
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Magnetic material may be placed below one or more charging areas or the
entire charging surface such that there is also a low reluctance path on the
underside of the conductors for the flux to complete its path. According to
theory, an anélogy can be drawn between magnetic circuits and electrical
circuits. Voltage is analogous to magneto-motive force (mmf), resistance is
analogous to reluctance and current is analogous to flux. From this, it can be
seen that for a given mmf, flux flow will increase if the reluctance of the path
is decreased. By providfng magnetic material to the underside of the
charging area, the reluctance of the magnetic circuit is essentially decreased.
This substantially increases the flux linked by the secondary device and
ultimately increases the power transferred. Figure 4d illustrates a sheet of
magnetic material placed underneath the charging area and the resulting

magnetic circuit.

Magnetic material may also be placed above the charging surface and/or
charging area(s) and below the secondary devices to act as a flux guide. This
flux guide performs two functions: Firstly, the reluctance of the whole

magnetic circuit is further decreased allowing more flux to flow. Secondly, it
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provides a low reluctance path along the top surface of the charging area(s) so
the flux lines will flow through these flux guides in favour of flowing through
the air. Hence this has the effect of containing the field close to the charging
surface of the primary unit instead of in the air. The magnetic material used
for flux guides may be strategically or deliberately chosen to have different
magnetic properties to the magnetic cére (where provided) of the secondary
device. For example, a material with lower permeability and higher
saturation may be chosen. High saturation means that the material can carry
more flux and the lower permeability means that when a secondary device is
in proximity, a significant amount of flux would then choose to travel through

the secondary device in favour of the flux guide. (See Figures 8)

In some configurations of the primary unit field generating means, there may
be conductors present that do not form part of the charging area, such as the
component marked 745 in Figure 6a and 6b. In such cases, one may wish to

use magnetic material to shield the effects of these conductors.

Examples of some materials which may be used include but are not limited
to: amorphous metal (metallic glass alloys such as MetGlas™), mesh of wires

made of magnetic material, steel, ferrite cores, mumetal and permalloy.

The Secondary device

The secondary device may take a variety of shapes and forms. Generally, in order

for good flux linkage, a central axis of the conductor (for example, a coil winding)

25  should be substantially non-perpendicular to the charging area(s).
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The secondary device may be in the shape of a flattened winding. (See
Figure ’7a) The magnetic core inside can consist of sheets of magnetic
material such as amorphous metals. This geometry allows the secondary
device to be incorporated at the back of electronic devices such as mobile
phones, personal digital assistants and laptops without adding bulk to the

device.
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The secondary device may be in the shape of a long cylinder. A long
cylindrical core could be wound with conductors (See Figure 7b).

The secondary device may be an object with magnetic material wrapped

~around it. An example is a standard-sized (AA, AAA, C, D) or other

sized/shaped (e.g. dedicated/customised for particular applications)
rechargeable battery cell with for example magnetic material wrapped around
the cylinder and windings around the cylindrical body.

The secondary device may be a combination of two or more of the above.

The above embodiments may even be combined with a conventional coil.

The following non-exhaustive list illustrates some examples of objects that can be

coupled to a secondary device to receive power. Possibilities are not limited to those

described below:

Page 1335 of 1718

A mobile communication device, for example a radio, mobile telephone or
walkie-talkie;

A portable .computing device, for example a personal digital assistant or
palmtop or laptop computer;

Portable enterfainment devices, for example a music player, games console or
toy;

Personal care items, for example a toothbrush, shaver, hair curler, hair rollers;
A portable imaging device, for example a video camcorder or a camera;
Containers of contents that may require heating, for example coffee mugs,
plates, cooking pots, nail-polish and cosmetic containers;

Consumer devices, for example torches, clocks and fans;

Power tools, for example cordless drills and screwdrivers;

Wireless peripheral devices, for example wireless computer mouse, keyboard
and headset;

Time keeping devices, for example clock, wrist watch, stop watch and alarm
clock;

A battery-pack for insertion into any of the above;

A standard-sized battery cell.
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In the case of unintelligent secondary devices such as a battery cell, some
sophisticated charge-control means may also be necessary to meter inductive power
to the cell and to deal with situations where multiple cells in a device have different
charge states. Furthermore, it becomes more important for the primary unit to be able
to indicate a “charged” condition, since the secondary cell or battery may not be

easily visible when located inside another electrical device.

A possible system comprising an inductively rechargeable battery or cell and a
primary unit is shown in Figure 10. In addition to the freedom to place the battery
920 freely in (X,Y) and optionally rotate it in rZ, relative to the primary unit 910, the

battery can also be rotated along its axis rA while continuing to receive power.

When a user inserts a battery into a portable device, it is not easy to ensure that it has
any given axial rotation. Therefore, embodiments of the present invention are highly
advantageous because they can ensure that the battery can receive power while in

any random orientation about rA.

The battery or cell may include a flux concentrating means that may be arranged in a

variety of ways:

1. As shown in Figure 11la, a cell 930 may be wrapped in a cylinder of flux-
concentrating material 931, around which is wrapped a coil of wire 932.
a. The cylinder may be long or short relative to the length of the cell.
2. As shown in Figure 11b, a cell 930 may have a portion of flux-concentrating
material 931 on its surface, around which is wrapped a coil of wire 932.
a. The portion may be conformed to the surface of the cell, or embedded
within it.
b. Its area may be large or small relative to the circumference of the cell,
and long or short relative to the length of the cell.
. 3. As shown in Figure 1llc, a cell 930 may contain a portion of flux-
concentrating material 931 within it, around which is wrapped a coil of wire

932.
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a. The portion may be substantially flat, cylindrical, rod-like, or any
other shape.
b. Iis width may be large or small relative to the diameter of the cell

c. Itslength may be large or small relative to the length of the cell

In any of these cases, the flux-concentrator may be a functional part of the battery
enclosure (for example, an outer zinc electrode) or the battery itself (for example, an

inner electrode).

Issues relating to charging of secondary cells (e.g. AA rechargeable cells in-situ
within an appliance include:
e Terminal voltage could be higher than normal.
e Cells in series may behave strangely, particularly in situations where some
cells are charged, others not.
e Having to provide enough power to run the device and charge the cell.

e If fast-charging is effected incorrectly, the cells may be damaged.

Accordingly, some séphisticated charge-control means to meter inductive power to
the appliance and the cell is advantageously provided. Furthermore, it becomes more
important for the primary unit to be able to indicate a “charged” condition, since the
secondary cell or battery may not be easily visible when located inside an electrical

device.

A cell or battery enabled in this fashion may be charged whilst fitted in another
device, by placing the device onto the primary unit, or whilst outside the device by

placing the cell or battery directly onto the primary unit.
Batteries enabled in this fashion may be arranged in packs of cells as in typical

devices (e.g. end-to-end or side-by-side), allowing a single pack to replace a set of

cells.
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Alternatively, the secondary device may consist of a flat “adapter” which fits over
the batteries in a device, with thin electrodes which force down between the battery

electrodes and the device contacts.

Rotat;'ng electromagnetic field _
In the coils such as those in Figure 6, 9a and 9b, the secondary devices will generally
only couple effectively when the windings are placed substantially parallel to the
direction of net current flow in the primary conductor as shown by the arrow 1. In
some applications, one might require a primary unit which will transfer power
effectively to secondary devices regardless of their rotation as lc}ng as:

e the central axis of the secondary conductor is not perpendicular to the plane

and;

e the secondary device is in close proximity to the primary unit

To enable this, it is possible to have two coils, for example one positioned on top of
the other or one vaen into or otherwise associated with the other, the second coil
capable of generating a net current flow substantially perpendicular to the direction
of the first coil at any point in the active area of the primary unit. These two coils
may be driven alternately such that each is activated for a certain period of time.
Another possibility is to drive the two coils in quadrature such that a rotating
magnetic dipole is generated in the plane. This is illustrated in Figure 9. This is also

possible with other combinations of coil configurations.

Resonant circuits

It is known in the art to drive coils using parallel or series resonant circuits. In series
resonant circuits for example, the impedance of the coil and the capacitor are equal
and opposite at 'resonance, hence the total impedance of the circuit is minimised and
a maximum current flows through the primary coil. The secondary device is
typically also tuned to the operating frequency to maximise the induced voltage or

current.
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In some systems like the electric toothbrush, it is common to have a circuit which is
detuned when the secondary device is not present and tuned when the secondary
device is in place. The magnetic material present in the secondary device shifts the
self-inductance of the primary unit and brings the circuit into resonance. In other
systems like passive radio ‘tags, there is no magnetic material in the secondary device
and hence does not affect the resonant frequency of the system. These tags are also
typically small and used far from the primary unit such that even if magnetic material

is present, the inductance of the primary is not significantly changed.

In the proposed system, this is not the case:
e High permeability magnetic material may be present in the secondary device
and is used in close proximity to the primary unit;
e One or more secondary devices may be brought in close proximity to the

primary unit simultaneously.

This has the effect of shifting the inductance of the primary significantly and also to
different levels depending on the number of secondary devices present on the pad.
When the inductance of the primary unit is shifted, the capacitance required for the
circuit to resonant at a particular frequency also changes. There are three methods
for keeping the circuit at resonance:

e By means of a control system to dynamically change the operating frequency;

e By means of a control system to dynamically change the capacitance such

that resonance is achieved at the predefined frequency;
e By means of a low Q system where the system remains in resonance over a

range of inductances.

The problem with changing the operating frequency is that the secondary devices are
typically configured to resonate at a predefined frequency. If the operating
frequency changes, the secondary device would be detuned. To overcome this
problem, it is possible to change the capacitance instead of the operating frequency.
The secondary devices can be designed such that each additional device placed in

proximity to the primary unit will shift the inductance to a quantised level such that
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an appropriate capacitor can be switched in to make the circuit resonate at a
predetermined frequency. Because of this shift in resonant frequency, the number of
devices on the charging surface can be detected and the primary unit can also sense
when something is brought near or taken away from the charging surface. If a
magnétically permeable object other than a valid secondary device is placed in the
vicinity of the charging surface, it is unlikely to shift the system to the predefined
quantised level. In such circumstances, the system could automatically detune and

reduce the current flowing into the coil.

For a better understanding of the present invention and to show how it may be
carried into effect, reference shall now be made, by way of example only, to the

accompanying drawings, in which:

FIGURE 1 shows the magnetic design of typical prior art contact-less power transfer

systems which require accurate alignment of the primary unit and secondary device;

FIGURE 2a shows the magnetic design of another typical prior art contact-less

power transfer system which involves a large coil in the primary unit;

FIGURE 2b shows the non-uniform field distribution inside the large coil at 5Smm

distance from the plane of the coil, exhibiting a minimum in the centre;

FIGURE 3 shows a multiple-coil system where each coil is independently driven

such that a localised field can be generated.

FIGURE 4a shows an embodiment of the proposed system which demonstrates a

substantial depérture from prior art with no secondary devices present;

FIGURE 4b shows an embodiment of the proposed system with two secondary

devices present;

FIGURE 4c shows a cross section of the active area of the primary unit and the
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contour lines of the magnetic flux density generated by the conductors.

FIGURE 4d shows the magnetic circuit for this particular embodiment of the

proposed invention;

FIGURE 5 shows a schematic drawing of an embodiment of the primary unit and the

secondary device;

FIGURE 6a to 61 show some alternative embodiment designs for the field generating

means or a component of the field generating means of the primary unit;

FIGURES 7a and 7b show some possible designs for the magnetic unit of the

secondary device;

FIGURES 8 shows the effect of flux guides (the thickness of the flux guide has been

exaggerated for clarity);

FIGURE 8a shows that without flux gﬁides, the field tends to fringe into the air

directly above the active area;

FIGURE 8b shows the direction of current flow in the conductors in this particular

embodiment;

FIGURE 8c shows that the flux is contained within the flux guides when magnetic

material is placed on top of the charging area;
FIGURE 8d shows a secondary device on top of the primary unit;
FIGURE 8e shows a cross section of the primary unit without any secondary devices;

FIGURE 8f shows a cross section of the primary unit with a secondary device on top

and demonstrates the effect of using a secondary core with higher permeability than

30

Page 1341 of 1718



10

15

20

25

30

WO 03/096512 ,PCT/GB03/02030

the flux guide.

FIGURE 9a shows a particular coil arrangement with a net instantaneous current

flow shown by the direction of the arrow;

FIGURE 9b shows a similar coil arrangement to FIGURE 9a except rotated by 90
degrees;

FIGURE 9c shows the charging area of the primary unit if the coil of FIGURE 9a is
placed on top of FIGURE 9b. If the coil in FIGURE 9a is driven in quadrature to
FIGURE 9b, the effect is a rotating magnetic dipole shown here;

FIGURE 10 shows the case where the secondary device has an axial degree of

rotation;

FIGURE 11 shows various arrangements of secondary devices with axial degrees of

rotation;

FIGURE 12a and FIGURE 12b show another embodiment of the type of coil
arrangement shown in FIGURE 9a and FIGURE 9b; and

FIGURE 13 shows a simple embodiment of driving unit electronics.

Referring firstly to Figure 1, there is shown two examples of prior art contact-less
power transfer systems which both require accurate alignment of a primary unit and a
secondary device. This embodiment is typically used in electric toothbrush or

mobile phone chargers.

Figure la shows a primary magnetic unit 100 and a secondary magnetic unit 200.
On the primary side, a coil 110 is wound around a magnetic core 120 such as ferrite.
Similarly, the secondary side consists of a coil 210 wound around another magnetic

core 220. In operation, an alternating current flows in to the primary coil 110 and
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generates lines of flux 1. When a secondary magnetic unit 200 is placed such that it
is axially aligned with the primary magnetic unit 100, the flux 1 will couple from the

primary into the secondary, inducing a voltage across the secondary coil 210.

Figure 1b shows a split transformer. The primary magnétic unit 300 consists of a U-
shaped core 320 with a coil 310 wound around it. When alternating current flows
into the primary coil 310, changing lines of flux are generated 1. The secondary
magnetic unit 400 consists of a second U-shaped core 420 with another coil 410
wound around it. When the secondary magnetic unit 400 is placed on the primary
magnetic unit 300 such that the arms of the two U-shaped cores are in alignment, the
flux will couple effectively into the core of the secondary 420 and induce voltage

across the secondary coil 410.

Figure 2a is another embodiment of prior art inductive systems typically used in
powering radio frequency passive tags. The primary typically consists of a coil 510
covering a large area. Multiple secondary devices 520 will have voltage induced
therein when they are within the area encircled by the primary coil 510. This system
does not require the secondary coil 520 to be accurately aligned with the primary coil
510. Figure 2b shows a graph of the magnitude of magnetic flux intensity across the
area encircled by the primary coil 510 at Smm above the plane of the primary coil. It
shows a non-uniform field, which exhibits a minimum 530 at the centre of the

primary coil 510.

Figure 3 is another embodiment of a prior art inductive system wherein a multiple
coil array is used. The primary magnetic unit 600 consists of an array of coils
including coils 611, 612, 613. The secondary magnetic unit 700 may consist of a
coil 710. When the secondary magnetic unit 700 is in proximity to some coils in the
primary magnetic unit 600, the coils 611, 612 are activated while other coils such as
613 remain inactive. The activated coils 611, 612 generate flux, some of which will

couple into the secondary magnetic unit 700.

Figure 4 shows an embodiment of the proposed invention. Figure 4a shows a
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primary coil 710 wound or printed in such a fashion that there is a net instantaneous
current flow within the active area 740. For example, if a dc current flows through
the primary coil 710, the conductors in the active area 740 would all have current
flowing in the same direction. Current flowing through the primary coil 710
generates flux 1. A layer of magnetic material 730 is present beneath the charging
area to provide a return path for the flux. | Figure 4b shows the same primary
magnetic unit as shown in Figure 4a with two secondary devices 800 present. When
the secondary devices 800 are placed in the correct orientation on top of the charging
area 740 of the primary magnetic unit, the flux 1 will flow through the magnetic core
of the secondary devices 800 instead of flowing through the air. The flux 1 flowing

through the secondary core would hence induce current in the secondary coil.

Figure 4c shows some contour lines for the flux density of the magnetic field
generated by the conductors 711 in the charging area 740 of the primary magnetic
unit. There is a layer of magnetic material 730 beneath the conductors to provide a

low reluctance return path for the flux.

Figure 4d shows a cross-section of the charging area 740 of the primary magnetic
unit. A possible path for the magnetic circuit is shown. The magnetic material 730
provides a low reluctance path for the circuit and also the magnetic core 820 of the
secondary magnetic device 800 also provides a low reluctance path. This minimizes

the distance the flux has to travel through the air and hence minimizes leakage.

Figure 5 shows a schematic drawing of an embodiment of the whole system of the
proposed invention. In this embodiment, the primary unit consists of a power supply
760, a control unit 770, a sensing unit 780 and an electromagnetic unit 700. The
power supply 7 60 converts the mains (or other sources of power) into a dc supply at
an appropriate voltage for the system. The control unit 770 controls the driving unit
790 which drives the magnetic unit 700. In this embodiment, the magnetic unit
consists of two independently driven components, coil 1 and coil 2, arranged such
that the conductors in the charging area of coil 1 would be perpendicular to the

conductors in the charging area of coil 2. When the primary unit is activated, the

33

Page 1344 of 1718



10

15

20

25

30

WO 03/096512 PCT/GB03/02030

control unit causes a 90-degree phase shift between the alternating current that flows
through coil 1 and coil 2. This creates a rotating magnetic dipole on the surface of
the primary magnetic unit 700 such that a secondary device is able to receive power
regardless of its rotational orientation (See Figure 9). In standby mode where no
secon;lary devices are present, the primary unit is detuned and current flow into the
magnetic unit 700 is minimised. When a seéondary device is placed on top of the
charging area of the primary unit, the inductance of the primary magnetic unit 700 is
changed. This brings the primary circuit into resonance and the current flow is
maximised. When there are two secondary devices present on the primary unit, the
inductance is changed to yet another level and the primary circuit is again detuned.
At this point, the control unit 770 uses feedback from the sensing unit 780 to switch
another capacitor into the circuit such that it is tuned again and current flow is
maximised. In this embodiment, the secondary devices are of a standard size and a
maximum of six standard-sized devices can receive power from the primary unit
simultaneously. Due to the standard sizes of the secondary devices, the change in
inductance due to the change in secondary devices in proximity is quantized to a
number of predefined levels such that only a maximum of 6 capacitances is required

to keep the system operating at resonance.

Figures 6a to 61 show a number of different embodiments for the coil component of
the primary magnetic unit. These embodiments may be implemented as the only coil
component of the primary magnetic unit, in which case the rotation of the secondary
device is important to the power transfer. These embodiments may also be
implemented in combination, not excluding embodiments which are not illustrated
here. For example, two coils illustrated in Figure 6a may be placed at 90 degrees to
each other to form a single magnetic unit. In Figures 6a to 6e, the charging area 740
consists of a series of conductors with het current generally flowing in the same
direction. In certain configurations, such as Figure 6c, there is no substantial linkage
when the secondary device is placed directly over the centre of the coil and hence
power is not transferred. In Figure 6d, there is no substantial linkage when the

secondary device is positioned in the gap between the two charging areas 740.
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Figure 6f shows a specific coil configuration for the primary unit adapted to generate
electromagnetic field lines substantially parallel to a surface of the primary unit
within the charging area 740. Two primary windings 710, one on either side of the
charging area 740, are formed about opposing arms of a generally rectangular flux
guide 750 made out of a magnetic material, the primary windings 710 generating
opposing electromagnetic fields. The flux gﬁide 750 contains the electromagnetic
fields and creates a magnetic dipole across the charging area 740 in the direction of
the arrows indicated on the Figure. When a secondary device is placed in the
charging area 740 in a predetermined orientation, a low reluctance path is created and
flux flows through the secondary device, causing effective coupling and power
transfer. It is to be appreciated that the flux guide 750 need not be continuous, and

may in fact be formed as two opposed and non-linked horseshoe components.

Figure 6g shows another possible coil configuration for the primary unit, the coil
configuration being adapted to generate electromagnetic field lines substantially
parallel to the charging surface of the primary unit within the charging area 740. A
primary winding 710 is wound around a magnetic core 750 which may be ferrite or
some other suitable material. The charging area 740 includes a series of conductors
with instantaneous net current generally flowing in the same direction. The coil
configuration of Figure 6g is in fact capable of supporting or defining a charging area
740 on both upper and lower faces as shown in the drawing, and depending on the
design of the primary unit, one or both of the charging areas may be made available

to secondary devices.

Figure 6h shows a variation of the configuration of Figure 6g. Instead of the primary
windings 710 being evenly spaced as in Figure 6g, the windings 710 are not evenly
spaced. The sj)acing and variations therein can be selected or designed so as to
provide improved uniformity of performance or field strength levels over the

charging area 740.

Figure 6i shows an embodiment in which two primary windings 710 as shown in

Figure 6g are located in a mutually orthogonal configuration so as to enable a
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direction of the field lines to be dynamically switched or rotated to other orientations

about the plane of the charging surface.

Figures 6j and 6k show additional two-coil configurations for the primary unit which

are not simple geometric shapes with substantially parallel conductors.

In Figure 6j, line 710 indicates one of a set of current-carrying conductors lying in
the plane of the charging surface 600. The sha{ae of the main conductor 710 is
arbitrary and need not be a regular geometric figure — indeed, conductor 710 may

have straight and curved sections and may intersect with itself. One or more

-. subsidiary conductors 719 are arranged alongside and generally parallel (at any given

local point) to the main conductor 710 (only two subsidiary conductors 719 are
shown here for clarity). Current flow in subsidiary conductors 719 will be in the
same direction as in the main conductor 710. The subsidiary conductors 719 may be

connected in series or parallel so as to form a single coil arrangement.

In Figure 6k, a set of current-carrying conductors 720 (only some of which are
shown for clarity) is arranged in the plane of the charging surface 600. A main
conductor 710 is provided as in Figure 6j, and the conductors 720 are each arranged
so as to be locally orthogonal to the main conductor 710. The conductors 720 may
be comnected in series or parallel so as to form a single coil arrangement. If a first
sinusoidal current is fed into the conductor 710, and a second sinusoidal current
having a 90° phase shift relative to the first current is fed into the coil 720, then by
varying the relative proportions and signs of the two currents a direction of a
resultant electromagnetic field vector at most points on the charging area 740 will be

seen to rotate through 360°.

Figure 61 shows yet another alternative arrangement in which the magnetic core 750
is in the shape of a round disc with a hole in the centre. The first set of current
carrying conductors 710 is arranged in a spiral shape on the surface of the round disc.
The second set of conductors 720 is wound in a toroidal format through the centre of

the disc and out to the perimeter in a radial fashion. These conductors can be driven
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in such a way, for example with sinusoidal currents at quadrature, that when a
secondary device is placed at any point inside the charging area 740 and rotated
about an axis perpendicular to the charging area, no nulls are observed by the

secondary device.

Figure 7a and 7b are embodiments of the préposed secondary devices. A winding
810 is wound around a magnetic core 820. Two of these may be combined in a
single secondary device, at right angles for example, such that the secondary device
is able to effectively couple with the primary unit at all rotations. These may also be
combined with standard coils, as the ones shown in Figure 2a 520 to eliminate dead

spots.

Figure 8 shows the effect of flux guides 750 positioned on top of the charging area.
The thickness of the material has been exaggerated for the sake of clarity but in
reality would be in the order of millimetres thick. The flux guides 750 will minimize
leakage and contain the flux at the expense of reducing the amount of flux coupled to
the secondary device. In Figure 8a, a primary magnetic unit is shown without flux
guides 750. The field will tend to fringe into the air directly above the charging area.
With flux guides 750, as shown in Figure 8b to 8f, the flux is contained within the
plane of the material and leakage is minimised. In Figure 8e, when there is no
secondary device 800 on top, the flux remains in the flux guide 750. In Figure 8f,
when a secondary device 800 is present with a relatively more permeable material as
the core, part of the flux will flow via the secondary device. The permeability of the
flux guide 750 can be chosen such that it is higher than that of typical metals such as
steel. When other materials such as steel, which are not part of secondary devices
800, are placed on top, most of the flux will remain in the flux guide 750 instead of
travelling through the object. The flux guide 750 may not be a continuous layer of
magnetic material but may have small air gaps in them to encourage more flux flow

into the secondary device 800 when it is present.

Figure 9 shows an embodiment of a primary unit whereby more than one coil is used.

Figure 9a shows a coil 710 with a charging area 740 with current flow parallel to the
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direction of the arrow 2. Figure 9b shows a similar coil arranged at 90 degrees to the
one in Figure 9a. When these two coils are placed on top of each other such that the
charging area 740 overlaps, the charging area will look like the illustration in Figure
9c. Such an embodiment would allow the secondary device to be at any rotation on

top of the primary unit and couple effectlvely

Figure 10 shows an embodiment where the secondary device has an axial degree of
rotation, for example where it is, or is embedded within, a battery cell. In this
embodiment the secondary device may be constructed such that it couples to the
primary flux when in any axial rotation (rA) relative to the primary unit (910), as
well as having the same degrees of freedom- described above (i.e. translational (X,Y)

and optionally rotational perpendicular to the plane of the primary (rZ)).

Figure 11a shows one arrangement where a rechargeable battery cell 930 is wrapped
with an optional cylinder of flux-concentrating material 931 which is itself wound
with copper wire 932. The cylinder may be long or short relative to the length of the

cell.

Figure 11b shows another arrangement where the flux-concentrating material 931
covers only part of the surface of the cell 930, and has copper wire 932 wrapped
around it (but not the cell). The material and wire may be conformed to the surface of
the cell. Their area may be large or small relative to the circumference of the cell,

and long or short relative to the length of the cell.

Figure 11c shows another arrangement where the flux-concentrating material 931 is
embedded within the cell 930 and has copper wire 932 wrapped around it. The
material may be substantially flat, cylindrical, rod-like, or any other shape, its width

may be large or small relative to the diameter of the cell, and its length may be large

. or small relative to the length of the cell.
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In any case shown in Figures 10 and 11, any flux-concentrating material may also be
a functional part of the battery enclosure (for example, an outer zinc electrode) or the

battery itself (for example, an inner electrode).

In any case shown in Figures 10 and 11; the power may be stored in a smaller
standard cell (e.g. AAA size) fitted within the larger standard cell enclosure (e.g.
AA).

Figure 12 shows an embodiment of a primary unit similar to that shown in Figure 9.
Figure 12a shows a coil generating a field in a direction horizontal to the page,
Figure 12b shows another coil generating a field vertical to the page, and the two
coils would be mounted in a substantially coplanar fashion, possibly with one above
the other, or even intertwined in some fashion. The wire connections to each coil are

shown 940 and the charging area is represented by the arrows 941.

Figure 13 shows a Simple embodiment of the Driving Unit (790 of Figure 5). In this
embodiment there is no Control Unit. The PIC processor 960 generates two 23.8kHz
square waves 90 degrees out of phase with one another. These are amplified by
components 961 and driven into two coil components 962, which are the same
magnetic units shown in Figure 12a and Figure 12b. Although the driving unit is
providing square waves, the high resonant “Q” of the magnetic units shapes this into

a sinusoidal waveform.

The preferred features of the invention are applicable to all aspects of the invention

and may be used in any possible combination.

Throughout the description and claims of this specification, the words "comprise"
and "contain" and variations of the words, for example "comprising" and
"comprises", mean "including but not limited to", and are not intended to (and do

not) exclude other components, integers, moieties, additives or steps.
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CLAIMS:

1. A system for transferring power without requiring direct electrical conductive

contacts, the system comprising;:

1) a primary unit including a substantially laminar charging surface and at least
one means for generating an electromagnetic field, the means being distributed in
two dimensions across a predetermined area in or parallel to the charging surface so
as to define at least one charging area of the charging surface that-is substantially
coextensive with the predetermined area, the charging area liaving a width and a
length on the charging surface, wherein the means is configured such that, when a
predetermined current is supplied thereto and the primary unit is effectively in
electromagnetic isolation, an electromagnetic field generated by the means has
electromagnetic field lines that, when averaged over any quarter length part of the
charging area measured parallel to a direction of the field lines, subtend an angle of
45° or less to the éharging surface in proximity thereto and are distributed in two
dimensions thereover, and wherein the means has a height measured substantially
perpendicular to the charging area that is less than either of the width or the length of

the charging area; and
ii) at least one secondary device including at least one electrical conductor;

wherein, when the at least one secondary device is placed on or in proximity to a
charging area of the primary unit, the electromagnetic field lines couple with the at
least one conductor of the at least one secondary device and induce a current to flow

therein.
2. A system as claimed in claim 1, wherein the means comprises at least one

electrical conductor that is distributed in two dimensions in or substantially parallel

to-the charging surface.
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3. A system as claimed in claim 1, wherein the means comprises at least one
electrical conductor wound onto at least part of a magnetically permeable former that

is distributed in two dimensions in or substantially parallel to the charging surface.

4, A system as claimed in any preceding claim, wherein the means includes a
plurality of conductors configured so as to cause a directional component of the

electromagnetic ﬁeid lines, resolved onto the charging area, to be changed over time.

5. A system as claimed in claim 4, wherein the plurality of conductors is
configured so as to cause the resolved directional component of the field lines to be

switched between at least two different directions.

6. A system as claimed in claim 4, wherein the plurality of conductors is
configured so as to cause the resolved directional component of the field lines to be

moved through an angle.

7. A system as claimed in claim 6, wherein the plurality of conductors is
configured so as to cause the resolved directional component of the field lines to be

rotated.

8. A system as claimed in any preceding claim, wherein the field lines over a
given charging area are substantially parallel to each other when projected onto the .

charging area.
9. A system as claimed in any preceding claim, wherein an instantaneous net
flow of current in a given one of the at least one means when energised is in

substantially one direction.

10. A system as claimed in any preceding claim, wherein the means does not

project beyond the charging surface.
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11. A system as claimed in any preceding claim, wherein the at least one

charging area is provided with a substrate of a magnetic. material.

12. A system as claimed in any preceding claim, wherein the primary unit
includes at least one selectively operable capacitor conﬁ'gured such that a capacitance
of a circuit including the at least one means for generating an electromagnetic field
and the at least one capacitor may be changed in response to a detected presence of

one or more secondary devices.

13. A system as claimed in any preceding claim, wherein the at least one
charging area is provided with a flux guide having a relative permeability less than

that of the core of the at least one secondary device.

14. A system as claimed in any preceding claim, wherein the primary unit

includes a power supply.

15. A system as claimed in any preceding claim, wherein the at least one
conductor in the secondary device is wound about a core that serves to concentrate

flux therein.

16. A system as claimed in claim 15, wherein the core is a magnetically

permeable material.

17. A system as claimed in claim 16, wherein the core is an amorphous magnetic
material.
18. A systcfn as claimed in claim 17, wherein the core is a substantially non-

annealed amorphous magnetic material.

19. A system as claimed in any one of claims 15 to 18, wherein the core is

formed as a flexible ribbon.
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20. A system as claimed in any preceding claim, wherein the secondary device

comprises an inductively rechargeable battery or cell.

21. A system as claimed in claim 20, wherein the inductively rechargeable
battery or cell includes at least one conductor wound about a flux concentrating

means.

22. A system as claimed in any preceding claim, wherein at least one of the at
least one means is configured to generate an electromagnetic field over more than

one charging area.

23. A system as claimed in any one of claims 1 to 21, wherein a plurality of

means is configured to generate an electromagnetic field over a single charging area.

24. A system as claimed in any preceding claim, wherein the means has a height

that is no more than half of the length or half of the width of the charging area.

25. A system as claimed in any preceding claim, wherein the means has a height

that is no more than 1/5 of the length or 1/5 of the width of the charging area.

26. A primary unit for transferring power without requiring direct electrical
conductive contacts, the primary unit including a substantially laminar charging
surface and at least one means for generating an electromagnetic field, the means
being distributed in two dimensions across a predetermined area in or parallel to the
charging surface so as to define at least one charging area of the charging surface that
is substantially coextensive with the predetermined area, the charging area having a
width and a leﬁgth on the charging surface, wherein the means is configured such
that, when a predetermined current is supplied thereto and the primary unit is
effectively in electromagnetic isolation, an electromagnetic field generated by the
means has electromagnetic field lines that, when averaged over any quarter length
part of the charging area measured parallel to a direction of the field lines, subtend an

angle of 45° or less to the charging surface in proximity thereto and are distributed in
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two dimensions thereover, and wherein the means has a height measured
substantially perpendicular to the charging area that is less than either of the width or
the length of the charging area.

27. A primary unit as claimed in claim 26, wherein the means comprises at least
one electrical conductor that is distributed in two dimensions in or substantially

parallel to the charging surface.

28. A primary unit as claimed in claim 26, wherein the means comprises at least
one electrical conductor wound onto at least part of a magnetically permeable former
that is distributed in two dimensions in or substantially parallel to the charging

surface.

29. A primary unit as claimed in any one of claims 26 to 28, wherein the means
includes a plurality of conductors configured so as to cause a directional component
of the electromagﬁetic field lines, resolved onto the charging area, to be changed

over time.

30. A primary unit as claimed in claim 29, wherein the plurality of conductors is
configured so as to cause the resolved directional component of the field lines to be

switched between at least two different directions.

31. A primary unit as claimed in claim 29, wherein the plurality of conductors is
configured so as to cause the resolved directional component of the field lines to be

moved through an angle.
32. A priméry unit as claimed in claim 31, wherein the plurality of conductors is

configured so as to cause the resolved directional component of the field lines to be

rotated.
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33. A primary unit as claimed in any one of claims 26 to 32, wherein the field
lines over a given charging area are substantially parallel to each other when

projected onto the charging area.

34. A primary unit as claimed in any one of claims 26 to 33, wherein an
instantaneous net flow of current in a given one of the at least one means when

energised is in substantially one direction.

35. A primary unit as claimed in any one of claims 26 to 34, wherein the means

does not project beyond the charging surface.

36. A primary unit as claimed in any one of claims 26 to 35, wherein the at least

one area is provided with a substrate of a magnetic material.

37. A primary unit as claimed in any one of claims 26 to 36, including at least
one selectively opérable capacitor configured such that a capacitance of a circuit
including the at least one means for generating an electromagnetic field and the at
least one capacitor may be changed in response to a detected presence of one or more

secondary devices.

38. A primary unit as claimed in any one of claims 26 to 37, wherein the primary

unit includes a power supply.

39. A primary unit as claimed in any one of claims 26 to 38, wherein the at least
one area is provided with a flux guide having a relative permeability less than that of

any core that may be provided in the at least one secondary device.
40. A primary unit as claimed in any one of claims 26 to 39, wherein at least one

of the at least one means is configured to generate an electromagnetic field over

more than one charging area.
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41. A primary unit as claimed in any one of claims 26 to 39, wherein a plurality
of means is configured to generate an electromagnetic field over a single charging

area.

42, A primary unit as claimed in any one of claims 26 to 41, wherein the means
has a height that is no more than half of the length or half of the width of the

charging area.

43, A primary unit as claimed in any one of claims 26 to 42, wherein the means
has a height that is no more than 1/5 of the length or 1/5 of the width of the charging

area.

44, A method of transferring power in a non-conductive manner from a primary
unit to a secondary device, the primary unit including a substantially laminar
charging surface and at least one means for generating an electromagnetic field, the
means being distributed in two dimensions across a predetermined area in or parallel
to the charging surface so as to define at least one charging area of the charging
surface that is substantially coextensive with the predetermined area, the charging
area having a width and a length on the charging surface, the means having a height
measured substantially perpendicular to the charging area that is less than either of
the width or the length of the charging area, and the secondary device having at least

one electrical conductor; wherein:

1) an electromagnetic field, generated by the means when energised with a
predetermined current and measured when the primary unit is effectively in
electromagnetic isolation, has electromagnetic field lines that, when averaged over
any quarter 1ength part of the charging area measured parallel to a direction of the
field lines, subtend an angle of 45° or less to the charging surface in proximity
thereto and are distributed in two dimensions over the at least one charging area

when averaged thereover; and
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ii) the electromagnetic field links with the conductor of the secondary device

when this is placed on or in proximity to the charging area.

45. A method according to claim 44, wherein the means comprises at least one
electrical conductor that is distributed in two dimensions in or substantially parallel

to the charging surface.

46. A method according to claim 44, wherein the means comprises at least one
electrical conductor wound onto at least part of a magnetically permeable former that

is distributed in two dimensions in or substantially parallel to the charging surface.

47. A method according to any one of claims 44 to 46, wherein a directional
component of the electromagnetic field lines, resolved onto the charging area, is

changed over time.

48. A method according to claim 47, wherein the resolved directional component

of the field lines is switched between at least two different directions.

49. A method according to claim 47, wherein the resolved directional component

of the field lines is moved through an angle.

50. A method according to claim 49, wherein the resolved directional component

of the field lines is rotated.

51. A method according to any one of claims 44 to 50, wherein the field lines
over a given charging area are substantially parallel to each other when projected

onto the chargiﬁg area.
52. A method according to any one of claims 44 to 51, wherein an instantaneous

net flow of current in a given one of the at least one means when energised is in

substantially one direction.
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53. A method according to any one of claims 44 to 52, wherein the at least one
charging area is provided with a substrate of a magnetic material and wherein the

magnetic material completes a magnetic circuit.

54. . A method according to any one of claims 44 to 53, wherein the primary unit
includes at least one selectively operable capacitor that is switched in or out such that
a capacitance of a circuit including the at least one primary unit means for generating
an electromagnetic field and the at least one capacitor may be changed in response to

a detected presence of one or more secondary devices.

55. A method -according to any one of claims 44 to 54, wherein the charging
surface, at least within the at least one charging area, is provided with a flux guide
having a relative permeability less than that of any core that may be provided in the

at least one secondary device.

56. A secondary device for use with the system, primary unit or method of any
one of the preceding claims, the secondary device including at least one electrical

conductor and having a substantially laminar form factor.

57. A secondary device as claimed in claim 56, wherein the at least one electrical

conductor is wound about a core that serves to concentrate flux therein.

58. A secondary device as claimed in claim 57, wherein the core is a

magnetically permeable material.

59. A secondary device as claimed in claim 58, wherein the core is an amorphous

magnetic material.

UL

60. A secondary device as claimed in claim 59, wherein the core is a substantially -

non-annealed amorphous magnetic material.
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61. A secondary device as claimed in any one of claims 57 to 60, wherein the

core is formed as a flexible ribbon.

62. A secondary device as claimed in any one of claims 56 to 61, wherein the

secondary device comprises an inductively rechargeable battery or cell.

63. A secondary device as claimed in claim 57 or any claim depending therefrom,

having a core thickness of 2mm or less.

64. A secondary device as claimed in claim 63, having a core thickness of 1mm
or less.
65. A secondary device as claimed in any one of claims 56 to 64, wherein the

secondary device has a primary axis and couples with the electromagnetic field when

located on or in proximity to the charging area in any rotation about its axis.

66. A secondary device as claimed in claim 65 depending from claim 62, wherein

the core is at least partially wrapped around a central part of the battery or cell.

67. A system as claimed in any one of claims 1 to 25, wherein the primary unit
includes a pair of conductors having adjacent coplanar windings which have
mutually substantially parallel linear sections arranged so as to produce a
substantially uniform electromagnetic field extending generally parallel to the plane

of the windings but substantially at right angles to the parallel sections.

68. A system as claimed in claim 67, wherein the windings are formed in a
generally spiral shape, comprising a series of turns having substantially parallel

straight sections.
69. A system as claimed in claim 67 or 68, wherein the primary unit includes first

and second pairs of conductors which are superimposed in substantially parallel

planes with the substantially parallel linear sections of the first pair arranged
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generally at right angles to the substantially parallel linear sections of the second
pair, and further comprising a driving circuit which is arranged to drive them in such
a way as to generate a resultant field which rotates in a plane substantially parallel to

the planes of the windings.

70. A primary unit as claimed in any one of claims 26 to 43, including a pair of
conductors having adjacent coplanar windings which have mutually substantially
parallel linear sections arranged so as to produce a substantially uniform
eléctromagnetic field extending generally parallel to the plane of the windings but

substantially at right angles to the parallel sections.

71.. A primary unit as claimed in claim 70, wherein the windings are formed in a
generally spiral shape, comprising a series of turns having substantially parallel

straight sections.

72. A primary unit as claimed in claim 70 or 71, including first and second pairs
of conductors which are superimposed in substantially parallel planes with the
substantially parallel linear sections of the first pair arranged generally at right angles
to the substantially parallel linear sections of the second pair, and further comprising
a driving circuit which is arranged to drive them in such a way as to generate a
resultant field which rotates in a plane substantially parallel to the planes of the

windings.

73. A system for transferring power, substantially as hereinbefore described with

reference to Figures 4 to 13 of the accompanying drawings.

74. A primai‘y unit for transferring power, substantially as hereinbefore described

with reference to Figures 4 to 13 of the accompanying drawings.

75. A method of transferring power, substantially as hereinbefore described with

reference to Figures 4 to 13 of the accompanying drawings.
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76. A secondary device for receiving power, substantially as hereinbefore

described with reference to Figures 4 to 13 of the accompanying drawings.
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PLANAR INDUCTIVE BATTERY CHARGER

5 FIELD OF THE INVENTION
This invention relates to a battery charger, and in particular to a battery charger
having a planar surface on which one or more battery powered devices may be placed
for battery recharging through induction. The invention also extends to a battery
charging system for use with conventional electronic devices and that allows

10  conventional electronic devices to be charged using the battery charging system of the

present invention.

BACKGROUND OF THE INVENTION

Portable electronic equipment such as mobile phones, handheld computers,

15  personal data assistants, and devices such as a wireless computer mouse, are normally
powered by batteries. In many cases, rechargeable batteries are preferred because of
environmental and economical concerns. The most common way to charge rechargeable
batteries is to use a conventional charger, which normally consists of an AC-DC power
supply (in case of using the ac mains) or a DC-DC power supply (in case of using a car

20 battery). Conventional chargers normally use a cord (an electric cable for a physical
electrical connection) to connect the charger circuit (a power supply) to the battery
located in the portable electronic equipment. The basic schematic of the conventional

battery charger is shown in Fig.1.
25 PRIOR ART

Inductive electronic chargers without direct physical electrical connection have

been developed in some portable electronic equipment such as electric toothbrushes
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where because they are designed to be used in the bathroom in the vicinity of sinks and
water, it is not safe to provide a conventional electrical connection. US6,356,049,
US6301,128, US6,118,249, also all describe various forms of inductive chargers. These
inductive type chargers, however, use traditional transformer designs with windings

5 wound around ferrite magnetic cores as shown in Fig.2. The main magnetic flux
between the primary winding and secondary winding has to go through the magnetic
core materials. Other contactless chargers proposed also use magnetic cores as the main
structure for the coupled transformer windings.

A contactless charger using a single primary printed winding without any EMI

10  shielding has been proposed by Choi et al in “A new contactless battery charger for
portable telecommunications/computing electronics” ICCE International Conference on
Consumer Electronics 2001 Pages 58-59. However, the magnetic flux distribution of a
single spiral winding has a major problem of non-uniform magnetic flux-distribution.
As illustrated further below, the magnitude of the magnetic field in the cenire of the

15  core of a spiral winding is highest and decreases from the centre. This means that if the
portable electronic device is not placed properly in the central region, the charging
effect is not effective in this non-uniform field distribution. Furthermore, without proper
EMI shielding, undesirable induced currents may flow in other metallic parts of the
portable electronic equipment.

20

SUMMARY OF THE INVENTION
According to the present invention there is provided a battery charger system
comprising a charging module comprising a primary charging circuit and being formed
with a planar charging surface adapted to receive an electronic device to be charged,

25  wherein said primary charging circuit includes the primary winding of a transformer,
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said primary winding being substantially parallel to said planar charging surface,
wherein said primary winding is provided with electromagnetic shielding on the side of
said winding opposite from said planar charging surface, and wherein said electronic
device is formed with a secondary winding.

5 In a preferred embodiment the primary winding is formed on a planar printed
circuit board.

Preferably the magnetic flux generated by the primary winding is substantially
uniform over at least a major part of the planar charging surface. In this way the precise
position and orientation of the electronic device on the charging surface is not critical.

10  To achieve this the charging module may comprise a plurality of primary windings,
which may preferably be disposed in a regular array.

In a preferred embodiment the primary winding is provided with
electromagnetic shielding on the side of said winding opposite from said planar
charging surface. This shielding may include a sheet of ferrite material, and more

15  preferably also may further include a sheet of conductive material such as copper or
aluminium

It is an advantage of the present invention that in preferred embodiments the
planar charging surface may be large enough to receive two or more electronic devices,
and the primary charging circuit is adapted to charge two oOr more devices

20  simultaneously. In this way it is possible to charge more than one device simultaneously.
For example the planar charging surface niay be divided into a plurality of charging
regions, which regions may be defined by providing a plurality of primary transformer
windings arranged in a regular array and connecting the windings in groups to define
said charging regions. A further advantage of the present invention is that it enables the

25  possibility of allowing a device to move over the charging surface while being charged
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at the same time. This possibility is particularly useful to a device which is designed to
be moved such as a wireless computer mouse

Viewed from another aspect the present invention provides a battery charging
system comprising a charging module comprising a primary charging circuit and being

5 formed with a charging surface for receiving an electronic device to be charged,
wherein said charging module comprises a plurality of transformer primary windings
arranged in a regular array.

In addition to the battery charging system, the invention also extends to a battery
powered portable electronic device comprising a rechargeable battery, and wherein the

10  device includes a planar secondary winding for receiving electrical energy from a
battery charger, and electromagnetic shielding between the winding and the major
electronic components of said device.

Preferably, the shielding comprises a sheet of ferrite material and a sheet of
conductive material such as copper.

15 Preferably the winding is formed integrally with a back cover of said device.

An important aspect of the present invention is that it provides a battery
charging system that employs a localised charging concept. In particular, when there is
an array of primary coils, it will be understood that energy is only transferred from
those primary coils that are adjacent the secondary coil located in the device being

20  charged. In other words, when a device is placed on a planar charging surface that is
greater in size than the device, energy is only transferred‘ from that part of the planar
charging surface that is directly beneath the device, and possibly also immediately
adjacent areas that are still able to couple to the secondary coil.

Viewed from another aspect the present invention provides a battery charging

25  system comprising a primary module and at least one secondary module, said primary
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module comprising means for connecting to a mains supply, and at least one primary
winding adjacent to a charging surface of said primary module, and wherein said
secondary module comprises a secondary winding adjacent to a surface of said
secondary module, circuit means for converting alternating current generated in said

5  secondary winding to a regulated DC output, and a charging connector for connection to
the charging socket of an electronic device.

According to another aspect the invention also extends to a secondary module
for a battery charging system, comprising: a housing having at least one charging
surface, a winding provided in said housing adjacent to said surface and adapted to

10  receive magnetic flux when said surface is brought adjacent to a primary winding,
circuit means for converting alternating current in said secondary winding to a regulated
DC output, and a connector means for connecting said DC output to the charging socket

of an electronic device.

15 BRIEF DESCRIPTION OF THE DRAWINGS

Some embodiments of the invention will now be described by way of example
and with reference to the accompanying drawings, in which:-

Fig.1 is a schematic view of a conventional prior art battery charger with direct
electrical connection,

20 Fig.2 is a schematic view of a conventional magnetic core-based transformer as
used in prior art inductive battery charger systems,
Fig.3 is a schematic view of a planar transformer with shielding,
Figs.4(a)-(c) are (2) a perspective view of a battery charger system according to

an embodiment of the present invention, (b) a view similar to (a) but showing
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the structure of the primary charging system, and (c) a view similar to (a) and (b)
but showing the top cover removed for clarity,

Figs.5(a) & (b) show the structure of the primary charger with the top cover
removed for clarity, and in Fig.5(a) with the structure shown in exploded view,
Figs.6(a) & (b) show (a) a single spiral PCB winding, and (b) the measured
magnetic field distribution of a single spiral winding,

Figs.7(a) & (b) illustrate the use of a magnetic core to control magnetic field
distribution,

Fig.8 shows an embodiment of the invention in which a plurality of primary
windings are arranged in an array structure,

Figs.9(a) & (b) shows (a) a 4 x 4 primary winding array, and (b) the resulting
magnetic field distribution,

Figs.10(a)~(c) illustrate an embodiment of the invention in which primary
windings are arranged in groups with Fig.10(c) showing the equivalent circuit,
Fig.11 shows an example of the back cover of an electronic device designed to
be recharged using an embodiment of the present invention,

Figs.12(a)-(d) show exploded views of the back cover of Fig.11,

Figs.13(a) & (b) show views of a watch that may be recharged in accordance
with an embodiment of the invention,

Fig.14 shows a charging module in accordance with an alternative embodiment
of the invention,

Fig.15 shows a first layer of a 4x5 winding array for use in a multi-layer
embodiment,

Fig.16 shows a second layer of a 3x4 winding array for use in conjunction with

the layer of Fig.15 in a multi-layer embodiment,
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Fig.17 shows the layers of Fig.15 and Fig.16 in the two-layer structure,

Fig.18 is simplified version of Fig.15,
Fig.19 is a simplified version of Fig.16,
Fig.20 is a simplified version of Fig.17,
5 Fig.21 is a plot showing the smoothing effect of the two-layer structure,
Fig.22 shows a hexagonal spiral winding,
Fig.23 is a simplified form of Fig.22,
Fig.24 shows a single-layer of hexagonal spiral windings,
Fig.25 shows two adjacent hexagonal spiral windings,

10 Fig.26 shows the mmf distribution of the adjacent windings of Fig.25,

Fig.27 shows three adjacent hexagonal spiral windings and the peaks and
minima of the flux distribution,

Fig.28 shows two overlapped layers of hexagonal spiral windings,

Fig.29 shows the location of the peak flux in the structure of Fig.28,

15 Fig.30 corresponds to Fig.29 but also shows the location of the flux minima,
Fig.31 shows an embodiment of the invention formed with three overlapped
layers,

Fig.32 corresponds to Fig.31 but shows the location of the flux peaks,

Fig.33 is a plot showing the uniformity of the flux distribution along a line,
20 Fig.34 shows a square spiral winding,

Fig.35 is a simplified version of Fig.34,

Fig.36 shows a first layer of square spiral windings,

Fig.37 corresponds to Fig.36 but shows the location of the flux maxima and

minima,
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Fig.38 shows two overlapped layers of square spiral windings including the
location of the flux maxima and minima,

Fig.39 shows three overlapped layers of square spiral windings including the
location of the flux maxima and minima,

Fig.40 shows four overlapped layers of square spiral windings including the
location of the flux maxima and minima,

Fig.41 illustrates a battery charging system according to a further embodiment
of the invention,

Fig.42 is a view similar to Fig.41 but part broken away to show the primary
winding,

Fig.43 is a view similar to Fig.42 but of an alternate embodiment,

Figs.44(a) and (b) illustrate possible magnetic cores for use in the embodiment
of Fig.42,

Fig.45 shows an equivalent circuit for the charging system of an embodiment of
the invention,

Fig.46 illustrates an example of a secondary module for use in an embodiment
of the invention,

Fig.47 shows a part broken away view of secondary module of an embodiment
of the invention,

Fig.48 is a view similar to Fig.47 but of a further embodiment,

Fig.49 is a view showing the complete charging system according to an
embodiment of the invention,

Fig.50 is a view similar to Fig.49 but showing Vhow the charging system
according to an embodiment of the invention can be used to charge multiple

devices having different forms of charging connections, and
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Fig.51 is a view illustrating how an embodiment of the present invention can be
used to enable a conventional electronic device to be charged using an inductive

charging platform as shown in Fig.4.

5 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
The present invention will now be described in respect of a preferred
embodiment in the form of an inductive battery charger for portable electronic
equipment such as mobile phones, handheld computers and personal digital assistants
(PDA), and devices such as a wireless computer mouse.

10 Referring firstly to Fig.4, the inductive charger system comprises two modules,
a power delivering charger module that contains the primary circuit of a planar isolation
transformer and a secondary circuit that is located in the portable electronic equipment
to be charged. In this embodiment of the invention, the charger circuit is located within
a housing 1 that is formed with a flat charging surface 2. The secondary circuit is

15  formed in the portable equipment to be charged (in this example a mobile phone 3) and
the equipment is formed with at least one planar surface. As will be seen from the
following description the equipment is charged simply by placing the equipment on the
surface so that the planar surface on the equipment is brought into contact with the flat
charging surface 2. It is a particularly preferred aspect of the present invention that the

20  equipment to be charged does not have to be positioned on the charging surface in any
special orientation. Furthermore, in preferred embodiments of the invention two or more
mobile devices may be charged simultaneously on the same charging surface, and/or a
device that is designed to be moved (such as a wireless computer mouse) can be
charged while Being moved over the charging surface (which could be integrated into a

25  computer mouse pad). It will also be seen from the following description that the energy
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transfer is “localised” in the sense that energy is only transferred from the charging

surface to the device from that part of the charging surface that is directly beneath the
device (and possibly to a lesser extent regions adjacent thereto).

Referring in particular to Fig.4(b) the primary charging module comprises a

5 printed circuit board 4 formed with at least one spiral conductive track formed thereon

as a primary winding. It will be understood, however, that the primary winding need not

necessarily be formed on a PCB and could be formed separately. Alternatively, multiple

PCBs each formed with at least one winding could be "stacked" on top of each other to

increase the total flux. Preferably, as will be described further below, there are in fact a

10  plurality of such spirai tracks disposed in an array as shown in Fig.4(c) in which a top

insulating sheet has been removed for clarity. Beneath the PCB 4 (ie the side of the PCB

away from the charging surface) is provided EMI shiclding comprising firstly a ferrite

sheet 5 adjacent the PCB 4, and then a conductive sheet 6 which in this example may be

a copper sheet. Beneath the copper sheet 6 may be provided any suitable form of

15 substrate material 7, eg a plastics material. Above the PCB 4 may be provided a sheet of

insulating material 8 which forms the charging surface. Preferably the PCB 4, the EMI

shielding sheets 5,6, the substrate 7 and the insulating cover sheet 8 may also be

generally the same size and shape, for example rectangular, so as to form the primary

charging module with the charging surface being large enough to accommodate at least

20 one, and more preferably two or more, devices to be charged. Figs.5(a) and (b) also

show the structure of the charging module without the cover sheet and without any

devices to be charged thereon for the sake of clarity.
As shown in Fig.4, the primary transformer circuit module transmits electrical
energy at high frequency through a flat charging surface that contains the primary

25  transformer windings. The secondary winding is also planar and is located in the
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portable electronic equipment and couples this energy, and a rectifier within the
portable equipment rectifies the high-frequency secondary AC voltage into a DC
voltage for charging the battery inside the portable equipment either directly or via a
charging circuit. The rectified DC voltage is applied to the battery via mechanical
5  contacts provided in an integrated back cover as will be described further below. No
physical electrical connection between the primary charger circuit and the portable
electronic equipment is needed.
The primary charger circuit has (1) a switched mode power electronic circuit, (2)
the primary side of a planar transformer that consists of a group of primary windings
10  connected in series or in parallel or a combination of both, (3) an EMI shield and (4) a
flat interface surface on which one or more portable electronic devices can be placed
and charged simultaneously. The schematic of the primary charger system is shown in
Fig.5(a) and (b) without the insulating cover.
The battery charging system can be powered by AC or DC power sources. If the
15 power supply is the AC mains, the switched mode power electronic circuit should
perform a low-frequency (50 or 60Hz) AC to DC power conversion and then DC to
high-frequency (typically in the range from 20kHz to 10MHz) AC power conversion.
This high-frequency AC voltage will feed the primary planar windings of the primary
charger circuit. If the power supply is a battery (e.g. a car battery), the switched mode
20  power supply should perform a DC to high-frequency AC power conversion. The high-
frequency voltage is fed to the primary windings of the planar transformer.
Preferably, the charger should be able to charge one or more than one items of
portable electronic equipment at the same time. In order to achieve such a function, the
AC magnetic flux experienced by each item of portable equipment placed on the

25  charging surface should be as even as possible. A standard planar spiral winding as
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shown in Fig.6(a) is not suitable to meet this requirement because its flux distribution is
not uniform as shown in Fig.6(b) when the winding is excited by an AC power source.
The reason for such non-uniform magnetic flux distribution is that the number of turns
in the central region of the single spiral winding is largest. As the magnitude of the
5  magnetic flux and the magnetomotive force (mmf) is proportional to the product of the
number of turn and the current in the winding, the magnetic flux is highest in the centre
of the winding.

One method to ensure uniform magnetic flux or mmf distribution is to use a
concentric primary winding with a planar magnetic core as shown in Fig.7(a). This
10  magnetic core-based approach allows the magnetic flux to concentrate inside the core
and typical magnetic flux distribution is shown in Fig.7(b). In general, the flat charging
interface surface of the primary charger should be larger than the total area of the

portable electronic equipment.
In order to ensure that more than one item of portable electronic equipment can
15  be placed on the flat charging surface and charged simultaneously, a second and more
preferred method proposed is to ensure that the magnetic flux distribution experienced
by each items of portable electronic equipment is as uniform as possible. This method
can be realized by using a “distributed” primary planar transformer winding array
structure as shown in Fig.8. This planar winding array consists of many printed spiral
20  windings formed on the PCB. These printed spiral windings can be hexagonal, circular,
square or rectangular spirals, and can be conmected in series, in parallel or a
combination of both to the high-frequency AC voltage generated in the power supply in
the primary charger circuit. The array should comprises relatively closely spaced coils
so as to be able to generate the required near-uniform magnetic flux distribution, as an

25  array of widely spaced apart coils may not generate such a near-uniform field.
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Fig.9(a) shows a practical example with the transformer winding array
connected in series so that all the fluxes created in the windings point to the same
direction. Fig.9(b) show the measured flux distribution of one planar transformer when
the windings in the transformer array are connected in series. This measurement

5  confirms the near uniform magnetic flux distribution of the array structure. Comparison
of Fig.6(b) and Fig.9(b) confirms the improvement of the uniform magnetic field
distribution using the transformer array structure. In addition, this transformer array
structure provides for the possibility of multiple primary transformer windings being
provided for localized charging as will now be explained.

10 The primary transformer windings can also take the form of a combination of
series and parallel connections if desired. Such an arrangement allows the charging
surface to be divided into various charging regions to cater for different sizes of the
secondary windings inside the portable electronic equipment. Fig.10(a) illustrates this
localized charging zone principle. Assume that the transformer array is divided into 4

15  zomes (A, B, C, and D). The transformer windings within each zone are connected in
series to form one primary winding group with the distributed magnetic flux feature.
There will be four primary windings in the equivalent circuit as shown in Fig.10(c). If
the portable electronic equipment is placed on Zones A and B as shown in Fig.10(b), the
equivalent electrical circuit is shown in Fig.10(c). Only the parallel primary transformer

20 winding groups for Zones A and B are loaded because they can sense a nearby
secondary winding circuit in the portable electronic equipment. Therefore, they will
generate magnetic flux in Zones A and B. Primary transformer windings C and D are
not loaded because they have no secondary transformer circuit close to them and their
equivalent secondary circuits are simply an open-circuit (Fig.10(c)). As a result, power

25  transfer between the primary charger circuit and the secondary windings inside the
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portable electronic equipment takes place basically through the coupled regions (areas)
of the charging interface surface covered by the portable electronic equipment. The non-
covered area of the charging surface will transfer virtually no energy. This special
design avoids unnecessary electromagnetic interference. A further advantage of this
5 localised energy transfer concept, is that it enables a movable device (such as a wireless
computer mouse) to be continually charged as it moves over the charging surface. In the
case of a wireless computer mouse, for example, the primary charging circuit could be
integrated into a mousepad and the mouse may be charged as it rests on and/or moves

over the mousepad.
10 The back cover of the portable electronic equipment is a detachable back cover
shown in Fig.12(a) that covers the battery and which may be removed when the battery
is replaced. In preferred embodiments of the present invention, this back cover has a
built-in secondary planar transformer winding 10, a diode rectifier circuit 13 and
preferably a thin EMI shield 11,12 as shown in Fig.12(b) & (c). When the back cover
15  side of the portable equipment is placed near the flat charging surface of the primary
charger circuit, this secondary winding couples the energy from the nearby primary
transformer winding or windings. The rectifier circuit rectifies the coupled AC voltage
into a DC voltage for charging the battery through mechanical contacts 14. This rectifier
circuit also prevents the battery from discharging into the secondary winding. In order
20 to avoid induced circuit from circulating in other metal parts inside portable electronic
circuit, it is preferable to include a thin EMI shield as part of the integrated back cover
structure as shown in Fig.12. This EMI shield can be a thin piece of ferrite material
(such as a flexible ferrite sheet developed by Siemens) or ferrite sheets, or more

preferably a combination of a ferrite sheet 11 and then a thin sheet 12 of copper of

25  another conductive material such as aluminium..
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It will thus be seen that, at least in its preferred forms, the present invention
provides a new planar inductive battery charger for portable electronic equipment such
as mobile phones, handheld computers, personal data assistant (PDA) and electronic
watches, and wireless computer mice. The inductive charger system consists of two

5  modules, including (1) a power delivering charger circuit that contains the primary
circuit of a planar isolation transformer and a flat charging surface and (2) a separate
secondary transformer circuit that consists of a printed winding, a rectifier and
preferably a thin EMI shield and which is located in the portable electronic equipment
to be charged.

10 An advantage of the present invention, at least in preferred forms, is that the
primary charger circuit system has the primary side of a planar transformer and a flat
interface surface on which one or more portable electronic devices can be placed and
charged simultaneously. The secondary circuit can be integrated into the back cover of
the portable elecironic device or separately placed inside the electronic device. The

15  invention also extends to a back cover design with an in-built secondary circuit for the
portable equipment. The secondary winding of the planar transformer can be EMI
shielded and integrated into the back cover adjacent to the battery in the portable
electronic device. As long as the back cover sides of the portable electronic device are
placed on the charger surface, one or more portable electronic devices can be charged

20  simultaneously, regardless of their orientations.

Figs.13(a) and (b) show how an embodiment of the invention may be used to
recharge a watch battery. A watch is formed with a basic watch mechanism 20, which is
powered by a rechargeable battery 21. The watch mechanism is shielded from electrical
interference in the charging process by an EMI shield consisting of, for example, a

25  copper sheet 22 and a ferritc sheet 23 (with the copper sheet closer to the watch
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mechanism than the ferrite sheet). The other side of the EMI shield is provided a planar
coreless transformer secondary winding 24 formed with electrical contacts 26 for
connection to the battery 21 and with a rectifier circuit to prevent discharge of the
battery. Fihally, the watch structure is completed by the provision of a planar back
5 cover 25 formed of non-metallic material. It will be understood that the watch battery
may be recharged by placing the watch on the charging surface of a battery charging
system as described in the above embodiments such that the back cover 25 lies flat on
the planar charging surface. Electrical energy is then coupled from the primary
winding(s) in the battery charging module to the secondary winding in the watch and
10 then to the rechargeable battery.

In the embodiments described above the charging module is formed as a single
integral unit (as shown for example in Figs.4 and 5). However, in some situations it
may be desirable to separate the electronic charging circuit from the planar charging
surface. This possibility is shown in Fig.14 in which the electronic charging circuit 30

15  is connected by a cable 31 to the charging surface 32. The charging surface 32 includes
an insulating top cover, the planar primary windings printed on a PCB, and a bottom
EMI shield formed of ferrite and a conductive sheet such as copper. This embodiment
has the advantage that the charging surface is relatively thin, and therefore may be
useful for example when the device to be charged is a wireless computer mouse

20  because the charging surface can double as a mousepad as well as a charging surface.

In the embodiments described above a single layer of transformer arrays is
provided. However, in order to generate a more uniform magnetic field distribution,
multi-layer transformer arrays can be used. The following embodiments describe how

multiple layers of transformer arrays may be used that can provide a very uniform

25  magnetic field distribution on the charging surface.
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Fig.15 shows a 4x5 primary planar transformer winding array which consists of
square-sprial winding patterns. This can be fabricated on one layer of the printed circuit
board structure. It should be noted that, for an individual winding pattern in the array,
the magnitude of the magnetic flux is highest in the center of the spiral winding. The

5  magnitude of the magnetic flux is smallest in the small gap between adjacent winding
patterns.

A second layer with a 3x4 transformer winding array is shown in Fig.16. The
individual winding patterns in both layers are identical. As shown in Fig.17, by having
the two layers of arrays arranged in such a manner that the center (region of maximum

10  magnetic flux magnitude) of a winding pattern on one layer is placed on the gap (region
of minimum magnetic flux magnitude) between adjacent winding patterns on the other
layer, the variation of the magnetic field magnitude can be minimized and the magnetic
flux magnitude can therefore be made as even as possible over the overlapped surface.
The essence of the multi-layer transformer arrays is to have a displacement between the

15  individual winding patterns of the two layers so that the regions of the maximum
magnetic field magnitude of one layer is “evened out” by the regions of the minimum
magnetic field magnitude.

In order to examine the ‘uniform magnetic field magnitude’ feature of the
proposed overlapped multi-layer transformer arrays, this ‘magnitude smoothing’

20  concept is illustrated in simplified diagrams in Fig.18 to 20. Fig.18 is a simplified
version of Fig.15. Each solid square in Fig.18 represents a square-spiral winding pattern
in the first layer (Fig.15). Fig.19 is a simplified version of the Fig.16. Each dotted
square represents a square-spiral winding pattern in the second layer (Fig.16). The
simplified version of the multi-layer array structure is shown in Fig.20. From Fig.26, it

25  can be seen that the overlapped array structure (with correct displacement between the
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two layers) divides each square-spiral winding pattern into four smaller sub-regions.
The important feature is that the four sub-regions are identical in terms of winding
structure. Despite that fact that the distribution of the magnetic field magnitude on the
surface of each individual square-spiral winding is not uniform, the distribution of the
5  resultant magnitude field magnitude on the surface of each sub-region is more or less
identical because of the overlapped multi-layer winding structure. The concept of the
generating uniform magnetic field magnitude over the charging surface is illustrated in
Fig.21.
In this example, a multi-layer transformer winding array structure that can
10  provide a uniform magnetic field magnitude distribution is described. This example is
based on square-spiral winding patterns. In principle, winding patterns of other shapes
can also be applied as long as the resultant magnetic field magnitude distribution is as
uniform as possible.
The use of two layers of transformer arrays can reduce the variation in the
15  magnetic flux over the charging surface. However, there may still be some variations
and the use of a three or four layer structure may provide a still more uniform flux
distribution as described in the following embodiments.
Tﬁe following embodiment is a structure comprising three layers of planar
winding arrays. This PCB winding structure can generate magnetomotive force (mmif)
20 of substantially even magnitude over the charging surface. Each winding array consists
of a plurality spiral windings each of which are of an hexagonal shape. A spiral winding
arranged in a hexagonal shape is shown in Fig.22. For simplicity, it will be represented
as a hexagon as shown in Fig.23. A plurality of hexagonal spiral windings can be
arranged as an array as shown in Fig.24. These windings can be connected in parallel, in

25 series or a combination of both to the electronic driving circuit. If a current passes
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through each spiral winding pattern, a magnetomotive force (mmyf), which is equal to the
product of the number of turns (¥) and current (/) (i.e. NI), is generated. Fig.25 shows
two spiral winding patterns adjacent to each other and the per-unit mmf plot over the
distance (dotted line) can be linearized as shown in Fig.26. It can be seen that the mmf
5 distribution over the distance is not uniform. The maximum mmf occurs in the center of
the hexagonal pattern and the minimum mmf occurs in the edge of the pattern.
Fig.27 shows three adjacent windings. The maximum mmf region is labelled by
a symbol ‘P’ (which stands for Peak mmyf). The minimum mmf region at the junction of
two patterns is labeled as ‘V’ (which stands for Valley of the mmf distribution). In order
10  to generate a uniform mmf distribution over the planar charging surface, two more
layers of PCB winding arrays should be added. This principle is explained firstly by
adding a second layer of PCB winding array to the first one as shown in Fig.28. The
second layer is placed on the first one in such a way that the peak mmf positions (P) of
the patterns of one layer are placed directly over the valley positions (V) of the patterns
15  in the other layer. Fig.29 highlights the peak positions of the patterns that are directly
over the valley positions of the other layer for the two overlapped PCB layers in Fig.28.
It can be observed from Fig.29, however, that the use of two layers of PCB
winding arrays, while presenting an improvement over a single layer, does not offer the
optimal solution for generating uniform mmf over the inductive charging surface. For
20  each hexagonal pattern in the 2-layer structure, the peak positions occupy the central
position and three (out of six) vertices of each hexagon. The remaining three vertices
are valley positions (V) that need to be filled by a third layer of PCB winding arrays.
These valley positions are shown in Fig.30 as empty squares.
Careful examination of Fig.30 shows that there are six peak positions (P)

25  surrounding each valley position. Therefore, a third layer of a hexagonal PCB winding
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array can be used to fill up all these remaining valley positions. By placing the central
positions (peak mmf positions) of the hexagonal winding patterns of the third layer of
the PCB winding array over the remaining valley positions of the two-layer structure, an
optimal three-layer structure is formed as shown in Fig.31. Fig.32 highlights the peak

5 mmf positions of the three-layer structure. It can be observed that all central positions
and vertices of all hexagonal patterns have peak mmf.

In order to confirm that the mmf over the surface has uniform mmf distribution,
any distance between any two adjacent peak mmf positions can be considered as
illustrated in Fig.33. If the winding patterns are excited in the same manner and polarity

10  so that the mmf generated by each layer of the winding array are always in the same
direction at any moment, the resultant mmf is simply the sum of the mmf generated by
each layer. The dotted line in Fig.33 shows that the resultant mmf over the distance
between any two adjacent peak positions in Fig.33 is equal to 1.0 per unit. This
confirms that the proposed three-layer PCB winding array structure can be used to

15  generate highly uniform mmf over the inductive charging surface. When used as a
contactless, inductive charging surface, this uniform mmf distribution feature ensures
that, for a given airgap, a secondary PCB coupling winding can always couple the same
amount of magnetic flux regardless of the position of the secondary (coupling) PCB on
the inductive charging surface. In addition, the voltage induced in the secondary

20 winding would be the same over the inductive charging surface.

In another embodiment, the three-layer PCB winding array structure can be
constructed as a four-layer PCB, with one of the four layers accommodating the return
paths of the spiral windings to the electronic driving circuit.

A further embodiment is based again on square spiral winding patterns. In this

25 embodiment four layers of square-spiral winding arrays are used to generate highly
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uniform mmf over the PCB surface. As in the hexagonal embodiment described above,
for convenience of illustration each square-spiral winding pattern (Fig.34) is simplified
as a square symbol (Fig.35) in the following description.
Fig.36 shows the first layer of the square-spiral PCB winding array. The mmf in
5  the central region of each square pattern is highest. These regions are highlighted as
‘Peak’ or (P) in Fig.37. The regions of the minimum mmf (i.e. the valleys) occurs along
the edges of the square patterns. These regions are highlighted with dots (¢) in Fig.37.
In order to reduce the mmf ripples on the surface, the peak (P) positions of a
second layer of square-spiral PCB winding array can placed over some of the valley
10  positions (*) as shown in Fig.38. When a third layer of square-spiral PCB winding array
is added to the structure in Fig.38, the resultant layout is shown in Fig.39. It can now be
observed that one more layer of the square-spiral PCB windings is needed to fill up all
the valleys with peaks as shown in Fig.40.
The inductive battery charging platform described above, which can be regarded
15 as the primary circuit of a transformer system (or the primary inductive charging
system), can be used as a standard battery charging platform for portable electronic
equipment with compatible inbuilt secondary circuitry in the electronic equipment to be
charged. However, existing electronic equipment that is not designed for compatibility
with the abovedescribed battery charging platform cannot take advantage of the
20  convenience offered by the battery charging platform. Another embodiment of the
present invention therefore provides both a battery charging system that can stand
independently and can be used to charge existing conventional devices, and a means by

which a conventional electronic device can be charged using the charging platform

described above.
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Referring firstly to Fig.41 there is shown therein a perspective view of a part of

a battery charging system according to an embodiment of the present invention. The

part of the charging system shown in Fig.41 may be termed the primary inductive

charging system since as will be explained below it comprises at least one primary

S winding. The part of the battery charging system shown in Fig.41 may also be

considered to be an extension system since in preferred forms it may be adapted to

charge multiple devices and is therefore analogous to a conventional extension lead that
allows multiple items of electronic equipment to share the same power socket.

The charging system is provided with multiple charging slots 100,101,102 for

10. receiving secondary charging modules to be described further below. As will be

explained further below each charging slot is provided with a primary winding. Fig.41

shows a schematic of the primary inductive charging extension system with three

charging slots. However, it should be noted that the number of slots is not restricted to

three and can be as few as a single charging slot, or can be more than three. It will be

15  understood that the number of charging slots dictate the number of devices that can be

charged simultaneously. The primary charging extension system is connected to the

mains through a plug 103 and includes a power electronic circuit 104 that provides a

high-frequency (typically in the range of 1kHz to 2MHz) AC voltage to the primary

windings that are located under the charging slot surfaces. It should be noted that the

20  surfaces of the slots are flat and the slots are separated from each other by dividing

walls. Each slot is therefore the same size as the surface of a housing of a secondary

module to be described below, and the separating walls and mechanical switches to be

described below together act to engage a secondary module and hold it in a correct

orientation for efficient charging,.
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Each primary winding can be a coil 105 as shown in Fig.42 or a printed-circuit-
board (PCB) winding 106 as shown in Fig.43. If the primary winding is a coil 105, the
coil 105 is preferably accommodated in a space 107 defined by a magnetic structure 108
such as the two examples shown in Fig.44(a) and (b) in which the coil is wound around

5 a magnetic core 108. If a PCB winding is used, appropriate electromagnetic (EM)
shielding, such as the combined use of ferrite and copper sheets described in US
6501364, can be placed under the PCB winding in order to ensure that the magnetic flux
generated in the PCB winding will not penetrate through the base of the primary
inductive charging extension system. Preferably, mechanical switches 109 can be

10  provided in each charging slot that when closed activate the primary winding to the
high-frequency AC voltage source when the secondary charging module (to be
described below) is inserted in that particular slot. As discussed above, the mechanical
switches may also serve to engage and hold the secondary module in place. This
mechanism ensures that only windings in the slots used by the secondary modules are

15  excited by the high-frequency AC voltage source. The equivalent circuit is shown in
Fig.45.

It will also be understood that the primary winding could be constructed as a
multiple layer structure as discussed above in order to provide a particularly preferred
even flux distribution over the charging surface.

20 Fig.46 shows a typical secondary charging module 200 for use with the primary
charging extension system shown in Fig.41. Each secondary module has a conventional
cable 201 and charger connecter 202 that is adapted to be received within the charging
socket of a conventional electronic device. It will be understood that different secondary
charging modules 200 may be provided differing only by the type of the connector 202.

25  Each secondary charging module 200 is provided with a housing 203 that contains a
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secondary circuit to be described below. The housing is preferably rectangular (but of
course could be any suitable shape) and of such a size that it may be received in one of
the slots 100-102 of the primary charging extension system. The housing 203 should
have at least one preferably flat surface for placing on the charging slot of the primary
5  charging extension system. This flat surface is preferably parallel to the plane of the
secondary winding within the housing such that when the secondary module is placed in
a slot of the primary extension system the secondary winding is substantially parallel to
the primary winding beneath the surface of the slot. The housing 203 of the secondary
module should preferably be made of non-conductive and non-ferromagnetic material
10  so that no current will be induced in the housing material.

As can be seen from Figs.47 and 48 inside each secondary charging module 200
are at least one secondary winding 204 and charger circuitry 205 that receives the
induced AC voltage in the secondary winding and provides a regulated DC output
voltage for the charging purpose. The secondary winding should be kept inside the

15  housing. The secondary winding can be a coil (Fig.47) or it can be printed on a PCB
(Fig.48). The function of the secondary winding is to act as the secondary winding of a
transformer system to pick up the changing magnetic flux generaied by the primary
winding of the primary charging extension system.

The secondary coil or PCB winding should be placed close to the (preferably flat)

20 surface of the housing of the secondary charging module so as to pick up maximum
changing AC magnetic flux from the primary inductive charging extension system or
platform. According to Faraday’s Law, an AC voltage will be induced across the
secondary winding if the secondary winding senses a changing magnetic flux (that can

be generated by the primary winding in the primary inductive charging system).
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The terminals of the secondary winding are connected to the input terminals of

an electronic circuit 205 that (1) performs the AC-DC power conversion function (i.e.

rectifying the AC voltage into DC) and (2) preferably also regulate the DC voltage to a

desired value (typically in the range from 3V to 24V) within a certain tolerance.

5  Through a cable and a charger connector for connecting to charging socket in the

poriable equipment, this DC voltage can be used to charge the portable equipment a

shown in Fig.49.

The secondary winding design (such as number of turns and dimensions of

windings), the DC regulated voltage level and the type of connector can be designed

10 according to the charging requirements of specific electronic products. Therefore,

different secondary charging modules can be designed for different ranges of products,

but all secondary modules are compatible with the same primary charging extension

system as shown in Fig.50 in which two different types of secondary modules adapted

for charging different devices and having different connectors 202,202° are shown in

15  adjacent slots of the primary charging extension system. As the primary inductive

charging extension system preferably has several charging slots for accommodating the

secondary charging modules, it can be used to charge several items of conventional
portable electronic equipment simultaneously.

A further advantage of the secondary charging module is that it allows a

20 conventional electronic device to be charged using the inductive battery charging

platform described above. Although a conventional electronic device cannot be charged

by placing it directly on the charging platform surface because it does not have the in-

built secondary winding, instecad a secondary charging module can be placed in the

inductive charging system and charge the conventional device therefrom as shown in

25  Figs1
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In principle, the housing of the secondary charging module can have more than
one preferably flat interface surface. If the housing is a cuboid it will have two large
opposed interface surfaces (eg upper and lower surfaces of a relatively thin flat cuboid
structure a shown in the Figures) and with this cuboid design, either interface surface of

5  the secondary module housing can be placed on the charging slots of the primary
inductive charging extension system or other charging platform. This cuboid design
makes the secondary charging modules very user-friendly because it does not matter

which way up the housing of the secondary module is placed on the primary charging

' surface.
10 In summary, a preferred embodiment of the secondary charging module consists of
@) a non-conductive housing that has at least one surface (and preferably two
surfaces) for placing on the charging slot of the primary charging extension
system or the charging platform and that accommodates the secondary
winding and circuitry for charging the electronic equipment,
15 (ii) A secondary winding, that can either be printed in a printed-circuit-board

(PCB) or a conductor coil,
(iii) an AC-DC power conversion circuit that converts the ac induced voltage
picked by the secondary winding from the primary AC voltage excitation

into a regulated or unregulated DC voltage, typically in the range from 3V to

20 24V,

(iv)  a conventional cable that connects the DC voltage output of the secondary
circuitry to a connector that is compatible with the charging socket in the
conventional electronic equipment.

It will thus be seen that, at least in preferred forms, the charging system of the

25  present invention including the proposed secondary charging modules offers users a
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convenient and user-friendly battery charging system for a wide range of portable
electronic equipment. Using the appropriate charger connectors that are compatible with
different portable equipment, the proposed charging system enables one single charging
system (that occupies only one power point or socket in the ac mains) to charge a wide
5 range of electronic equipment.

The present invention, at least in preferred forms, provides a new charging
system allows more than one piece of equipment to be charged simultaneously, and
regardless of their orientations on the charging surface, and allows a movable device to

be charged while it moves over the charging surface.

10

Page 1414 of 1718



WO 03/105308

PCT/AU03/00721
28

CLAIMS

1.

5

10
2.
3.

15
4.

20
5.

Page 1415 of 1718

A battery charger system comprising a charging module comprising a primary
charging circuit and being formed with a planar charging surface adapted to
receive an electronic device to be charged, wherein said primary chéirging circuit
includes the primary winding of a transformer, said primary winding being
substantially parallel to said planar charging surface, wherein said primary
winding is provided with electromagnetic shielding on the side of said winding
opposite from said planar charging surface, and wherein said electronic device is

formed with a secondary winding.

A battery charger system as claimed in claim 1 wherein said transformer

primary winding is formed on a printed circuit board.

A battery charging system as claimed in claim 1 wherein the magnetic flux
generated by said primary winding is substantially uniform over at least a major

part of said planar charging surface.

A battery charging system as claimed in claim 1 wherein said charging module

comprises a plurality of primary windings.

A battery charging system as claimed in claim 4 wherein said primary windings

are disposed in a regular array.
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A battery charging system as claimed in claim 4 wherein said primary windings
are formed in a multi-layer structure comprising at least two layers and with

each said layer including an array of primary windings.

A battery charging system as claimed in claim 6 wherein the array of a first said
layer is offset relative to the array of a second said layer whereby regions of said
first layer generating maximum magnetic flux coincide with regions of said

second layer that generate minimum magnetic flux.

A battery charging system as claimed in claim 6 comprising three layers of

hexagonal windings.

A battery charging system as claimed in claim 6 comprising four layers of

square windings.

A battery charging system as claimed in claim 5 wherein said primary windings

are hexagonal, circular, rectangular, square or polygonal in shape.

A battery charger system as claimed in claim 1 wherein said shielding includes a

sheet of ferrite material.

A battery charging system as claimed in claim 11 wherein said shielding further

includes a second sheet of conductive material.
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A battery charging system as claimed in claim 1 wherein said planar charging
surface is large enough to receive two or more electronic devices, and wherein

said primary charging circuit is adapted to charge two or more devices

simultaneously.

A battery charging system as claimed in claim13 wherein said planar charging

surface is divided into a plurality of charging regions.

A battery charging system as claimed in claim 14 wherein said primary charging
circuit comprises a plurality of primary transformer windings arranged in a
regular array and wherein said windings are connected in groups to define said

charging regions.

A battery charging system as claimed in claim 1 wherein said primary charging
circuit comprises an array of primary windings, and wherein when a device is
placed on said charging surface charging energy is transferred to said device

from only those primary windings closely adjacent to said device.

A battery charging system as claimed in claim 1 wherein said planar charging
surface is large enough to enable a said device to be moved over said charging

surface while being charged.

A charging module for a battery charging system, said module comprising a

primary charging circuit and being formed with a charging surface for receiving
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an electronic device to be charged, wherein said charging module comprises a

plurality of transformer primary windings arranged in a regular array.

A charging module as claimed in claim 18 wherein when an electronic device to
be charged is placed on said charging surface charging energy is transferred to

said device from only those primary windings closely adjacent to said device.

A charging module as claimed in claim 18 wherein said transformer primary

windings are connected to each other in series and/or in parallel.

A charging module as claimed in claim 18 wherein said primary transformer

windings are planar and substantially parallel to a planar charging surface.

A charging module as claimed in claim 21 wherein said primary windings are
formed in at least two planes, each said plane including an array of said

windings.

A charging module as claimed in claim 22 wherein the array of a first said plane
is offset relative to the array of a second said plane whereby regions of said first
array that generate maximum magnetic flux coincide with regions of said second

array that generate minimum magnetic flux.

A charging module as claimed in claim 22 comprising three layers of hexagonal

windings.
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A charging module as claimed in claim 22 comprising four layers of square

windings.

A charging module as claimed in claim 21 wherein said primary windings are

formed on a printed circuit board.

A charging module as claimed in claim 21 wherein electromagnetic shielding is

providéd on the side of said primary windings opposite from said planar

charging surface.

A charging module as claimed in claim 27 wherein said shielding comprises a

sheet of ferrite material.

A charging module as claimed in claim 28 wherein said shielding further

comprises a second sheet of conductive material.

A charging module as claimed in claim 18 wherein said charging surface is large

enough to allow two or more devices to be charged thereon simultaneously.

A charging module as claimed in claim 18 wherein said charging surface is large

enough to allow a device to be moved over the charging surface while being

charged.

A battery powered portable electronic device comprising a rechargeable battery,

and wherein said device includes a planar secondary winding for receiving
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electrical energy from a battery charger, and electromagnetic shielding between

said winding and the major electronic components of said device.

An electronic device as claimed in claim 32 wherein said shielding comprises a

sheet of ferrite material and a sheet of conductive material.

An electronic device as claimed in claim 32 wherein said winding is formed

integrally with a back cover of said device.

A battery charging system comprising a primary module and at least one
secondary module, said primary module comprising means for connecting to a
mains supply, and at least one primary winding adjacent a charging surface of
said primary module, and wherein said secondary module comprises a secondary
winding adjacent a surface of said secondary modﬁle, circuit means for
converting alternating current generated in said secondary winding to a
regulated DC output, and a charging connector for connection to the charging

socket of an electronic device.

A battery charging system as claimed in claim 35 wherein said primary charging
module comprises a plurality of primary windings each associated with a
respective charging surface whereby said primary charging module is able to

receive a plurality of secondary charging modules simultaneously.

A battery charging system as claimed in claim 36 wherein said charging surfaces

are provided with engagement means for engaging a secondary module.
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A battery charging system as claimed in claim 37 wherein said engagement
means include a mechanical switch whereby power is supplied to said primary

winding only when a secondary module is engaged by a charging surface.

A battery charging system as claimed in claim 35 wherein said primary winding

is formed by a coil.

A battery charging system as claimed in claim 39 wherein said coil is wound on

a magnetic structure.

A battery charging system as claimed in claim 39 wherein said coil is parallel to

said charging surface.

A battery charging system as claimed in claim 35 wherein said primary winding

is printed in a printed circuit board.

A battery charging system as claimed in claim 42 wherein said printed circuit

board is parallel to said charging surface.

A battery charging system as claimed in claim 35 wherein said secondary

winding is formed by a coil.

A battery charging system as claimed in claim 44 wherein said coil is parallel to

said charging surface.
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A Dbattery charging system as claimed in claim 1 wherein said secondary

winding is printed on a printed circuit board.

A battery charging system as claimed in claim 46 wherein said printed circuit

board is parallel to said charging surface.

A secondary module for a battery charging system, comprising: a housing
having at least one charging surface, a winding provided in said housing
adjacent to said surface and adapted to receive magnetic flux when said surface
is brought adjacent to a primary winding, circuit means for converting
alternating current in said secondary winding to a regulated DC output, and a
connector means for connecting said DC output to the charging socket of an

electronic device.
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- CONTROLLING INDUCTIVE POWER TRANSFER SYSTEMS

The present invention relates to cdntrolling inductive power transfer systems for

use, for example, to power portable electrical or electronic devices.

" Inductive power transfer systems suitable for powering portable devices may
consist of two parts:
» A primary unit having at least one primary coil, through which it drives an
alternating current, creating a time-varying magnetic flux.

10 e A secondary device, separable from the primary unit, containing a secondary coil.
When the secondary coil is placed in proximity to the time-varying flux created
by the primary coil, the varying flux induces an alternating current in the
secondary coil, and thus power may be transferred inductively from the primary
unit to the secondary device.

15

Generally, the secondary device supplies the transferred power to an external load, and
the secondary device may be carried in or by a host object which includes the load. For
example the host object may be a portable electrical or electronic device having a
rechargeable battery or cell. In this case the load may be a battery charger circuit for

20 charging the battery or cell. Alternatively, the secondary device may be incorporated in

such a rechargeable cell or battery, together with a suitable battery 6harger circuit.

A class of such an inductive power transfer systems is described in our United Kingdom
patent publication GB-A-2388716. A notable characteristic of this class of systems is the
25  physically “open” nature of the magnetic system of the primary unit — a significant part of
the magnetic path is through air. This is necessary in order that the primary unit can
supply power to different shapes and sizes of secondary device, and to multiple
secondary devices simultaneously. Another example of such an “open” system is
described in GB-A-2389720.
30
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Such systems may suffer from some problems. A first i)roblem is that the primary unit
cannot be 100% efficient. For example, switching losses in the electronics and PR losses
in the primary coil dissipate power even when there is no secondary device present, or
when no secondary devices that are present require charge. This wastes energy.

Preferably the primary unit should enter a low-power “standby mode™ in this situation.

A second problérxi in such systems is that it is not possible to mechanically prevent
foreign objects from being placed into proximity with the primary coil, coupling to the
coil. Foreign objects made of metal will have eddy-currents induced therein. These eddy
currents tend to act to exclude the flux, but because the material has resistance, the
flowing eddy currents will suffer I’R losses which will cause heating of the object. There
are two particular cases where this heating may be significant:

e Ifthe resistance of any metal is high, for example if it is impure or thin.

e Ifthe material is ferromagnetic, for example steel. Such materials have high
permeability, encouraging a high flux density within the material, causing large
eddy currents and therefore large I°R losses.

In the present application, such foreign objects that cause power drain are termed
“parasitic lbads”. Preferably the primary unit should enter a “shutdown mode” when
parasitic loads are present, to avoid heating them.

Various approaches to solve these two problems have been proposed in the prior art.

Solutions to the first problem, of not wasting power when no secondary device requires
charge, include:

e InEP0533247 and US 6118249 the secondary device modulates its inductive load
during charging, causing a corresponding variation in the power taken from the
primary unit. This indicates to the primary unit ‘that it should stay out of the
standby state.

e InEP1022840 the primary unit varies the frequency of its drive, and thus the
coupling factor to a tuned secondary unit. If the secondary unit is not taking
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10 .

power, there is no difference in the power taken as the frequency is swept and
thus the primary unit goes into a standby state.
In US5536979 the primary unit simply measures the power flowing in the primary

coil, and enters a pulsing standby state if this is below a threshold.

In US5896278 the primary unit contains detecting coils which have power
coupled back into them according to the position of the secondary device. If the
device is not present the primary unit enters a standby mode.

In US5952814 the secondary device has a mechanical protrusion which fits a slot
in the primary unit, activating it. '

In US6028413 the primary unit drives two coils, and there are a corresponding
two power receiving secondary coils in the secondary unit. The primary unit
measures the power delivered from each primary coil and enters standby mode if

it is below a threshold.

15  Solutions to the second problem, of parasitic loads, include:

20

25

As mentioned above, in EP1022840 the primary unit varies the frequency of its
drive. In this system, the secondary device is tuned, so this frequency variation
will result in a variation of the power taken from the primary unit. If the load is
instead a piece of metal, then varying the frequency will not have as much effect
and the primary unit will enter a shutdown state.

As mentioned above, in US5952814 a key in the secondary device activates the
primary unit. The assumption is that if a secondary device is present then this will
physically exclude any foreign objects.

As mentioned above, in US6028413 the primary unit supplies power to the
secondary device by driving two primary coils. If the amount of power supplied
by the two coils is different, the primary unit assumes that the load is not a valid

secondary device and enters shutdown mode.

These approaches all assume a 1:1 relationship between the primary unit and the

30  secondary device. Therefore they are not sufficient for systems such as those described in

GB-A-2388716 where more than one secondary device at a time may be present. For
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example, they would not work when there are two secondary devices present, one

requiring charge and the other not.

Some of these approaches also assume that the physical or electrical presence of a valid
secondary device implies that all foreign objects are physically excluded by the
secondary device. This is not necessarily the case, particularly when the secondary
devices may be positioned arbitrarily in respect of the primary unit, as in those described

in GB-A-2388716.

According to a first aspect of the present invention, there is provided an inductive power
transfer system comprising a primary unit, having a primary coil and electrical drive
means connected to the primary coil for applying electrical drive signals thereto so as to
generate an electromagnetic field, and the system also comprising at least one secondary
device, separable from the primary unit and having a secondary coil adapted to couple
with said field when the secondary device is in proximity to the primary unit so that
power can be transferred inductively from the primary unit to the secondary device
without direct electrical conductive contacts therebetween, wherein the primary unit
further comprises: control means operable to cause a circuit including said primary coil to
operate, during a measurement period, in an undriven resonating condition in which the
application of said drive signals to said primary coil by said electrical drive means is
suspended so that energy stored in said circuit decays over a course of said period; and
decay measurement means operable to take one or more measures of such energy decay
duﬁng said period; said control means being further operable, in dépendence upon said
one or more energy decay measures, to control the electrical drive means so as to restrict

or stop inductive power transfer from the primary unit.

Such a system is advantageous because it can address either or both the standby problem
and the parasitic load detection problem listed above, in a robust and cost-effective
mannper, and is particularly advantageous in systems which may have multiple secondary
devices present in different ;:harge states, and/or whose open magnetic nature makes it

easy for parasitic objects to couple to the primary coil.
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In the present application, the texm “ring-down” will be used to mean causing the circuit
(“resonant tank’) including the primary coil to operate in this undriven resonating

condition.

During a ring-down, no enérgy is being supplied to the primary coil, and so the decay of
energy in the resonant tank is a measure of how much energy is being removed from it.
The principal causes of energy loss are: '

o Energy coupled into the secondary coil of any secondary device present. This
energy may be stored in a storage unit.of the secondary device (if provided)
and/or delivered to a load connected to the secondary device.

e Losses to any parasitic loads (foreign objects other than valid secondary devices)
present.

e Other losses in the primary unit or any secondary devices/host objects present.
These other losses include inefficiencies in the primary coil jtself and any other
components of the resonant tank (e.g. I’R losses in the copper of the coil or

- effective series resistance of any resonating capacitor). They also include any
magnetic losses in the primary and secondary units, for example magnetic
hysteretic loop losses in any cores associated with the primary unit and/or

secondary device.

In a preferred embodiment the or one energy decay measure is a measure of a rate of such
energy decay. In this case, the rate of energy decay is a measure of the rate at which

energy is being removed from the resonant tank.

The control means may employ the energy decay measures to detect when a substantial
parasitic load is present in.pro‘}iimity to said primary unit, and restrict or stop inductive
power transfer from the primary unit following the detection of such a substantial
parasitic load. For example, the energy decay rate may be compared with a shutdown

threshold, and if the rate exceeds the threshold the power transfer is shut down.
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Alternatively, or in addition, the control means may employ the energy decay measures to
detect when there is no secondary device present in proximity to the primary unit, and
restrict or stop inductive power transfer from the primary unit when no such secondary

device is detected.

When carrying out such detection the control means may employ first compensation
information relating to a load imposed on the primary unit by losses in the primary unit
jtself so as to compensate for said losses of said primary unit. This prevents the detection
from being affected by the inefficiencies in the primary coil itself and any other

components of the resonant tank, as mentioned above.

The primary unit may further comprise calibration means for deriving part or all of the
first compensation information from measurements taken by the primary unit when it is

effectively in electromagnetic isolation.

As noted above, depending on its construction, the secondary device, and/or any host
object which carries it, may suffer magnetic losses intrinsic to its construction, for
example in magnetic core material, and other metal used in its construction. These so-
called “friendly parasitics” will be accounted for by the primary unit as a further parasitic
loss, and if they sum to more than the threshold, the control means will shut the primary
unit down. This may be avoided by providing a method of communicating the friendly
parasitics of a device to the primary unit so that they may be accounted for and added to

the shutdown threshold.

Accordingly, when carrying out such detection said control means may employ second
compensation information relating to a parasitic load imposed on the primary unit by the

secondary device so as to compensate for the parasitic load of the secondary device.

In this case, preferably the or each secondary device is operable to communicate its

second compensation information directly to the primary unit or to communicate to the
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primary unit other information from which the primary unit can derive the second

compensation information.

The secondary device may modulate a dummy load to communicate this other
information, and the primary unit may derive the second compensation information by

measuring the dummy load modulation.

This way of communicating the second compensation information also still works if
multiple secondary devices are present. For example, assuming the secondary devices
apply their dummy loads at the same time, the primary unit will see a total dummy load
equal to the sum of the individual dummy loads of the secondary devices. This is all that

the primary unit needs to know for compensating for the parasitic loads of the secondary

devices.

One way of doing this is to have a feedback resistor, whose value is proportional to the
value of the friendly parasitics of the secondary device, which can be switched across the
secondary coil, creating a dummy parasitic load. If this feedback resistor is always ‘
applied during certain ring-downs (for example during the third ring-down of a set), the
primary unit can then measure the sum of the incremental loads resulting from the
feedback resistors in each secondary device present (whether its load is drawing power or
pot) and adjust its threshold accordingly. As described beléw, the same feedback resistor

may be used as a binary on/off signalling means to control standby mode.

Part or all of the first compensation information and/or part or all of the second
compensation information may be information stored in the primary unit during

manufacture and/or testing of the primary unit.

The system may have information varying means for varying one or both of the first and
second compensation information when one or more operating conditions (for example,

temperature) of the primary unit vary.
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The decay measurement means may take one or more first such energy decay measures in
a first such measurement period and take one or more second such energy decay
measures in a second measurement period. In this case the secondary device may
comprise decay varying means which cause the secondary device to consume more
energy in the first measurement period than in the second measurement period. The
control means in said primary unit can then employ the first and second energy decay
measures to detect when a secondary device of the system is present in proximity to the
primary unit. For example, if the control means detects a substantial difference between
the first energy measures and the second energy measures, it may conclude that a

secondary device must be present.

The decay varying means may cause the secondary device to impose a first dummy load
on the primary unit in the first measurement period and to impose a second dummy load,
different from the first dummy load, on said primary unit in the second measurement

period. One of the first and second dummy loads may be zero.

In this way, the secondary device may apply an additional dmﬁmy (or “feedback™) load
only during some ring-downs and not during others, or only during some part of the ring-
down but not others. This may be done for example by switching the feedback resistor
mentioned above across the secondary coil, creating a dummy parasitic load, as measured
by the primary unit, which varies with time. In contrast, true parasitic loads (for example
a piece of steel) will appear to be a constant parasitic load. If the primary unit control
means takes similar load measurements between different ring-downs, or different parts
of the same ring-down, it may put the drive means into a power-saving “standby” mode.

This mode will be entered when no valid secondary device is present.

The decay varying means may be disabled when an actual load of the secondary device
requires no power. If the secondary device only presents a time-varying load during ring-
down when it requires power, then the primary unit will enter a standby mode even when

there are secondary devices present, if they don’t require power.
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A difference between the first dummy load and the second dummy load may be set in
dependence upon said parasitic load imposed on said primary unit by said secondary
device. This is a convenient way to communicate the second compensation information

to the primary unit.

The secondary device may be adapted to supply the power it receives inductively from
the primary unit to an actual load external to the secondary device. The load may be
physically separable from the rest of the secondary device, for example it may be
connected by a removable plug and socket arrangement. Of course, the secondary device
will generally include its own circuitry which will need some of the received power too.

In some cases the load could be internal to the secondary device.

The secondary device preferably comprises a storage means for storing energy received
from the primary unit. The storage means, where provided, supplies stored energy to the
actual load and)or circuitry of the secondary device when the circuit is operating in the
undriven resonating condition. This is not essential in all embodiments. Any load which

can cope with short power reductions or interruptions will not require the storage means.

The secondary device may comprise load isolation means ‘operable during the
measurement period to prevent the supply to an actual load of the secondary device of
any of the power being received inductively by the secondary device from the primary

" unit. Ideally during a ring-down the storage means of the secondary device is of
sufficient capacity, and sufficiently well-charged before the ring-down comménces, that
the decay of energy in the storage means happens more slowly than the decay of energy
in the primary coil. If this cannot be guaranteed to Bc the case under all conditions, for
example if the load is separable and with unknown characteristics, then the load isolation
means can be included in the secondary device to disconnect the secondary device’s

storage means, and load, during the ring down, to ensure that its electrical load is not

measured by the primary umit.
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When the inductive power transfer from the primary unit has beeﬁ set to such a restricted
or stopped state, for example because the parasitic load became too high, the control
means may cause the circuit to operate in the undriven resonatiﬁg condition during a
series of intermittent probing periods. In this case the decay measurement means takes
one or more such energy decay measures during each said probing period. The control
means employ the energy decay measures taken during the probing periods to determine
when to end the restricted or stopped state. For example, the control means may
periodically allow the drive to run for a short while in order to conduct a ring-down to

measure the parasitic load and, if it is now below a threshold, resume the drive.

Aiternatively, when the inductive power transfer from the primary unit has been set into
such a restricted or stopped state, the control means may maintain that state until the

primary unit is reset by a user of the primary unit.

It may be advantageous to provide a clear means of synchronising the behaviour of the
secondary device with that of the primary unit. For example, if the secondary device must
isolate the load during ring-down, it may need a clear signal that such a ring-down is
about to happen, since opening it once a ring-down is in process may be too late. There
are maily possible means of such synchronisation using a variety of communications
means, but one convenient and reliable method is to use the power transfer channel
between primary unit and secondary device by puiting onto the primary coil a signal
which does not occur during normal operation. For example, the primary unit may change

the amplitude, frequency or phase of its drive.
The primary unit may comprise synchronising means operable to transmit a
predetermined synchronising signal to the secondary device to synchronise operation of

the secondary device with that of the primary unit.

The synchronising means may send the predetermined synchronising signal prior to

causing the circuit to operate in said undriven resonating condition.

10
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The primary unit may further comprise snubber means. In this case, fche synchronising
means may switch the snubber means into the circuit after-suspending the application of
electrical drive signals to said primary coil, so as to send the synchronising signél to the
secondary device. In this way the primary coil is stopped very quickly by switching in
the snubber, which provides a very easily detectable synchronising signal.

The storage means (e.g. capacitor) of the secondary device may be of significant size and
cost if it is to provide sufficient capacity to supply the load during a ring-down. Therefore
it is advantageous for the ring-down to occur as quickly as possible. Measuring fewer

cycles of the primary coil is one way to achieve this. This will reduce the accuracy of the

system but this may be compensated for by averaging the results of several ring-downs.

The primary unit may further comprise resonant frequency increasing means for
temporarily increasing a resonant frequency of the circuit during operation thereof in the
undriven resonating condition. This is another way to shorten the ring-down time,
because by increasing the resonant frequency of the primary coil during a ring-down,

more cycles occur in less time.

The control means preferably cause the electrical drive means to resume application of
the drive signals to the primary coil in phase with any residual resonating energy within
the circuit. After a ring-down is complete, the primary unit must resume normal
operation as quickly as possible to prevent the secondary device storage means from
discharging to the point where the supply to the load becomes inadequate. Restarting the
drive to the primary coil in-phase with any residual resonating energy within the primary
coil can ensure that the coil returns to nominal operating conditions as quickly as

possible.

The control means may cause the electrical drive means to temporarily boost the
electrical drive signals prior to causing the circuit to operate in the undriven resonating
condition. This can enhance the hold-up of the secondary device storage means, for-any

given such means, keeping the size and cost of such means to a minimum. Before a ring-

11
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down, the control means may cause a boost in the current in the primary coil for one or
more cycles, thus temporarily raising the voltage in the secondary device storage means.
This stores more energy in that means, enabling it to power the load for longer during

ring-down.

The control means may measure a natural resonant frequency of the circuit during the
measurement period and employ the measured frequency to compensate for an influence
of changes in the natural resonant frequency on the energy decay measures. Because the
resonant tank is not being actively driven during ring-down, the primary coil resonates at
the natural resonant frequency of the system. Measuring the natural resonant frequency
during ring-down allows a calculation of the inductance to be made, leading to a direct
calculation of total power loss. The inductance may change due to the presence of

secondary devices and/or parasitic loads.

The control means may cause the circuit to operate in the undriven resonating condition
during a series of different such measurement periods. In this case, the decay
measurement means may take one or more such energy decay measures in each said
measurement period. ‘The control means can then employ the energy decay measures
taken in two or more different measurement periods to control said electrical drive
means. For example, the control means can employ an average of the energy decay

measures taken in different measurement periods. -

Two or more successive measurement periods may be part of the same ring-down. This
can give fast results. Alternatively, there may be just one measurement period in each
ring-down. This gives slower results but it is possible to resume application of drive
signals to the primary coil between measurement periods, making the power interruption
to the secondary devices shorter. Also, the circuit conditions can be replicated at the start
of each measurement period. The duration of each ring-down is preferably short

compared to an interval between successive ring-downs.

12
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In some systems, the primary coil may not driven coﬁﬁnuously. It may, for example, be
driven in pulses, for example in a pulse-width-modulated manner. In such systems, a
partial “ring-down” is effectively happening whenever the primary coil is not being
actively driven, perhaps once or more per cycle. Measurement of the natural resonant
frequency and decay of the primary coil during these un-driven periods can provide the

same functionality as that from the multiple-cycle ring-downs described above.

The secondary device may have a timing means capable of changing the behaviour of the
secondary device over time. For example, the timing means may detect when a second
ring-down has happened shortly after a first ring-down, and, for example, switch in a
conditional dummy (feedback) load only on such a shortly-following second ring-down.
This may be useful for example in making interactions between the primary unit and
secondary device more deterministic. For example such a means could be used to make
the standby detection scheme described above more reliable. For example, if the primary
unit always conducts ring-downs in pairs a few milliseconds apart but repeated once
every second, and the secondary device applies the feedback load only on the second of
the two ring-downs of a pair, the primary unit may average several “first ring downs?,
and separately average several “second ring-downs”, to improve the accuracy of

measurement.

The invention can operate even in systems which have more than one primary coil. An
example is systems which allow complete freedom of position or orientation of the
secondary device by having two orthogonal coils, driven in quadrature, as in GB-A-
2388716. In such systems there will be some coupling between the two primary coils,
which may make it awkward to analyse a “ring-down” occurring simultaneously on both
coils. In this case, the coils can be tested alternately. At the start of a test, both coils are
halted, but then only the first coil is allowed to ring-down while the second coil is held in
a halted state to prevent it from affecting the measurements on the first coil. During the

next test the first coil is held halted while the second coil is allowed to ring-down.

13
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Accordingly, in a preferred embodiment the primary unit may have first and second such
primary coils. A first such electrical drive means is connected to the first primary coil for
applying electrical drive signals thereto so as to generate a first electromagnetic field, and
a second such electrical drive means is connected to the second primary coil for applying
electrical drive signals thereto so as tb generate a second electromagnetic field. The
control means causes the second electrical drive means to suspend application of
_electrical drive signals to the second primary coil whilst a first such circuit including the
first primary coil is in the undriven resonating condition and the decay measurement
means are taking one or more such measures of energy decay in the first circuit.
Similarly the control means causes the first electrical drive means-to suspend application
of electrical drive signals to the first primary coil whilst a second such circuit including
said second primary coil is in the undriven resonating condition and the decay
measurement means are taking one or more such measures of energy decay in the second

circuit.

The operating conditions of the primary unit after the ring-down is complete are likely to
be identical to those before the ring-down started. If the primary unit contains any control
loops (for example to maintain the strength of the magnetic flux), these control loops may
be frozen during the ring-down, so that they do not respond to the ring-down and can

resume normal operation immediately.

At least one secondary device may be carried in or by an object requiring power. The
secondary device can receive power inductively from the primary unit when the object
carrying the secondary device is placed on or in proximity to the primary unit. The object
may be a portable electrical or electronic device, for example a mobile communication

device.

The system may have an “open” construction with a power transfer surface, the field
generated by said primary unit being distributed over a power transfer area of the surface
such that, when such a secondary device is placed on or in proximity to the power

transfer area, the device can receive power inductively from the primary unit.
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The power transfer area may be large enough that two or more such secondary devices
can be placed on or.in proximity to the power transfer area to receive power

simultaneously from the primary unit.

According to a second aspect of the present invention there is provided a primary umit, for
use in an inductive power transfer system, the primary unit comprising: a primary coil;
electrical drive means connected to said primary coil fof applying electrical drive signals
thereto so as to generate an electromagnetic field; control means operable to cause a
circuit including said primary coil to operate, during a measurement period, in an
undriven resonating condition in which the application of said drive signals to said
primary coil by said electrical drive means is suspended so that energy stored in said
circuit decays over the course of said period; and decay measurement means operable to
take one or more measures of such energy decay during said period; said control means
being further operable, in dependence upon said one or more energy decay measures, to

control the electrical drive means so as to restrict or stop inductive power transfer from

the primary unit.

According to a third aspect of the present invention there is provided a secondary device,
for use in an inductive power transfer system that comprises a primary unit which
generates an electromagnetic field, the secondary device comprising: a secondary coil
adapted to couple with said field generated by said primary unit when the secondary
device is in proximity to the primary unit so that power can be received inductively by
the secondary device from the primary unit without direct electrical conductive contacts
therebetween; load connection means, connected to said secondary coil and adapted to be
connected when the secondary device is in use to a load requiring power from the
primary unit, for supplying such inductively-received power to the load; and
communication means operable to communicate to the primary unit information relating

to a parasitic load imposed on the primary unit by the secondary device.
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The communication means may communicate the information by imposing a dummy

load on said primary unit.

The communication means may impose a first dummy load on the primary unit at a first
time and a second dummy load, different from the first dununy load, at a second time, a
difference between the first and second dummy loads being set in dependence upon the

parasitic load. One of the first and second dummy loads may be zero.

This way of communicating the information still works if multiple secondary devices are
present. For example, assuming the secondary devices apply their dummy loads at the
same time, the primary unit will see a total load equal to the sum of the individual
dummy loads of the secondary devices. In this way, the total parasitic load from multiple

secondary devices can be communicated very efficiently and reliably.

Alternatively, the communication means may set a time period in which a dummy load is
imposed on the primary unit in dependence upon the parasitic load imposed on the
primary unit by the secondary device. The primary unit can then measure the duration of

the period to obtain information relating to the parasitic load.

According to a fourth aspect of the present invention there is provided a portable
electrical or electronic device comprising: a load which at least at times requires power
from said i)rimary unit; and a secondary device embodying the aforesaid third aspect of
the present invention, said load connection means of said secondary device being

connected to said load for supplying such inductively-received power to the load at said

times.

According to a fifth aspect of the present invention there is provided a method of
controlling inductive power transfer in an inductive power transfer system comprising a
primary unit, having a primary coil to which electrical drive signals are applied to
generate an electromagnetic field, and also comprising at least one secondary device,

separable from the primary unit and having a secondary coil adapted to couple with said
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field when the secondary device is in proximity to the primary unit so that power can be
transferred inductively from the primary unit to the secondary device without direct
electrical conductive contacts therebetween, which method comprises: causing a circuit
including said primary coil to dperate, during a measurement period, in an undriven
resonating condition in which the application of said drive signals to said primary coil is
suspended so that energy stored in the circuit decays over the course of said period;
taking one or more measures of such energy decay during said period; and restricting or
stopping inductive power transfer from the primary unit in dependence upon said one or

more energy decay measures.

Reference will now be made, by way of example, to the accompanying drawings in
which: '

Figure 1 is a block diagram showing parts of an inductive power transfer system
embodying the present invention;

Figures 2(A) and (B) show example waveforms generated in the Figure 1 system;

Figure 3 is a graph illustrating how energy decays in different parts of the system of
Figure 1;

Figure 4 is a block diagram showing parts of an inductive power transfer system
according to a preferred embodiment of the present invention;

Figure 5 shows different operating states of a circuit in the Figure 4 system when the
circuit is in an undriven resonating condition;

Figure 6 is a graph illustrating a variation over time of current flowing through a primary
coil in each of the Figure 5 states;

Figure 7 is a diagram illustrating waveforms generated in operation of the Figure 4
system;

Figure 8 is a diagram for illustrating different modes of operation in the Figure 4 system;
and

Figures 9(A) to (E) illustrate the conditions under which the modes of Figure 8 are
selected in the Figure 4 system.
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Figure 1 illustrates parts of an inductive power transfer system embodying the present
invention. The system 1 comprises a primary unit 10 and ‘at least one secondary device
30. The primary unit 10 has a primary coil 12 and an electrical drive unit 14 connected to
the primary coil 12 for applying electrical drive signals thereto so as to generate an

electromagnetic field.

The primary unit may have any suitable form but one preferred form is a flat platform
having a power transfer surface on or in proximity to which each secondary device can be
placed. In this case, the field may be distributed over a power transfer area of the surface,

as described in GB-A-2388716.

The secondary device 30 is separable from the primary unit 10 and has a secondary coil
32 which couples with the electromagnetic field generated by the primary unit when the
secondary device is in proximity to the primary unit. In this way, power can be
transferred inductively from the primary unit to the secondary device without direct

electrical conductive contacts therebetween.

The primary and secondary coils can have any suitable forms, but may for example be

copper wire wound around a high-permeability former such as ferrite or amorphous

metal.

The secondary device is usually connected to an external load (not shown) and supplies
the inductively-received power to the external load. The secondary device may be
carried in or by an object requiring power such as a portable electrical or electronic
device or a rechargeable battery or cell. Further information regarding designs of
secondary device and the objects which can be powered using the secondary devices can

be found in GB-A-2388716.
The primary unit 10 in the Figure 1 system also comprises a control unit 16 and a decay

measurement unit 18. The control unit causes a circuit (referred to hereinafter as a

“resonant tank”) including the primary coil to operate in an undriven resonating condition
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during a measurement period. In this undriven resonating condition (“ring-down”) the
application of electrical drive signals to the primary coil by the electrical drive unit 14 is
suspended so that energy stored in the resonant tank decays over the course of the

measurement period.

Typically a resonant tank is formed by a circuit comprising at least an inductor and a
capacitor. The resonant tank stores electrical energy. When brought into the undriven
resonating condition, the stored electrical energy flows or oscillates within the tank at a

natural resonant frequency of the tank.

The resonant tank includes not only the electrical circuit within the primary unit of which
the primary coil is a part, but also the electrical circuit(s) within the at least one secondary
units, which is or are coupled to the primary coil via the magnetic circuit formed by the

primary and secondary coil(s).

The primary coil may be made resonant with a capacitor in series or parallel, or both
series and parallel, and/or may be resonant due to its self-capacitance. It may or may not
be driven at its resonant frequency in normal operation, but once a ring-down occurs will

naturally oscillate at its resonant frequency.

During a ring-down, no energy is being supplied to the primary coil, and so the rate of
decay of energy in the resonant tank is a measure of the rate at which energy is being
removed from it. The principal causes of energy loss are:
e Energy coupled into the secondary coil of any secondary device present. This
energy may be stored in a storage unit of the secondary device and/or delivered to
a load connected to the secondary device.
= Losses to any parasitic loads (foreign objects) present.
e Other losses in the primary unit or any secondary devices/host objects present.
These other losses include inefficiencies in the primary coil itself and any other
components of the resonant tank (e.g. IR losses in the copper of the coil or

effective series resistance of any resonating capacitor). They also include any
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magnetic losses in the primary and secondary units, for example magnetic
hysteretic loop losses in any cores associated with the primary unit and/or

secondary device.

Figures 2(A) and 2(B) show two possible examples of energy decay during a ring-down.
If the losses are small (Fig. 2(A)) then during a ring-down the energy in the resonant tank

will decay slowly. Conversely if the losses are large (Fig. 2(B)) then di:ring a ring-down

the energy in the resonant tank will decay rapidly.

The decay measurement unit 18 takes one.or more measures of the energy decay in the

resonant tank during the measurement period.

The decay measurement unit 18 may take the énergy decay measures in any suitable way,
for example by measuring the voltage across, or current through, the primary coil or by
measuring some other quantity associated with the primary coil, for example the
magnetic flux generated thereby. The measurement may be taken over part of a cycle, or
over one or more cycles. The measure may be, for example, the ratio of one peak to a
subsequent peak. Alternatively, the measure may be derived by curve-fitting several data

points. The measure is a rate of energy decay in the resonant tank in one preferred

embodiment.

The control unit 16 controls the electrical drive unit 14 so as to restrict or stop inductive
power transfer from the primary unit in dependence upon the energy decay measures

produced by the decay measurement unit 18.

The energy decay measures may be used by the control unit to restrict or stop inductive

power transfer from the primary unit following the detection of certain conditions.
One such condition is the presence of a substantial parasitic load in the vicinity of the

primary unit. In this case, the control unit 16 may enter a shutdown mode in which the’

drive to the primary coil is reduced or stopped, preventing heating of the parasitic load.
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Another such condition is when no secondary device of the system is present in the
vicinity of the primary unit. Another such condition is when there is at least one
secondary device present but none of the devices has a load currently requiring power. A
load does not require power, for example, when turned off or when, in the case of a
rechargeable battery or cell, the battery or cell is fully charged. Under both these
conditions the control unit 16 may enter a standby mode in which the drive to the primary
coil is reduced or stopped, preventing unnecessary power consumption in the primary

unit.

Compared to other possible methods of measuring the powér delivered to the primary coil
- for example by méasm_’ing the supply power to the primary unit drive electronics - the .
method used in the present invention is quick and accurate. This accuracy is due at least
to the following aspects:

e The drive electronics may be inactive and largely out of circuit during the ring-
down, therefore their noise and tolerances do not affect the measurement
accuracy.

e Since the method directly measures power taken, it is very hard to “trick” - it
works reliably regardless of how power is being taken out, in contrast to other
indirect techniques such as measuring inductance shift which make assumptions
between the quality they measure and the parasitic load, which may not always be

true.

Figure 4 shows parts of an inductive power transfer system according to a preferred
embodiment of the present invention. The system 1 has a primary unit 10 and a
secondary device 30. Figure 4 also shows a parasitic load 500 on the primary unit,
caused for example by a foreign object placed in the vicinity of the primary unit. The
secondary device 30 in this case is assumed to be carried in or by a host object such as a
portable electrical or electronic device. As explained hereinbefore the secondary device

and/or host object also inevitably impose a “friendly” parasitic load 501 on the primary

unit.
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As described earlier with reference to Figure 1, the primary unit 10 comprises a primary

coil 12, an electrical drive unit 14, a control unit 16 and a decay measurement unit 18.

The electrical drive unit 14 in this embodiment has a conventional half bridge
configuration in which a first switch 20 is connected between a first power supply line of
the primary unit and an output node of the electrical drive unit, and a second switch 21 is
connected between the output node and a second power supply line of the primary unit.
The first and second switches 20 and 21 may, for example, be field-effect transistors
(FETs). The electrical drive unit 14 also comprises a drive controller 19 which applies
control signals to the switches 21 and 22 to turn them on and off. The drive controller 19

has a control input connected to an output of the control unit 16

The output node of the electrical drive unit 14 is connected via a capacitor 17 to one side

of the primary coil 12.

The control unit 16 is a microprocessor in this embodiment. Alternatively, an ASIC
could be used to implement the control unit 16, as well as some or all of the other circuit

elements of the primary unit.

The decay measurement unit 18 in this embodiment comprises a resistor 25 which has a
first node connected to one side of a switch 28 and a second node connected to the second
power supply line. The resistor 25 is a Jow-value resistor. The decay measurement unit
18 further comprises an operational amplifier 26 having an input connected to the first -
node of the resistor 25. The decay measurement unit 18 also comprises an analog-to-
digital converter (ADC) 27 connected to an output of the operational amplifier 26. An

output of the ADC 27 is connected to a measurement input of the control unit 16.
The other side of the switch 28 is connected to the other side of the primary coil 12. A

snubber unit 22 is connected in parallel with the switch 28. The snubber unit 22

comprises a capacitor 23 and a resistor 24 connected in series with one another.
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The primary unit 10 further comprises a calibration unit 29 in this embodiment. The
calibration unit 29 stores first compensation information about the losses in the primary
unit (e.g. electrical or magnetic losses). By design, at manufacture, and/or periodically
thereafter, the losses in the primary unit may be calibrated and stored within the
calibration unit 29. The calibration unit supplies the stored information to the control unit
16 to enable the control unit 16 to subtract the losses from the total measurement, thus
calculating a number for the loss due to parasitic loads alone. This calibration' unit 29
may vary the first compensation information to cope with variable losses in the primary
unit, for example losses which vary with temperature.

~
The secondary device 30 comprises a secondary coil 32, a rectifier 34, a secondary
control unit 36, a dummy load switch 38, a dummy load 40, a load switch 42, a storage
unit 44 and an actual load 46. The dummy load switch 38 and the load switch 42 may
each be an FET, for examr;le. The dummy load 40 is, for example, a resistor. The
storage unit 44 is a capacitor in this embodiment but an inductor could be used instead.
The actual load 46 is external to the secondary device in this embodiment and is part of
the host object. It could be a battery charge controller for a Lithium-ion cell.

Operation of the system of Figure 4 will now be described.

In an “operating mode” of the system, the host object incorporating the secondary device
30 is placed on or in proximity to the primary unit 10. The drive controller 19 applies
control signals to the switches 20 and 21 alternately, so that electrical drive signals are
applied to the primary coil 12 via the capacitor 17. The switch 28 is closed. The primary
coil 12, capacitor 17, switch 28 and resistor 25 and parts of the secondary device 30
together form a resonant tank. The resonant tank is preferably driven by the electrical
drive unit 14 at or near resonance so as to maximise power transfer to the secondary
device, but this is not essential in the present invention. In its driven condition, the

resonant tank could be driven at some frequency other than its resonant frequency.

23

Page 1482 of 1718



10

15

20

25

30

WO 2005/109598 PCT/GB2005/001833

In the operating rn'ode, the primary coil 12 generates an electromagnetic field in the
vicinity of the primary unit. The secondary coil 32 couples with this field and an
alternating current is induced in the coil by the field. The dummy load switch 38 is open
and the load switch 42 is closed. The alternating current induced in the secondary coil 32
is rectified by the rectifier 34 and the rectified current is supplied via the load switch 42
to the storage unit 44 and the actual load 46. In this way, power is transferred inductively
from the primary unit to the secondary device 30 and from there to the load. The storage

unit 44 stores energy in the operating mode.

Whilst in the operating mode, from time to time the control unit 16 in the primary unit
initiates a series of three ring-downs in quick succession. Such a series of three ring-
downs is shown in Figure 7. The interval between successive series of ring-downs may
be, for example, one second. The duration of each ring-down is, for example, one

millisecond. Each ring-down of a series has a sequence of three states as shown in Figure

5.

Initially, the system has a normal state in which the control unit 16 causes the electrical
drive unit 14 to apply drive signals to the primary coil 12 to cause it to oscillate. It will
be appreciated that in the operating mode as described above, the system is in this state

for almost all the time.

The next state is a “snub” state. The application of drive signals to the primary coil 12 by
the electrical drive unit 14 is suspended under the control of the control unit 16. The
drive controller 19 closes the switch 21. The control unit 16 also opens the switch 28 at a
time when most of the energy in the resonant tank resides in the capacitor 17. The
opening of the switch 28 brings the snubber unit 22 in series with the resonant tank. The
snubber unit 22 quickly dissipates any energy which remains in the primary coil 12,
stopping it from resonating within one cycle or so. Most of the energy stored in the

resonant tank is left in the capacitor 17.
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The sudden cessation of cycles is detected by the secondary control unit 36 in the
secondary device 30. The secondary control unit 36 opens the load switch 42. The

system then enters the decay state from the snub state.

The control unit 16 closes the switch 28, removing the snubber unit 22 from the resonant
tank, and thus allowing the energy in capacitor 17 to flow again within the resonant tank.
In the decay state, the resonant tank operates in an undriven resonating condition. Energy
stored in the resonant tank decays over the course of time in the decay state. In this
embodiment, the decay measurement unit 18 measures the energy decay in the resonant
tank by measuring the current flowing through the primary coil 12. The same current
flows through the resistor 25 and generates a voltage at the first node of that resistor.

This voltage is buffered by the operational amplifier 26 and converted into a digital signal
by the ADC 27. The resulting digital signal is applied to the measurement input of the

control unit 16.

The secondary device uses the storage unit 44 to store energy from the primary unit
during normal operation. During the decay state, the energy stored in the storage unit 44
of the secondary device gradually decays as energy is delivered to the load. Provided that
the storage unit has sufficient capacity, and is sufficiently well-charged before ring-down
commences, the storage unit can deliver continuous power to the secondary device load
throughout the ring-down, so the actual load 46 is not interrupted. In Figure 3 a solid line
411 shows the decay of energy in the primary coil 12 and a dotted line 410 represents the

decay of energy in the storage unit 44 of the secondary device during the decay state.

The secondary device load will not take any power from the primary coil, and will thus
be “invisible” to the primary unit, during the decay state. This is possible in this
embodiment because the rectifier 34 between the secondary coil and the storage unit
allows current to flow only from the former to the latter. It can be arranged in other ways

that the secondary device load will not take any power from the primary coil during the

ring-down.
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As long as this is the case, the decay measurement will not include losses due to power

supplied to the secondary load, i.e. will only measure losses in the primary unit and losses

due to parasitic loads.

Figure 6 shows how the current flowing through the primary coil 12 varies in the normal,
snub and decay states which occur during a ring-down. In this embodiment, the digital
signals representing the current flowing in the primary coil within a measurement period
are received and processed within the control unit 16 to calculate a measure of the rate of

energy decay in the resonant tank.

An equation describing the energy stored in the resonant tank, at resonance, is:

=Lz _Lepe
2 2

where E is the energy, L the inductance, I is the peak current, C is the capacitance and

V is the peak voltage.

Therefore the energy stored in the resonant tank of the primary at any given moment can
be calculated if the inductance and peak current are known, or if the capacitance and peak
voltage are known, or combinations thereof. Typically the capacitance is known by
design, the peak current and voltage can be measured by suitable circuitry, and the

inductance can be deduced by observing the natural resonant frequency during ring-down

and applying the formula:

1
L=—c—rr
4z* f2C

The rate of decay of energy (and thus the loss) from the resonant tank can be calculated

by measuring E; at time T and E; at another time T>, and calculating
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Since at resonance the voltage and current in the resonant tank will be 90 degrees out of
phase with one another, a convenient method of reading the peak voltage of one is to

trigger the measurement on the zero-crossing of the other.

The control unit 16 employs the first compensation information stored in the calibration
unit 29 when processing the digital signals to measure the energy decay rate. In this way,

the control unit 16 compensatés for the losses arising in the primary unit itself.

The behaviour of the primary unit and the secondary device is slightly different in each of

the three ring-downs of a series.

During the first ring-down, the secondary control unit 36 has the dummy load switch 38
open so that the dummy load 40 is not connected to the secondary coil 32. As a result,
the energy decay measure produced during the first ring-down is a measure of the energy
decay due to any parasitic loads 500 from foreign objects in the vicinity of the primary
unit and any parasitic load 501 imposed by losses in the secondary device and/or its host

object .

During the second ring-down, the secondary control unit 36 selectively closes the dummy
Joad switch 38. The secondary control unit 36 decides whether to have the dummy load
switch 38 open or closed during the second ring-down based on the power requirement of
the actual load 46. If the load 46 does not require any power at the present time, for
example, because it has a rechargeable battery which is presently fully charged, then the
dummy load switch 38 is kept open during the second ring-down. If, on the other hand,

the load 46 does require power at the present time, then the dummy load switch 38 is

" closed so that the dummy load 40 is connected to the primary coil 32.
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The control unit 16 produces another measure of the energy decay rate during a

measurement period within the second ring-down. If the energy decéy rate during the
second ring-down is substantially different from the energy decay rate during the first
ring-down, the control unit 16 detects that a secondary device requiring power rﬁay be

present in the vicinity of the primary unit.

During the third ring-down, the secondary control unit 36 always closes the dummy load
switch 38 so that the dummy load 40 is connected to the secondary coil 32. Another
measure of the energy decay rate is taken by the control unit 16 in the primary unit. In
this case, the energy decay rate is a measure of the sum of the parasitic loads 500, the
parasitic load 501 of the secondary device and/or host object, and the dummy load 40.
Based on the difference between the energy decay rates in the first and third ring-downs,
the control unit calculates the value of the total of the dummy loads 40 in all of the

secondary devices present in the vicinity of the primary unit.

Each dummy load 40 in a secondary device 30 in the system of this embodiment is set to
a particular value (at manufacture or during calibration or testing) so that the value

represents the parasitic load 501 imposed by the secondary device concerned and/or by its

host object.

Thus, the total dummy load for all secondary devices prese;xt, as calculated by the control
unit 16, can be used by the control unit 16 as second compensation information to
compensate for the parasitic loads 501 of the secondary devices present. For example, if
the control unit 16 detects that a substantial parasitic load 500 is present in the vicinity of
the primary unit when the energy decay rate exceeds some threshold, the threshold may
be increased by an amount dependent on the total parasitic load 501 of all the secondary
devices present, so that the detection of parasitic loads 500 from foreign objects is not

influenced by the number of secondary devices present.

A system embodying the present invention is capable of measuring loads imposed on the

primary unit sensitively, for example to within 50mW or so. With this degree of
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sensitivity, it is possible to ensure that very little power is coupled into parasitic loads 500

such as foreign objects.

Figure 8 is a diagram illustrating the different modes of operation in the Figure 4 system’
and the conditions for switching between these different modes. The three modes of

' operation are an operating mode, a shutdown mode and a standby mode.

In the operating mode, the primary unit is in the normal state (driven condition) most of
the time, but periodically does a series of three ring-downs as described above. If the
result of the ring-downs is that no secondary device requires power, the‘primary unit goes
into a standby mode. If the result of the ring-downs is that a significam parasitic load 500

is present, the primary unit goes into a shutdown mode.

In the standby mode, the electrical drive unit 14 is stopped for most of the time, thus
consuming little power. Periodically the primary unit enters the normal state then does a
series of ring-downs in respective probing periods, to check whether it should enter either

the operating mode or the shutdown mode. Otherwise it remains in the standby mode.

The shutdown mode is functionally identical to standby mode. However, the two modes
may be distinguished by some user-interface feature such as an LED to prompt the user to

remove any substantial parasitic load 500.

Figures 9(A) to 9(E) illustrate the conditions under which the modes of Figure 8 are
selected in the Figure 4 system. In Figure 9(A) there is no secondary device present in
the vicinity of the prima;'y unit. In this case, the primary unit is in the standby mode. In
Figure 9(B) no secondary device is present but a substantial parasitic load is present in
the vicinity of the primary unit. In this case, the primary unit is in the shutdown mode.
In Figure 9(C) a secondary device and a substantial I;arasitic load are both present at the
same ﬁme in the vicinity of the primary unit. In this case, the primary unit is in the
shutdown mode. In Figure 9(D)a >secondary device is present in the vicinity of the

primary unit, but the load connected to the secondary device does not need any power at
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the current time. In this case, the primary unit is in the standby mode. Finally, in Figure
9(E) a secondary device is present and its load needs power to charge or operate. Thus,

the primary unit is in the operating mode.
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CLAIMS:

1. An inductive power transfer system comprising a primary unit, having a
primary coil and electrical drive means connected to the primary coil for applying
electrical drive signals thereto so as to generate an electromagnetic field, and the system
also comprising at least one secondary device, separable from the primary unit and
having a secondary coil adapted to couple with said field when the secondary device is in
proximity to the primary unit so that power can be transferred inductively from the
primary unit to the secondary device without direct electrical conductive contacts
therebetween, wherein the primary unit further comprises:

control means operable to cause a circuit including said primary coil to operate,
during a measurement period, in an undriven resonating condition in which the
application of said drive signals to said primary coil by said electrical drive means is
suspended so that energy stored in said circuit decays over the course of said period; and

decay measurement means operable to take one or more measures of such energy
decay during said period; and

said control means are further operable, in dependence upon said one or more
energy decay measu‘res, to control the elecirical drive means so as to restrict or stop
inductive power transfer from the primary unit.

2. A system as claimed in claim 1, wherein the or one said energy decay
measure is a measure of a rate of such energy decay.

. 3. A system as claimed in claim 1 or 2, wherein said control means are
operable to employ said one or more enefgy decay measures to detect when a substantial
parasitic load is present in proximity to said primary unit, and are operable to restrict or
stoi) inductive power transfer from the primary unit following the detection of such a
substantial parasitic load.

4. A system as claimed in any preceding claim, wherein said control means
are operable to employ said one or more energy decay measures to detect when there is
no said secondary device present in proximity to said primary unit, and are operable to
restrict or stop inductive power transfer from the primary unit when no such secondary

device is detected.
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5. A system as claimed in claim 3 or 4, wherein when carrying out such
detection the control means are also operable to employ first compensation information
relating to losses in the primary unit itself so as to compensate for said losses.

6. A system as claimed in claim 5, wherein the primary unit further
comprises calibration means for deriving part or all of said first compensation
information from measurements taken by the primary unit when it is- effectively in
electromagnetic isolation.

7. A system as claimed in any one of claims 3 to 6, wherein when carrying
out such detection said control means are also operable to employ second compensation
information relating to a parasitic load imposed on the primary unit by the secondary
device so as to compensate for said parasitic load of said secondary device.

8. A system as claimed in claim 7, wherein the or each said secondary device
is operable to communicate its said second compensation information directly to said
primary unit or to communicate to said primary unit other information from which the
primary unit can derive said second compensation information.

9. A system as claimed in claim 8, wherein said secondary device is operable
to modulate a dummy load to communicate said other information, and the primary unit
is operable to derive said second compensation information by measuring the dummy
load modulation.

10. A system as claimed in any one of claims 5 to 9, wherein part or all of said
first compensation information and/or part or all of said second compensation
information is information stored in the primary unit during manufacture and/or testing of
the primary unit.

11. A system as claimed in any one of claims 3 to 10, further comprising
information varying means for varying one or both of said first and second compensation
information when one or more operating conditions of the primary unit varies.

12. A system as claimed in any preceding claim, wherein:

said decay measurement means are operable to take one or more first such energy
decay measures in a first such measurement period and to take one or more second such

energy decay measures in a second measurement period;
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the secondary device comprises decay varying means operable to cause the
secondary device to consume more energy in said first measurement period than in said
second measurement period; and

the control means in said primary unit are operable to employ the first and second
energy decay measures to detect when a secondary device of the system is present in
proximity to said primary unit.

13. A system as claimed in claim 12, wherein said decay varying means are
operable to cause the secondary device to impose a first dummy load on the primary unit
in said first measurement period and to impose a second dummy load, different from said
first dummy load, on said primary unit in said second measurement period.

14. A system as claimed in claim 13, wherein one of the first and second
dummy loads is zero.

15. A system as claimed in claim 13 or 14, wherein said decay varying means
are disabled when an actual load of the secondary device requires no power.

16. A system as claimed in claim 13, 14 or 15 when read as appended to claim
9, wherein a difference between said first dummy load and said second dummy load is set
in dependence upon said parasitic load imposed on said primary unit by said secondary
device.

17. A system as claimed in any preceding claim, wherein said secondary
device is adapted to supply the power it receives inductively from the pﬁmary unit to an
actual load external to the secondary device. 7

18. A system as claimed in any preceding claim, wherein said secondary
device comprises a storage means for storing energy received from the primary unit, said
storage means being operable to supply such stored energy to an actual load and/or
circuitry of the secondary device when said circuit is operating in said undriven
resonating condition. ' _

19. A system as claimed in any preceding claim, wherein said secondary
device comprises load isolation means 'operable during said measurement period to
prevent the supply to an actual load of the secondary device of any of the power being
received inductively by the secondary device from the primary unit.

20. A system as claimed in any preceding claim, wherein:
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said control means are operable, following such restriction or stopping of the
inductive power transfer from the primary unit, to cause said circuit to operate in said
undriven resonating condition during a series of intermittent probing periods;

the decay measurement means are operable to take one or more such energy decay
measures during each said probing period; and '

the controi means are operable to employ the energy decay measures taken during
the probing periods to determine when to end the restricted or stopped state.

21. A system as claimed in any one of claims 1 to 19, wherein said control
means are operable, when the inductive power transfer from the primary unit has been set
into such a restricted or stopped state, to maintain that state until the primary unit is reset
by a user of the primary unit.

22. A system as claimed in any preceding claim, wherein the primary unit
comprises synchronising means operable to transmit a predetermined synchronising
signal to the secondary device to synchronise operation of the secondary device with that
of the primary unit.

23. A system as claimed in claim 22, wherein said synchronising means are
operable to send said predetermined synchronising signal prior to causing said circuit to
operate in said undriven resonating condition.

24. A system as claimed in claim 22 or 23, wherein said primary unit further
comprises snubber means, and said synchronising means are operable to switch said
snubber means into said circuit after suspending the application of said electrical drive
signals to said primary coil, so as to send said synchronising signal to said secondary
device.

25. A system as claimed in any preceding claim, wherein said primary unit
further comprises resonant frequency incréasing means for temporarily increasing a
resonant frequency of said circuit during operation thereof in said undriven resonating
condition.

26. A system as claimed in any preceding claim, wherein said control means
are operable to cause said electrical drive means to resume application of said drive
signals to said primary coil in phase with any residual resonating energy within said

circuit.
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217. A system as claimed in any preceding claim, wherein said control means

are operable to cause said electrical drive means to temporarily boost said electrical drive

.signals prior to causing said circuit to operate in said undriven resonating condition.

28. A system as claimed in any preceding claim, wherein said control means
are operable to measure a natural resonant frequency of said circuit during said
measurement period and to employ the measured frequency to compensate for an
influence of changes in the natural resonant frequency on said one or more energy decay
measures. :

29. A system as claimed in any preceding claim, wherein:

said control means are operable to cause said circuit to operate in said undriven
resonating condition during a series of different such measurement periods;

said decay measurement means are operable to take one or more such energy decay
measures in each said measurement period; and

said control means are operable to employ the energy decay measures taken in two
or more different measurement periods to control said electrical drive means.

30. A system as claimed in any preceding claim, wherein:

said primary unit has first and second such primary coils, a first such electrical
drive means connected to said first primary coil for applying electrical drive signals
thereto so as to generate a first electromagnetic field, and a second such electrical drive
meaﬁs connected to said second primary coil for applying electrical drive signals thereto
so as to generate a second electromagnetic field; and

said control means are operable to cause said second electrical drive means to
suspend appiication of said electrical drive signals to said second primary coil whilst a
first such circuit including said first primary coil is in said undriven resonating condition
and said decay measurement means are taking one or more such measures of energy

decay in said first circuit, and are also operable to cause said first electrical drive means

to suspend application of said electrical drive signals to said first prifnary coil whilst a

second such circuit including said second primary coil is in said undriven resonating
condition and said decay measurement means are taking one or more such measures of

energy decay in said second circuit.
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31. A system as claimed in any preceding claim, wherein at least one said
secondary device is carried in or by an object requiring power and can receive power
inductively from the primary unit when the object carrying the secondary device is placed
on or in proximity to the primary unit.

32. A system as claimed in claim 31, wherein said object is a portable
electrical or electronic device.

33. A system as claimed in claim 31 or 32, wherein said object is a mobile
communication device.

34. A system as claimed in any preceding claim, having a power transfer
surface, said field generated by said primary unit being distributed over a power transfer
area of the surface such that, when such a secondary device is placed on or in proximity
to the power transfer area, the device can receive power inductively from the primary
unit.

35. A system as claimed in ahy preceding claim, wherein said power transfer
area is large enough that two or more such secondary devices can be placed on or in .
proximity to the power transfer area to receive power simultaneously from the primary
unit.

36. A primary unit, for use in an inductive power transfer system, the primary
unit comprising:

a primary coil;

electrical drive means connected to said primary coil for applying electrical drive
signals thereto so as to generate an electromagnetic field;

control means operable to cause a circuit‘includirig said primary coil to operate,
during a measurement period, in an undriven resonating condition in which the
application of said drive signals to said primary coil by said electrical drive means is
suspended so that energy stored in said circuit decays over the course of said period; and

~ decay measurement means operable to take one or more measures of such energy
decay during said period;
- said control means being further operable, in dependence upon said one or more
energy decay measures, to control the electrical drive means so as to restrict or stop

inductive power transfer from the primary unit.
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37. A secondary device, for use in an inductive power transfer system that
comprises a primary unit which generates an electromagnetic field, the secondary device
comprising:

a secondary coil adapted to couple with said field generated by said primary unit
when the secondary device is in proximity to the primary unit so that power can be
received inductively by the secondary device from the primary unit without direct
electrical conductive contacts therebetween;

load connection means, connected to said secondary coil and adapted to be
connected when the secondary device is in use to a load requiring power from the
primary unit, for supplying such inductively-received power to the load; and |

communication means operable to communicate to the primary unit information
relating to a parasitic load imposed on the primary unit by the secondary device.

38. A secondary device as claimed in claim 37, wherein said communication
means are operable to communicate said information by imposing a dummy load on said
primary unit.

39. A secondary device as claimed ir\} claim 38, wherein said communication
means are operable to impose a first dumm‘yvléa{td on the primary unit at a first time and a
second dummy load, different from said first dumimy load, at a second time, a difference
between said first and second dummy loads being set in dependence upon said parasitic
load.

40. A secondary device as claimed in claim 39, wherein one of said first and
second dummy loads is zero.

41. A portable electrical or electronic device comprising:

a load which at least at times requires power from said primary unit; and

a secondary device as claimed in any one of claims 37 to 40, said load connection
means of said secondary device being connected to said load for supplying such
inductively-received power to the load at said times.

42. A method of controlling inductive power transfer in an inductive power
transfer system comprising a primary unit, having a primary coil to which electrical drive
signals are applied to generate an electromagnetic field, and also comprising at least one

secondary deviqg?_separable from the primary unit and having a secondary coil adapted to
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couple with said field when the secondary device is in proximity to the primary unit so
that power can be transferred inductively from the primary unit to the secondary device
without direct electrical conductive contacts therebetween, which method comprises:
causing a circuit including said primary coil to operate, during a measurement
5  period, in an undriven resonating condition in which the application of said drive signals
to said primary coil is suspended so that energy stored in the circuit decays over the
course of said period;
taking one or more measures of such energy decay during said period; and
restricting or stopping inductive power transfer from the primary unit in

10 dependence upon said one or more energy decay measures.
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3. With regard toanv nucleotide and/or aminoe acid sequence disclosed in the international application. this opinion has been
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b, time of filing or furnishing

{:l contained in the international application as filed.
l:l filed together with the international application in electronic form.
I:l furnished subsequently to this Authority for the purposes of search.

4. |:| In add:tion. in the case that more than one version or copy of a sequence listing has been filed or turnished. the required
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Box No. V Reasaned statement under Rule 43bis.1(a)(i} with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement

Novelty (N) Claims 1-60 YES
Claims NONE NO

Inventive step (IS) Claims NONIZ YES
Claims 1-60 NO

Industrial applicability (IA)  Claims 1-60 YIS
Claims ~ NONE NO

2. Citations and explanations :

Reference 1s made to the following documents:

D1: W0 2008-13706G6 A1 ( MOJO MOBILITY, INC. et al ) 13 NOVEMBER 2008.*
D27 1S 2008-0258679 Al ( Manico Joseph A. et al) 23 OCTOBER 2008. -

The present invention relates to systems and methods for inductive charging.

D1 discloses svslem and method [or inductive charging of portahble device.
D2 discloses a charging display system.

1. Novelty and Inventive Step
1.1 Independent Claim 1

D1, which is considered to be the closest prior art to the subject matter of claim 1, includes
additional functionality such as communication of data(Page 3). heat removal . reducing any potential
UMI issucs, and shielding the outside environment [rem any potential radiative fields(|00308]). Claim
1 differs from D1 in that includes activation of applications. However. it is well known in that
includes charging display system delermining whether activation of a particular wireless charging
clement in D2([0056}). Claim 1 would have been obvious over D1 oin view of D2. Therefore, claim 1
facks an inventive step under PCT Article 33(3).

1.2 Claim 2

The subject matter of claim 2 relates a method claim corresponding to a system for use with a
charging device for charging or powering ancther device of claim 1. Therefore, Claim 2 lacks an
inventive step under PCT Article 33(3). because the subject matter of claim 1 is considered to lack
an inventive step under PCT Article 33(3).

1.3 Independent Claim 15

DI. which is considered to be the closest prior art to the subject matter of claim 15, includes
wireless or wired charger, the basic concepts for the control, veriflication. and data transmission
implemented  in  a  similar manner([00208]) and determining the appropriate charging/powering
condition([00107]). Claim 15 differs from D1 in that includes determining the best method for
charging by wireless and/or wired power transfer. However, it would he obvious to a person skilled in
the art to apply the [eature of determining the appropriate charging/powering condition in
DICI00107]). Claim 15 would have been obvicus over D1. Therefore, claim 15 lacks an inventive step
under PCT Article 33(3).

1.4 Dependent Claims 3. 5, 6-14, 16-27, 29-34. 36-12, 14-60
The subject matter of claim 3 dependent on claim 1 is identical to base unit, charger or power
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supply. and & device or batteries in DI(Claims 1-2). Thercfore. claim 3 lacks an inventive step under
PCT Article 33(3).

The subject matter of claim 5 dependent on claim 3 is considered to be a minor difference over data
communication between a device and a charger or power supply in D1(Page 45). Therefore. claim 5 lacks
an inventive step under PCT Article 33(3).

The subject matter of claim 6 dependent on claim 3 is considered 1o be a minor difference over a
device including cellular telephones, PDAs, notebook. radios in DI([0003]). Therefore. claim 6 lacks
an invenlive step under PCT Article 33(3).

The subject matter of claim 7 dependent on claim 3 is identical to inductive power transfer in
DIC[001053])Y. Therefore. claim 7 lacks an inventive step under PCT Article 33(3).

The subject matter of claims 8-10 dependent on claim 3 is considered to be a minor differcnce over the
same coil or wires as antenna for datz transfer in DI([001301). Thereflore. claims 810 lack an
inventive step under PCT Article 33(3).

The subject matter of claim 11 dependent on claim 3 is considered to be a minor dilference over pre—
programmed manner in DIC1151]). Therefore, c¢laim 11 lacks an inventive step under PCT Article 33(3).

The subject matter of claims 12-13 dependent on claim 3 is considered to be a minor difference over
device identification and verification in DI([00182]). Thereforce, claims 12-13 lack an inventive step
under PCT Article 33(3).

The subject matter of claim 14 dependent on claim 1 is considered to be a minor diflference over
alignment magnets in DIC[00341) ). Therefore, claim 14 lacks an inventive step under PCT Article 33(2).

The subject matter of claims 16-23 dependent on claim 1 is considered to be a minor difference over a
base unit and/or receiver. inductive coil, magnel, metal laver. reducing eddv current. coil layver,
conductive layer in D1. Therefore, claims 16-23 lack an inventive step under PCT Article 33(3).

The subject matter of claims 24-27 dependent on claim 1 is considered to be a minor difference over a
base unit and/or recciver, inductive coil, several devices, rechargeable batteries, ferromagnetic
layers, heat reduction. magnet. metal laver, reducing eddy current in D1. Therefore, claims 24-27 lack
an inventive step under PCT Article 33(3).

The subject matter of claims 29-34 dependent on claim 1 is considered to be a minor difference over a
receiver coil, connector, battery pack, some contact points, bidirectional communicatlion. and
cylindrical battery in D1. Therefore, claims 29-31 lack an inventive step under PCT Article 33(3).

The subject matter of claims 3612 dependent on claim 1 is considered to be a minor difference over
charging for laptop computer and USB outlet of a taptop in D1, speaker and monitor in D2. mouse pad in
D1. Therefore. claims 36-42 lack an inventive step under PCT Article 33(3).

The subject matter of claim 44 dependent on claim 1 is considered to be a minor difference over

flatness in D1 (Fig. 35) and coil shape in D1. Therefore. claim 44 lacks an inventive step under PCT
Article 33(3).
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The subject matter of claims 15750 dependent on claim 1 is considered to be a minor diflference over
CD, D¥D player. receiver coil. magnet, shield layer., battery identification. protection against
reverse voltage. temperature sensor., and alignment magnets in D1. Therelore. claims 45-50 lack an
inventive step under PCT Article 33(3).

The subject matter of claims 51-04 depencdent on claim 1 is considered 1o be a minor diflerence over
metal laver, battery. case, skin., RFID. temperature sensor, and switching circuit in D1. Thereforc,
claims 51-54 lack an invenlive step under PCT Article 33(3).

The subject matter of claims 55-60 dependent on claim 32 is considered to be a minor difference over
battery, case, skin, coil layver. reducing any potential EMI issues, wireless charging, wired power
supply. RFID, termperature sensor, and alignment magnets in D1. Therefore, claims 53-60 lack an
inventive step under PCT Article 33(3).

1.5 Claim 4, 28, 35, 43

The subject matier of claims <1, 28, 35, 43 relates a method claim corresponding to a svstem for use
with a charging device for charging or powering another device of claims 3. 16, 30, 36. Therefore.
Claims 4, 28, 35, 43 lack an inventive step under PCT Article 33(3). hecause the subject matter of
claims 3. 16, 30, 36 is considered te lack an inventive step under PCT Article 33(3).

2. Industrial Applicability

Claims 1-60 are considered to be industrialbly applicable under PCT Article 33(4).
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REFENENEZMET S L S SHIET 2T » 70 (B Bo9DAF»7S11
1) L2FET3E5.

[0030]

FERIE O (TR O EIEEN . BESFEICL DENE MR 5 EHOBIMIEE (P2
B HZoENMEREEL 1) 2H2 3 ENEGEE (3. H1oEH#EREEL) »
SENOMHEE D ITHZERE (P2, R1OZEHEE2) TH-T., BEROEHHELE
G L BHEFEICLDENOMEE DT 9 << L 1 DOREFE (HIZIE. R4 D
ZEH21) L. ENERE»SERFEC L DENOMEKE S IOEE. ENEEERE
(2. EHOME E HIHS L H AR L ER TIAE T SR ETER (FI2IE. X4 omEE 1
07) L2HAH L E2HHETS,
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[0031]

FESRIE 1 OCEC#EDFE R i, EREFEICL D ENZHERET L EROE TSR (]
ZI. R2oB LML 1) 2ELLENMERE (W2, H1oEhMHaRE L)
PHENOMERE DT LEERE (FIZIL, H1OREREZ) OREHFETH-T. &
BOENEREGE LERFEC L DVENOMEE S ITAXERAT vy 7 (PIZIE. HM10D
AFw 7S 15 10H#) & B SEREERIC L DENOWEEE 5 ITEE .
LBhHERREIC. ENOMR 2HHT L HHERE EBRTAMETERERT v 7 (FIZL
H10DAFyT78155) EEELIEERHMETS,

[0032]
LITie. =RMOEMOBREEIZOWTHEEZ SR L THIIT 5 .,
[0033]

1% ARRAD—HFEDREI R L BAMEIG S 2T LDOBROWZ R #HEHTH 5

[0034]

COPATLE., BEAHREE 1 L REES 2 L TR SRS, EAMBRES 1 o&kmHE
(2id. ERESEASYIMEDL —FTBRENAKERm 1 ab&itonTws, ER
HREE 1L, ZOREM ] alz, ZEEE2HFHRY OGS, SEEE2ICESRT.
LB NEERT L, TG EOMKEE 11X, EHERHOIREL T, ZEE
E21CENFHEIHT S,

[0035]

FERE 2L, FIZE, /—PFEDS—Y L Ea—%  PDA. #HEEESE. L1 L
|ZPHS (Personal Handyphone System) Zc &oDi%gs. T/ol3FMEEREr MOINTZ &8
WHEZ /Ny T UTH S,

[0036]

B2, EHUFEEE 1 ORER 1 a HIZEEE 2508y v iREr Fhrmhs B

THEBBRITH S,
[0037]

BHHERGIRE 1 (2. SRFEICE D RTERE 2 ICEN 2692 nloE N HHEH 1
1-1FE1 1 —nAEtonTws, EHfE 11 -10EFE1 1 —nld, ZEMRLla
DOTFE (H20#mE EEZ THME) (2. 2. fdkicsRirsitnd,

[0038]

PIF, Ehie#E 11 -1 hE1 1 — n2lxcXAF 08 DW= & Bz, BN

HHEEE 1 1 EFFT 5.,
[0039]

RPEME 2L, FOTHEM (GRER 1 a 3L TWwamEHD) 2. 1{#EOZEL2 1
PRl oittva, 1EDZER2 11d. BBROENIEEH 1 1 SRETLIHRICESLE
BBglcLOEHOERESITS.

[0040]

b, H2irENs LIz, 1HEoZEH 21 (L H5EHICiEEis M40
BE7 7101 )ik, 2oXRES (@HE) F1oEHEEE 1 1oAs 3 (@) £
N, RELLDEH5BRINT WA, RZOFITIE. ZEEE 2D 1ENZER2 11
CEAEERMIEL1 21, EAESRE1 1 -28. EHEMEIL1 129, BIUENH
11 —3704HOENMAEE 1 1 2 E5TLARE B3 NTWES,

[0041]

3. EHHEHRESE L ofkoflE md ooy ZRTHL . EHHHEE LIS, nid
DENEE 1 1 (H3TIE 1 EOALRENTWAS) | g4 1, x€2V42, U7
NEA L7y 2743, BIUEEEBEE4 42 LDEBRENATWS,

[0042]

BAHERGEE 143, XA v F5 1, EAER7T> 752 BEIUEGHTEEES 3ick

DB IS,
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[0043]

24 wF5 1iE. HHE 4 1ol 727 256 I AHIHES K SWT . >
FIATENL ., AA v F 5 1A 085S, ENERET 75 202l B4
AP o RMEMPTALS, JOLE | BIERT 75 213, BRGNS Z L THER
RERETL, bbb, EAMET T 5 204 BRGNS I L TERERET LD
ANTHE,

[0044]

ERMHEED 3377 FizERSINTEY .. 24 v 55 184 THEEE. BNl
M7y T r5 20N AEROKRE I EME T4, 7z, Btz 5 313 L7=EGR
OREJTHIET HEFSLES 2. #llEF4 1oL 257 2025575,

[0045]

HIFERA 113, EWIEEHEEE7 1. v L2272, BEH7 3. BEAURER 7T

Al DERENS,
[0046]

EHHEERSHITEE 7 113, JLHOCPU (Central Processing Unit) SeMPU (Micro Process
ing Unit) Ze Xz X DR ENZ ., EHUSEHIEE 7 113, LEIZIEL T, 7592 A
TV ETHERINLGARTAZIZTF—FERELZD . X2V A2CHBLTHET—
FEiITOTA LLIZZ vy PNV ARRETLY TS LIy 74 35
a3tz ay 2200 2%kl FEEEHELHIHTS .

[0047]

L 757 20, BIEEHIEET7 1 oslEoREz 24 v 55 1ot Eicidt Tz
rd AHMES 2 E N 1 1IciRGd 5., /2. L 28 7 202k, EFiffiLEsE5
36 BAMEIK TS 75 21T WA EFRBEZ RTEMEHESHHRHBING .
7% 7 21%. FOBEFMBEESZENHFEHIHEET 7 L9 5.

[0048]

Ty Y L VRBRSH AEEE T 3. EANEEEIEET T 1 oflicEowWT, E

FEReIRE VWA Z Lk D | FEREZ L IHHOFEEETD .
[0049]

BER Y TAE, EHEEE1I1 - 1EL 1 —nofFhen, FEEERL a?
—E (P, BOEREL 1 - 1TEL 1 -3 25EESHTVLER . EHEaE 1
1-33NE11-64PRESNTWAEEy. EHHHEE11 -651E1 1 —nHE
B3INTWEERSD 3008 m) OREZFIEL | £OIESE 2 EERaHEIHE 7 11
g5, Jfuck D BEIUEEHEET 7 11k, EHUHEEE1 1 (28112 BEESRE
LY ERIEL . BRBEIELTETHOAL vF5 124 7CT5I LW TESL,

[0050]

EBHEMEFEA AL, B — TN EN L TEBEINLRMERE DL L. HEWINE

DR OITREREER L T, EhEE 1 1Icis3 5.
[0051]

EAUSEHEEE 7 1 i3, BEIEL T, FIA4 78 1 P8RS, BRT« X2 K
F 4 AT HERT 4 A7 BMWEEEEAT YR D) LA—INTNVATF + T8 2HHEHE
EEIN. FRLPLEARINC O Ea—d 7Ol sah, PEZIELTAEY 42
A2 =35,

[0052]

B4, ZEEE2OEROWNERT T2y 2RTHL, ZEEE2IL. ZEH21.

AEV121 U7 ZAL0y 27122, BXUSNyFIU1 232X 08Ek3N5.
[0053]

FEH21E. ZET>TH1I01 . EmgEl 02, REFMEF1 03, Hr104.

WTr105. 24 »F 106, BIUEES1 O 7,rLER3IN5,
[0054]
FETYT10 1. B L ENEGE 1 1 OEHERE T 715 2ICERSR
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NBEZ LICEORELLBRICE T, ZARERSTINSE, Thbb. ZET>F7+10
1. EHERE 7 75 28FE LBRIC L 2 ERHEIC L DERPHENE 24 LT
BHh,

[0055]

FET7TF101OKRESZEIEIME T T 5 20 REB3 LD REBRIATY
%,

[0056]

FETFF101IZHFENZEFIZERSRL 02163 a, BFHH1 0213, 28
FTrFr1 01 P6mN2MERAFERL . BMEMRLERT A, BHFE 1021 &£
B L7 EGE R SZERIEE 1 0 3IcEEER: L O3 2. /. BR#E10 214,
WMT104. 8T 105, BIFRAS v F106F4LT. Ny FIU 123 I2EREFHL
LT 1 235 KBINL,

[0057]

FZEFMEE 1 0 31k, AADPUSWPUZ: Sz DRSS, Tbb. flziE. B8
H21BLUNYyFU 12313, AR—F Ny F)OHRKICET LA 57 Pz by
FITHD,

[0058]

ZEAEEEL O 31k, Bl 0 20 5 BRSAHEK I NG 2 L CEENT 5 . ZEHIEE
1034k, ek, JBESH1 074240 . ENEHAEE 1 HROBELXTI. /. 2
EBHEZEL 031F. A4 v F106%F izl NoFU 123 chBEN SR,
[0059]

FZEAHEL 0 313, BEIZIEL T, 7 v a AR LY THRSRAXEY 121
CF—2%TELAD . AR 12 1ICHBLTHZEEEE 2 %3807 % FHEHRE I
LD FEATY 12 LICEMEES N T WA T T I AFESWT | FEEEIEL I
T4,

[0060]

F7e. DEHEZL O3, Ny T 1 230FEBHET LSS, Thbb, BTF1
04BLHT1 05252 EELY. Ny T 1 230FBENE T (- TELIEL:
e, A4 vF106%F712T3,

[0061]

PrT. Ny TV 23DFEFRET LGS, Bl 02, #1104, Nv7)
123, 8F105. BLIUF2RA v+1 06 ORBBTOFTREBERA TINS5,
[0062]

Eiz, Msn7a—Fr—FEBRL T, TFEE2HFHELNLEET 1 a EofiiE
L Thh . BEM L alcBiTAZEL 2 1 OAIEICHIET 2 ENMREE 1 1 BRI
HUZOWTEHAT 2, ZoM: ENMHEEE 1 OBESA SRS HEWIR
BEEE 2 CH§ A BN T L EFUBHRING,

[0063]
AT v 7S 4 LizBWwWT, BHMHHIHEE 7 113, Z2ENIZ1 235875,
[0064]

AT w78 A2ZBWT. L7 ¥ 7 21 BEHREIEE 7 1 ofliHoEkiz. NEFE
DEAAGRGE L 1 IR E2RESEL . Thbh, L2727 213 NEHDOER
1 1O v F5 LI LAY ORIBES e L. SO 7T > 75 2ICE5
ZHL . BOCERERESYS.

[0065]

ZZT. NEHOEAHEH 1 1 &3, B2 TrRENLENMEHEH 11 -1T=E1 1 -
nAOWFRP 1 DFERT S, Fl2. 1 (=N) FHOENERGA 1 113, SN
11—-1z8L., 2 (=N} FEHOSNHEREE1 1id, EHHEHEEEL 1 - 22850 .
n (=N) HFHOENMEGEH 1 112, ENEE 1 1 —nZ2EWRT L,

[0066]
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AF w7843 BT, EHARAEIEE7 11X, UTNAZ A4 L2y 2 4 3o s
STy 7V AZRFRT A Z LT, EOFHIEFET A .

[0067]

AFw 7S A4 BT, BRMLES 33, NEHOSHE#RE 1 1icsits . Eh
367 > 715 2ICHN T WA ERDEL R T 5.

[0068]

AF S A5EBWT, BHERERGIEE7 113, A7y 7rS440Miz kDS
P EROMES . BEMHall LTH20ErEET S, 32bb. ENMHEHIEEE7 1
I, BERHRHERS 30 638 S 2 BRMTESIORTEROES . METHallETH 2
PEHETS.

[0069]

ZZT. ATy 7S45BwWC, BENERT Y75 2I2HidL S BHROMES FIETHa
PLETH e 2 A% 3T .

(00701

Hoii. BEM1 alcE W2 0 1 P8 LN TWARKEZ RIETHL. Mo TRIN
AEITIE. BEW20 113, SHEEEE 1 icBWT . Sl 1 1 -2 1 . EkeE
11—28, BAHEEH 11 —-29. BIXUENMEEH 1 1 -3 7ioET A 0EICEY
S5TWg,

[0071]

EM2015SETHLBE. Fl2id. NEHODEILGER 1 1 B 1 1 — 2
1THharEE EWM20 112z, EHMHBEL 1 -2 18R ELTWABRICLE T, B
W20 LZIZRERFRET S, ZOFREM2 0 LIZSETH L7000t b7on, iz
L. COWERICE T, BEHEEEH 1 1 -2 10BN T 75 22l &%
LB GEER) BT LES. /2 BM20 1 LWERICE > THRMLTLE IR
BH5b,

[0072]

Pk kiiz, 25y 7SS4 508y, EHME7T715 212, FFEREL EOKS
TERPGNTLE D Z LRSI OMIETH L (55 427 v 7°S 4 O DNIEHEE
).

[0073]

AF w78 A5ZBWT., ATy 7S 4400 X DRSS EROMED . BHETH
all Tt WEHESREE. AF v 7S 4 6{cBWT., EHMHEHEIEE 7 112, @
Z87 3%l . BT AaR100DAF v 7°S15 1 OMHEICY D | ZERE 2/, 53%(E
SNTL 5, BEFEHRS LUENFHREZZELOEPEHET S,

[0074]

220, BEiEEEE. NEHOEHMHE 7> 705 21cRAE LBRIC L 2 EREEE
2k, ZRE7 710 12T EROERELZ RIHERTH L. T/, BFNFH
ik, ZEEE 2 EFE (BFE) 750D RTH S,

[0075]

ZF w8 A6 IBWT, BEEE 2L EREHRE LUEFIFEREZEL TWink
FPESN/IHE. ATy 7SS4 TIEBWT, ENEHHEET 1z, Y7L e 4870y
ZA3pLEMINL IOy PV AFRTAI LT, ATy 7SS4 3Dz L VG
HIZSBEG LR . FOREL TH L —ENRRM . Fl2IZ. 1R rErEH
ET A,

[0076]

AT v 7S 4 TIZB W, FIEDRRESESE L TuWienh 2 e SheE . Ui, 2
Fo7SA46IZRED . LR AEBR DRSNS,

[0077]

ATy S ATIZBWT, IEORREAREGE L7 L HESNGE . REEEL2HLE
TERPREINTVWEWT 2k b, $7bh . ENHHAEE 1 ICRERE 2PHE 5
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LTV WE EZZ DT, A7 v 7S 4 8lzhbWT, EHMEREMEEE 7 1413, %&Em 1
aONZFEEDEAMEIFE L 1 (SRIGT A LB, RERE2DFEH 2 1 VBN L &R
FTTITERET D, ThbE, P ENMRSHIEET 1iZXET 4202, NFEHD
BAMEEET L 1IoHGd &I, RERE2OXEH2 1 P ENW EE2RTT7I7EL
T, “017 2RESES,

[0078]

AT 7S 4 8DIBED M AL A7 v S b 205k,

[0079]

AF 7S A5ZEWT, BHROMES . BETHaLl LTH 5 L RS heGE. kL
ek Hiz. NEFEHOEDMGEE 1 1 ENERT > 775 ZISBEFSHFNTNWEDT,
AT w7784 9B, BAOMHIEE 7 113, REMm 1 aONEHOEEHGEEL 1
G AAIEIC. Y20 1L L 2R T7 I788RET S, $hbb . FIZE.
AEV 42, NEHOEH#MGHE 1 LIS ST s M@, EW20 1555 2L 207
7370 "107 PEEEN5,

[0080]
AT w78 A 9 DMBEDE | AL AT v 7S 5 21T,
[0081]

AF 7S A GIZEWT . FEEE 2P SERFERE LERIBREZE L HES
e . ATy 7S5 0zsWwWT, BAMRSHIEE 7 113, EFRERICE T BHES
RRIETHLLL L TH 5 0% HEST 5.

[0082]

AT w785 0IZBWT, BHRMRICHTLEHUEPRETILILETH 2 L e Sihv:
BE. REREZ2OFEH2 1 (XFE7 710 1) OHAICHLEAMET L 106
BHAEEENTCVEDT, AF v 7S5 1IZBW T EHHHGHIEET 7 114, $%Em 1
aDNHFEHOE M 1 1 ZHIGT A&z, ZEEE2DZEH 2 1P EL I L ER
T ERIFRERET S, Thbb,. XEV 422, NEEOEAHMAERL 1ot
IETHNMEIZ. ZEH2 LPESIEETRT 727 PIL. "1 17 FEEshie
bz, TOFEH 21 (ZEHE2) OFBIFRSILEINS.

[0083]

AT v 7°85 228w, EOAHEEE 7 1k, AT v 7S 4 200 I D RES
Wz, NEHOEAMHEE 1 1I2BT 5 MBTBROBERFLESEL, vhbb . BN
HEHAHIHER 7 Lidel 2y 7 220 LT, HHESZMHEL . A/ v F5 12437385

[0084]

27w 7"S 5 3 zBWT ., EHAGEHIMIER 7 11d. ZENIZEREIN TV ARIES 175
A 20X 54, Bl EHMHEEIEE 7 1. ZEENIE 17 BRESRTW
BEE. EHRNE 27 2BET S,

[0085]

2T w785 4B\, BAMEEIIIR 7 113, ZERNICERESATWAEIEL. £
TOENREE L 1OBLTTHEPREHET L. bhh . ENMGHEHIEEE7 112, 28
BNIZERESRTWAMEY ., @ TOENHREEL 1 0BT TH2H7E» (n=NTHE
PED) BHET L,

[0086]

ZFw?"S 5 AZBWT . ERNIZEEINTWAREL. £ TOENMEEE 1 10
DT Th2EHESHRAES . T79b5 . n=NTHLIEE, M. 25754212
RY . FEROMIEPROEIMEHET 1 11T L TETENS,

[0087]

2F 7S5 4B WT, ZEENIZEEINTWAEEZ, £ THEHHEE L 10k

DIF T2 e eSS mE. $74bb. n>NTHLGE. YRR T IS,
[0088]
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AT w785 0iZBWT, EFFRICS T A EFHESRETH L LTl WEFHES
folrs . RERE ZOFER 2 1 P BOENPEHEINTWE, T0bh | FIAE.
ZIGREND LD, ZFEH 2 LIcZ20—#OAN PP X I ICRE STV BN
#1138k aBRIcL>T. ZFEH2 1OFET 71 0 LIABOEFH it
TWHIZEPHESNSE, 2ITIOHE. AT v 74 8CBWT . FibL /23R4T
3hb,

[0089]

A7y 7S5 0DMBIZ L) | B B2 TRENDE L DT, ZERE 2057 EH 2
1id, ZEH21 (RET777101) OHEEAICEORFEPEZNLENMHEMETL 1
—21.EAMEE L1 -28. EAMMEL 1 29 BIUWEHMGEH L1 -37D
AIPHEBENOMREE SITSH. $00hh . FEHR21 (FET7101) OHEFAMIZZ
DR E IR LBEAIREH 1 L OAP LENDMNE 51756 2 2T, BB RORE
ZRHE . RERNCENEMRE T LI EFTES,

[0090]

Likoiuiz k0 iz, R2TRSINASZERE2(CHLT. EAEMGTLEN
A1 1 LT EEHF11—-21, 11—28, 11—-29. BXUr11—-37
PEIRENEZ LT 5,

[0091]

B 7%, EROREEES AW ERHCEE S -ENMHEEE 1 23T AETH S
o PIZE L BITISRERS L DT, 40 BEAMERE LT, RERE2 . REREZ 2
0. BIUEW2 3 1HFAKKCEHE SN TS 2T 5,

[0092]

ZIT. RBEEZ2Z20BIUFER 2 21040 UL. FERE2 B IUFELR2
1DENENEFROMETH S0 FOWMIAET S, /2. EM23 1. Flz
HWEEWRTH S,

[0093]

B7 oplogs. B5D70—Fy— hESBRL T LR L 2B NMGEE 1 1 ORI
HizBW ., ZEEEICENEFMEIT2ENMRN L 1 L0 B 1 -2
1,11-28, 11-29, BAU11-37H8ERsINS, /4, RERXE220(2
BAEMGITLIENMREA L 1 LTI ENHENSH11 40, 11-47, 114
8. BIU1L1-56ERIN. EETHLAEM23 1T LTI, B L 148
EIRE N W 2127 h,

[0094]

&z, W87 a—Fv— b EBHL T, FEEE L OFEIOMIRZOWTEHINT S .
ZOMHEL, R5HT7n—Fr—FEBRLT LR LENMIHEE 1 1 OSEROMMIZES
W, EIHEHGEE 1 1 IR S, AV 4 21CREBHEEDRERPEL I LETT T
ZILREI NG EICHBE NS .

[0095]

F7z. IOREFE L DFFLOMIT L P H2ioREN S Koz, EhthERE
LI 1 ADFZERE 2 DAPHE T WA S, EOMMREE Lo\l ZERE
2 L DITCEHS 53R PRTEN G,

[0096]

g7, Pl H7ERINs Lo, ENHGEE 1 (CRERE 2B I UEERE 2
ZO0EELRTWESEE ., BAMKEE L ITB WL, ZEREZ LT IZHAT 552
ARLEEAEATE L. £OME%, FEREE 2 2 0 L DIT I 3RS RITE NS L 9
ZLTH L ZERE 2 L OFELINE E ZEEE 2 2 0 & OFERPAEP FRHZET S
5L LTE Ky,

[0097]

BOHMEREEE 1 I280WT, BRORERE L OGP ATINSGE . KI5 DT

w785 LIIEWIREREDFINEHRE A€ 4 223 EBL T DITICHAS
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AEOc. ZEEEVENMHREE 1 CF—2 2R ET 4RI, TEEBEOFIFERLE
29a k5092 ZLC, ENMMBESE 1L, COREBEELBEZT>TWADPER
TR LPTED,

[0098]

ZFw S8 1IcBWT ., ENHSEHIHE 7 1id. WEE7 3. REEEICHL . %
BAEE % PEET A 72500 - LT aID (IDentification) #TERT AIESHA(ET S,
ZDIDDENRSL L LT OEEREEI LGRS 217462 L TIRESNS,

[0099]

ZEHEFEOIDIZIEHRE . ACHERTH->TL Il BEL2L0TH>TL I,
REREDIDLFINERE PR THLEE. A7 v 7°S8 1 J4ZES 8 AN NI I HHE S
LIEPTEL, WEPRLLRHE. AT v 7°S8 1 JHES 84 DIMHEFETENS,
[0100]

Z2F w788 2I2BWT., ENHERBHIEEET L. VTeA ATy 7 4 3050
BNEITYy NNV AFET A Z LT, BEOFHEIZ T 4.

[0101]

27w 7S 83 B\, EHMMEHIMEET 113, BIEE7 34, k3 A1 0mR
FTv 7S 1 53NDMMIZED | EBEES TIRESINZERE,FLRAEENTL S, BE
HEEDIDE LUEIEFREZEL 2P ET 5.

[0102]

ZF v 7S 83 IzB W, FEEENIDE LUEHINEREZEL TWhWnwEHESR:
V&, A7 v 7S84 2BV EHMMHEET7 11X, A7 » 7S 8 20z L Dt
HIZFLE L/CRTEORE (Fl21E. 18 Esalehrdflhed s,

[0103]

AT v 7S 84IBWT ., FIEDKESESEL TWirnh 2 e ShesE . MURiE 2T
TS 83ITED . LR LA NBEAHE DRI NG,

[0104]

AT w7883 zBWT., ZEREENIDE LUERIIEREZE L 22 L HE SeBE .
2T 7S 85 IZBWT ., EBHEMEHIMER 7 113, ZEL/LRERENIDN . BHEHEE
E1EFIGLTWAIDTHLEHEST S, 370bb, EHHEHEE7 112, X'V 4
ZICEESATWAIDESREL  STEBDOIDPTOEHEINTVAEE (R EFTEYS
HFESNBEE) OLOTHLPEPEHETS,

[0105]

AT v 7S 85 2BWT. ZELLZERENIDSY . ENHEEE 1 EHIEL TWAID
ThHLHLHEINEE. AF vy S8 6I2BWT  EHSHIEE7 113, ZTEEEIC
. REEREOENERETERTLESEREET L. ZOEEIZLETORERIFTIES
THEShAE, 22T, ENFEREE. RERBEICEN 2 IHET 20ICLE 2R, 3%
bt BEH2 1 BWTHEINLZEENOKE SPOTEH2 1IN bEmMOE. THIE.
ZEH 2 1IZBWTUHRT1 04 BT 1 05 cBIT2ELEERKT 2.,

[0106]

2F 7SR TIZBEWT., EHHEHEFHIEET7 1id. Y724 L7074 30580
BNb IOy 2NNV AFET A Z T, BEOFHEIZ T 4.

[0107]

ATy 7S 8 8ITHBWT . EHMEEIEEE7 1id. XF v 7S 87O |z L HEIES
BAEE L 7-FiEORRE (Fl20E. 18) SaliohriieEds,

[0108]

AT w8 88ITBWT ., IENKRKEAZ /AL TWiWE HEESREmE. ATy
TS 8 ZBWT . ENEEGHIEEE 7 1k, WBEHT7 34, BT AH1I 00T v 7S
1550z D ZFEREE,LIFAEINTL S . ENEHRES LUHEIEHEZEL L
PEHETS,

[0109]
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AF v 7S8 9BV, FEEED,LENFRS LUERIBREZEL T f

FESNGE . B, 27 vy 7S 88ICEYD . kL A MHES#HOEBEN 5,
[0110]

AT 7S 8BV, FEERED LENFERS LUENIEREZEL/CEFESR
felrE . AT v 7SO 0IZBEWT . ENMREHIHE 7 14, ZELLENFHIITSRINT
WHENIL. HHETEETH B PERET S, T0bh . ENMHEHIEE 7 112, X€ U4
ICEERINTVAFHRERC. TORERENSEINCENZMETL oW HBE
FFESINTW S EPETIET S,

[0111]

2F 7S 90 EZBWT, FELLENERICE T HENS . ZEFRECHRETIETH
LEPEENGE . ATy 7S 9 LicBWT ., EHEHGHIEE 7 112, RERENESN
HEEERE L ITIC L TWARBTHL L 2RI 7 I7283ET S, $0hbh . EBhMH
HIEEE 7 1id. A€V 4 22, Z0BIESOZEEEFENMIEEEE 1 ISHGEL TWwa
BEBETHLEILETT I HIZIE. “0017 #5083 ¥5.

[0112]

AF w7 S8 ATBWT . FREDKE P L7z L HE Shvsns (RERESENH
FEIEE 1 OFEM 1ak ST B/ Z e PHERISNASE) . AT vy 77S85 2B
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SYSTEM FOR WIRELESS POWER TRANSFER THAT SUPPORTS INTEROPERABILITY,
AND MULTI-POLE MAGNETS FOR USE THEREWITH

Copyright Notice
A portion of the disclosure of this patent document contains material
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 all copyright rights
whatsoever.

Claim of Priority:

[0001] This application claims the benefit of priority to U.S. Provisional Patent Applications
“‘IMPROVED MAGNETS FOR USE IN PROXIMITY TO MAGNETICALLY SENSITIVE PARTS
OR DEVICES”, Application No. 61/354,114, filed June 11, 2010; “SYSTEM AND METHOD FOR
PROVIDING A UNIVERSAL-COMPATIBLE WIRELESS POWER SYSTEM”, Application No.
61/387,895, filed September 29, 2010; and “SYSTEM AND METHOD FOR PROVIDING A
UNIVERSAL-COMPATIBLE WIRELESS POWER SYSTEM”, Application No. 61/478,015, filed
April 21, 2011, each of which applications are hereby incorporated by reference herein.

Field of Invention:

[0002] The invention is generally related to inductive charging, including applications for
use in mobile or other devices and vehicles, and improved compatibility and transfer of wireless
power; and is also related to the use of magnets in electronic devices, and in particular to
devices or parts having proximity to magnetic sensors.

Cross-Reference to Related Applications:

[0003] This application is related to U.S. Patent Applications “INDUCTIVE POWER
SOURCE AND CHARGING SYSTEM”, Application No. 11/669,113, filed January 30, 2007
(subsequently published as U.S. Publication No. 20070182367, and issued as U.S. Patent No.
7,952,322); “POWER SOURCE, CHARGING SYSTEM, AND INDUCTIVE RECEIVER FOR
MOBILE DEVICES”, Application No. 11/757,067, filed June 1, 2007 (subsequently published as
U.S. Publication No. 20070279002, and issued as U.S. Patent No. 7,948,208); “SYSTEM AND
METHOD FOR INDUCTIVE CHARGING OF PORTABLE DEVICES”, Application No.
12/116,876, filed May 7, 2008 (subsequently published as U.S. Publication No. 20090096413);
and “SYSTEM AND METHODS FOR INDUCTIVE CHARGING, AND IMPROVEMENTS AND
USES THEREOF”; Application No. 12/769,5886, filed April 28, 2010 (subsequently published as
U.S. Publication No. 20110050164), each of which applications are hereby incorporated by
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reference herein.

Background:
[0004] Wireless technologies for powering and charging mobile and other electronic

devices and vehicles have been developed. These systems generally use a wireless charger or
transmitter system and a wireless receiver in combination to provide a means for transfer of
power across a distance. For safe and efficient operation the two parts of the system often
communicate with each other to verify the presence of receivers and/or initiate charging and
continued power transfer. To enable interoperability between chargers and receivers, it is
important that the two parts of the system (the charger and the receiver) can communicate in a
manner that allows such operation.

[0005] Additionally, many mobile, industrial, automotive, medical devices, etc. contain
compasses or other components that are sensitive to magnetic field. Atthe same time, itis often
desired to use magnets for fastening or attachment, or alignment purposes near such devices
without affecting the operation of such sensitive material. One application may be fastening of a

mobile device or phone to a surface in a car or other vehicle to avoid movement during transport.

[0006] These are the general areas that embodiments of the invention are intended to
address.

Summary:

[0007] As described above, to enable interoperability between chargers and receivers, itis

important that the two parts of the system (the charger and receiver) can communicate in a
manner that allows operation. With the proliferation of different communication schemes, a
multi-protocol system that can adapt and interoperate with different communication protocols
allows maximum interoperability. Described herein are systems and methods for providing such
multi-protocol operation and maximum interoperability. Also described herein are methods for
use of magnets in or around magnetically sensitive devices such that the operation of such a
device is notimpaired. Applications in various devices and systems are described. In particular,
applications for fastening mobile devices to their cases or other surfaces, and also alignment or
attachment for power transfer or charging are described. Also described herein are systems and
methods for the use of multi-pole and other magnets, in electronic and other articles, devices,

components, or parts thereof.

Brief Description of the Figures:
[0008] Figure 1 illustrates an example of a wireless charger or power system that
comprises a charger or transmitter part, and a receiver part, in accordance with an embodiment.

[0009] Figure 2 shows a more detailed view of the wireless charger system with a resonant

2
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converter geometry, in accordance with an embodiment.

[0010] Figure 3 illustrates a system wherein a dedicated RF channel for uni-directional or
bi-directional communication between the charger and receiver is implemented for validation
and/or regulation purposes, in accordance with an embodiment.

[0011] Figure 4 illustrates the use a center-tapped receiver wherein during each cycle
current passes only through one part of the coil and one diode in the receiver and therefore
halves the rectification losses, in accordance with an embodiment.

[0012] Figure 5 illustrates that the charger and receiver coils can be represented by their
respective inductances by themselves and the mutual inductance between, in accordance with
an embodiment.

[0013] Figure 6 shows a wirelessly powered battery pack and receiver, in accordance with
an embodiment.

[0014] Figure 7 illustrates the use of a battery cell connected through a protection circuit
comprising a battery protection IC that protects a battery from over-current and under or over
voltage, in accordance with an embodiment.

[0015] Figure 8 illustrates a typical charge cycle for a Lithium lon battery, in accordance
with an embodiment.

[0016] Figure 9 illustrates how the charger periodically activates the charger coil driver and
powers the charger coil with a drive signal of appropriate frequency, in accordance with an
embodiment.

[0017] Figure 10 illustrates an example of the communication process and regulation of
power and/or other functions, in accordance with an embodiment.

[0018] Figure 11 shows a Notebook-style portfolio case and a mobile phone or camera
pouch, where magnets are used to secure a closing clasp or flap, in accordance with an
embodiment.

[0019] Figure 12 illustrates several commercially available mounts for devices, in
accordance with an embodiment.

[0020] Figure 13 shows an example of a power plug for an electronic device, in accordance
with an embodiment.

[0021] Figure 14 shows an inductive wireless charger and/or power supply with multiple
charging stations, in accordance with an embodiment.

[0022] Figure 15 illustrates several different placements and shapes for magnets, in
accordance with an embodiment.

[0023] Figure 16 shows a measured z-component along the axial direction of
magnetization of a magnet, in accordance with an embodiment.

[0024] Figure 17 illustrates the performance of a 50 x 50 x 1 mm? magnet with one of 10 x
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10 x 1 mm?® dimension magnetized axially perpendicular to the square surface of the part, in
accordance with an embodiment.

[0025] Figure 18 illustrates how the same shape part can be periodically poled in a multi-
pole pattern, in accordance with an embodiment.

[0026] Figure 19 shows the drop off of maximum flux density value fora 10 x 10 x 1 mm?®
magnet magnetized periodically with a periodicity of 1 and 2 mm, in accordance with an
embodiment.

[0027] Figure 20 shows several magnet types that are magnetized perpendicular to the
magnet surface (axially), in accordance with various embodiments.

[0028] Figure 21 shows an example of various ring or arc multi-pole magnets, as may be
used to with a coil to provide alignment, in accordance with an embodiment.

[0029] Figure 22 illustrates a ring magnet that includes a discontinuity, in accordance with
an embodiment.

[0030] Figure 23 illustrates a multi-pole ring magnet with radially magnetized sections, in

accordance with an embodiment.

Detailed Description:

[0031] With the proliferation of electrical and electronic devices and vehicles (which are
considered devices herein), simple and universal methods of providing power and or charging of
these devices is becoming increasingly important. To enable a user to easily charge or power
these devices, a simple non-contact method such as wireless power transfer is increasingly
important.

[0032] Many of these devices contain internal batteries, and the device may or may not be
operating during receipt of power. Depending on the degree of charge status of the battery or
its presence and the system design, the applied power may provide power to the device, charge
its battery or a combination of the above. The terms charging and/or power are used
interchangeably herein to indicate that the received power can be used for either of these cases
or a combination thereof. Unless specifically described, these terms are therefore used
interchangeably.

[0033] As shown in Figure 1, a wireless charger or power system comprises a charger or
transmitter part, and a receiver part. The charger or transmitter can generate a repetitive power
signal pattern (such as a sinusoid or square wave from 10’s of Hz to several MHz or even higher
but typically in the 100 kHz to several MHz range) with its coil drive circuit and a coil or antenna
for transmission of the power. The charger or transmitter typically also includes a
communication and regulation / control system that detects a receiver and/or turns the applied
power on or off and/or modify the amount of applied power by mechanisms such as changing

the amplitude, frequency or duty cycle, etc. or a combination thereof of the applied power signal

4
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to the coil or antenna.

[0034] The second part of the system is a receiver that includes a coil or antenna to receive
power, a method for change of the received AC voltage to DC voltage such as rectification and
smoothing with one or more rectifiers or a bridge or synchronous rectifier, etc. and one or more
capagcitors and optionally, a method for the receiver to communicate with the charger.

[0035] In accordance with an embodiment, the method of communication between the
charger and receiver can be through the same coils as for transfer of power, through a separate
coil, through an RF or optical link or combination thereof. In case of communication through the
power transfer coil, one method for the communication is to modulate the load in the receiver to
affect the voltage in the receiver coil and therefore create a modulation in the charger coil
parameters that can be detected through monitoring of its voltage or current. Other methods can
include frequency modulation by combining the received frequency with a local oscillator signal
or inductive, capacitive, or resistive modulation of the output of the receiver coil.

[0036] In accordance with an embodiment, the communicated information can be the output
voltage, current, device or battery status, validation ID for receiver, end of charge or various
charge status information, receiver battery, device, or coil temperature, or user data.

[0037] In accordance with an embodiment, the data communicated can be any of the
information detailed herein, or the difference between these values and the desired value or
simple commands to increase or decrease power or simply one or more signals that would
confirm presence of a receiver or a combination of the above. In addition, the receiver can
include other elements such as a dc to d¢ converter or regulator such as a switching, buck,
boost, buck / boost, or linear regulator. The receiver may also include a switch between the DC
output of the receiver coil and its output to a device or battery or a device case or skin and in
cases where the receiver is used to charge a battery, the receiver may also include a battery
charger IC or circuitry and/or battery protection circuit and associated transistors, etc. The
receiver and/or charger and/or their coils can also include elements such as thermistors,
magnetic shields or magnetic cores, magnetic sensors, and input voltage filters, etc. for safety
and/or emission compliance reasons. In addition, the charger and or receiver can include
means to provide more precise alignment between the charger and receiver coils or antennas.
These may include visual, physical, or magnetic means to assist the user in alignment of parts.
To implement more positioning freedom of the receiver on the charger, the size of the coils can
also be mismatched. For example, the charger can comprise a larger coil size and the receiver
a smaller one or vice versa, so that the coils do not have to be precisely aligned for power
transfer.

[0038] In accordance with an embodiment, the power section (coil drive circuit and receiver
power section) can be a resonant, zero switching, flyback, or any other appropriate topology.

Figure 2 shows a more detailed view of the wireless charger system with a resonant converter

5
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geometry where a pair of transistors Q1 and Q2 (such as FETs) are driven by a half-bridge
driver IC and the voltage is applied to the coil L1 through one or more capacitors shown as C1.
The receiver includes a coil and an optional capacitor (for added efficiency) shown as C2 that
may be in series or in parallel with the receiver coil L2. The charger and/or receiver coils may
also include magnetic material layers behind them to increase their inductance or to shield the
magnetic field leakage to surrounding area.

[0039] In accordance with an embodiment, the charger also includes a circuit that
measures the current through and/or voltage across the charger coil (in this case a current
sensor is shown in the figure as an example). Various demodulation methods for detection of
the communication signal on the charger current or voltage are available. This demodulation
mechanism can be an AM or FM receiver (depending on whether amplitude or frequency
modulation is employed in the receiver modulator) similar to a radio receiver tuned to the
frequency of the communication or a heterodyne detector, etc.

[0040] In accordance with an embodiment, the microcontroller unit (MCU) in the charger
(MCU2) is responsible for understanding the communication signal from the detection /
demodulation circuit and, depending on the algorithm used, making appropriate adjustments to
the charger coil drive circuitry to achieve the desired output voltage, current or power from the
receiver output. In addition, MCU1 is responsible for processes such as periodic start of the
charger to seek a receiver at the start of charge, keeping the charger on when a receiver is
found and accepted as a valid receiver, continuing to apply power and making necessary
adjustments, and/or monitoring temperature or other environmental factors, providing audio or
visual indications to the user on the status of charging or power process, etc. or terminating
charging or application of power due to end of charge or customer preference or over
temperature, over current, over voltage, or some other fault condition or to launch or start
another program or process. For example, the charger can be built into a car and once a valid
receiver integrated into or on a mobile device, its case or skin, or battery is found, the charger
may activate some other functions such as Bluetooth connectivity to the device, displaying the
device identity on a display, etc. Other similar actions can be done in other environments. It
may be useful in addition to the communication signal to detect the dc value of the current
through the charger coil. For example, faults may be caused by insertion or presence of foreign
objects such as metallic materials between the charger and receiver. These materials may be
heated by the application of the power and can be detected through detection of the charger
current or temperature or comparison of input voltage, current, or power to the charger and
output voltage, current, or power from the receiver and concluding that the ratio is out of normal
range and extra power loss due to unknown reasons is occurring. In these conditions or other
situations such as abnormal charger and/or receiver heating, the charger may be programmed to
declare a fault condition and shut down and/or alert the user or take other actions.
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[0041] Once the charger MCU has received a signal and decoded this signal, it can take
action to provide more or less power to the charger coil. This can be accomplished through
known methods of adjusting the frequency, duty cycle or input voltage to the charger coil or a
combination of these approaches. Depending on the system and the circuit used, the MCU can
directly adjust the bridge driver or an additional circuit such as a frequency oscillator may be
necessary to drive the bridge driver or the FETs.

[0042] A typical circuit for the receiver in accordance with an embodiment, is also shown in
Figure 2. In accordance with an embodiment, the receiver circuit can include a capacitor C2 in
parallel or series with the receiver coil to produce a tuned receiver circuit. This circuit is known
to increase the efficiency of a wireless power system. The rectified and smoothed (through a
bridge rectifier and capacitors) output of the receiver coil and optional capacitor is either directly
or through a switch or regulator applied to the output. A microcontroller is used to measure
various values such as output voltage, current, temperature, state of charge, battery full status,
end of charge, etc. and to report back to the charger to provide a closed loop system with the
charger as described above. In the circuit shown in Figure 2, the receiver MCU communicates
back to the charger by modulating the receiver load by rapidly closing and opening a switch in
series with a modulation load at a pre-determined speed and coding pattern. This rapid load
modulation technique at a frequency distinct from the power transfer frequency can be easily
detected by the charger. A capacitor and/or inductor can also be placed in parallel or in series
with this load.

[0043] For example, one may assumes that the maximum current output of the receiver is
1000 mA and the output voltage is 5 V for a maximum output of 5W. In this case, the minimum
load resistance is 5 chms. A modulation load resistor of several ohms (20, or 10 ohms or
smaller) would be able to provide a large modulation depth signal on the receiver coil voltage.
Choosing a 5 ohm resistor would modulate the output between a maximum current of 1 Amp or
larger and a smaller value defined by the device load at the output. Such a large modulation can
be easily detected at the charger coil current or voltage as described above.

[0044] The receiver in Figure 2 also shows an optional dc regulator that is used to provide
constant stable voltage to the receiver MCU. This voltage supply may be necessary to avoid
drop out of the receiver MCU during startup conditions where the power is varying largely or
during changes in output current and also to enable the MCU to have a stable voltage reference
source so it can measure the output voltage accurately.

[0045] In the above description, a uni-directional communication (from the receiver to the
charger) is described. However, this communication can also be bi-directional and data can be
transferred from the charger to the receiver through modulation of the voltage or current in the
charger coil and read back by the microcontroller in the receiver detecting a change in the

voltage or current, etc.
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[0046] In accordance with an embodiment, in other geometries where position
independence on placement of the receiver on the charger surface is achieved by having
multiple charger coils in an array or pattern, similar drive and communication circuits in the
charger and receiver can be implemented. However, to detect the appropriate coil to activate in
the charger, the coils can be activated in a raster or zigzag fashion or other geometry and
current drawn from a charger coil, strength of voltage, current, power or signal from the receiver
or other methods can be used to determine the closest match between position of one or more
of the charger coils and a receiver coil and the appropriate charger coil or coils can be activated
and modulated to provide optimum power transfer to the receiver.

[0047] While a system for communication between the charger and receiver through the
power transfer coil or antenna is described above, the communication can also be implemented
through a separate coil, a radio frequency link (am or fm or other communication method), an
optical communication system or a combination of the above. The communication in any of
these methods can also be bi-directional rather than uni-directional as described above. As an
example, Figure 3 shows a system in accordance with an embodiment, wherein a dedicated RF
channel for uni-directional or bi-directional communication between the charger and receiver is
implemented for validation and/or regulation purposes. This system is similar to the system
shown in Figure 2, except rather than load modulation being the method of communication, the
MCU in the receiver transmits the necessary information over an RF communication path. A
similar system with LED or laser transceivers or detectors and light sources can be
implemented. Advantages of such system may be that the power received is not modulated and
therefore not wasted during communication and/or that no noise due to the modulation is added
to the system.

[0048] One of the disadvantages of the circuit shown in Figure 2 is that in the receiver
circuit shown therein, the current path passes through 2 diodes and suffers 2 voltage drops
resulting in large power dissipation and loss. For example, for Schottky diodes with forward
voltage drop of 0.4 V, at a current output of 1 A, each diode would lose 0.4 W of power for a
combined power loss of 0.8 W for the two in a bridge rectifier configuration. Fora 5V, 1 A
output power (5W), this 0.8 W of power loss presents a significant amount of loss (16%) just due
to the rectification system. In accordance with an embodiment, an alternative is to use a center-
tapped receiver as shown in Figure 4 wherein during each cycle current passes only through
one part of the coil and one diode in the receiver and therefore halves the rectification losses.
Such a center tapped coil can be implemented in a wound wire geometry with 2 sections of a
wound wire or a printed circuit board coil or with a double or multi-sided sided PCB coil or a
combination or even a stamped, etched or otherwise manufactured coil or winding.

[0049] In any of the systems described above, as shown in Figure 5, the charger and

receiver coils can be represented by their respective inductances by themselves (L1 and L2) and
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the mutual inductance between them M which is dependent on the material between the 2 coils
and their position with respect to each other in x, y, and z dimensions. The coupling coefficient

between the coils k is given by:
k=M/(L1*L2)"™

[0050] The coupling coefficient is a measure of how closely the 2 coils are coupled and may
range from O (no coupling) to 1 (very tight coupling). In coils with small overlap, large gap
between coils or dissimilar coils (in size, number of turns, coil winding or pattern overlap, etc.),
this value can be smaller than 1.

[0051] Figure 6 shows a wirelessly powered battery pack and receiver in accordance with
an embodiment. The components of a typical common battery pack (battery cell and protection
circuit, etc.) used in a battery device used in applications such as mobile phone, etc. are shown
inside the dashed lines. The components outside the dashed lines are additional components
necessary to enable safe wireless and wired charging of a battery pack. A battery pack may
have four or more external connector points that interface with a mobile device pins in a battery
housing or with an external typical wired charger. In accordance with an embodiment, the
battery cell is connected as shown in Figure 7 to two of these connectors (shown in the figure as
Batt+ and Batt-) through a protection circuit comprising a battery protection IC that protects a
battery from over-current and under or over voltage. A typical IC may be Seiko 8241 IC that
uses 2 external FETs as shown in Figure 7 to prevent current going from or to the battery cell
(on the left) from the external battery pack connectors if a fault condition based on over current,
or battery cell over or under voltage is detected. This provides safety during charging or
discharging of the battery. In addition, a battery pack may include a PTC conductive polymer
passive fuse. These devices can sense and shut off current by heating a layer inside the PTC if
the amount of current passing exceeds a threshold. The PTC device is reset once this current
falls and the device cools.

[0052] In addition, in accordance with an embodiment, the battery pack can contain a
thermistor that the mobile device checks through one other connector on the battery pack to
monitor the health of the pack, and in some embodiments an ID chip or microcontroller that the
mobile device interrogates through another connector to confirm an original battery manufacturer
or other information about the battery. Other connectors and functions can be included in a
battery pack to provide accurate battery status and/or charging information to a device being
powered by a battery pack or a charger charging the battery pack.

[0053] In addition to the components described above, In accordance with an embodiment,
the receiver circuit comprises a receiver coil that could be a wound wire or PCB coil as described

above, optional electromagnetic shielding between the coil and the metal body of the battery,
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optional alignment assisting parts such as magnets, etc., a receiver communication circuit (such
as the resistorand FET for load modulation shown in Figures 2 and 4), a wireless power receiver
(such as rectifiers and capacitors as discussed above), and an optional Battery charger IC that
has a pre-programmed battery charging algorithm. Each type of battery and chemistry requires
a pre-determined optimized profile for charging of a battery. A typical charge cycle for a Lithium
lon (Li-lon) is shown in Figure 8. Such a battery may be charged up to a value of 4.2 V at full
capacity. The battery should be charged according to the guidelines of the manufacturer. For a
battery of capacity C, the cell can typically be charged at the rate 1C. In Stage 1, the maximum
available current is applied and the cell voltage increases until the cell voltage reaches the final
value (4.2 V). In that case, the charger IC switches to Stage 2 where the charger IC switches to
Constant Voltage charging where the cell voltage does not change but current is drawn from the
source to further fill up the battery. This second Stage may take 1 or more hours and is
necessary to fully charge the battery. Eventually, the battery will draw little (below a threshold)
or no current. At this stage, the battery is full and the charger may discontinue charging. The
charger IC can periodically seek the condition of the battery and top it off further if the battery
has drained due to stand-by, etc.

[0054] Such multiple stages of battery charging may be implemented in firmware with the
wireless power charger and receiver microcontrollers monitoring the battery cell voltage, current,
etc. and working in tandem and to provide appropriate voltage, current, etc. for safe charging for
any type of battery. In another approach as shown in Figure 6, a battery charger IC chip that
has specialized battery charging circuitry and algorithm for a particular type of battery can be
employed. These charger ICs (with or without fuel gauge capability to accurately measure
battery status, etc.) are available for different battery chemistries and are included in most
mobile devices with mobile batteries such as mobile phones. They can include such safety
features as a temperature sensor, open circuit shut off, etc. and can provide other circuits or
microcontrollers such useful information as end of charge signal, signaling for being in constant
current or voltage (stage 1 or 2 above, etc.). In addition, some of these ICs allow the user to
program and set the maximum output current to the battery cell with an external resistor across 2
pins of the IC.

[0055] In accordance with an embodiment, the wirelessly charged battery pack in addition
includes a micro-controller that coordinates and monitors various points and may also include
thermal sensors on the wireless power coil, battery cell and/or other points in the battery pack.
The microcontroller also may communicate to the charger and can also monitor communication
from the charger (in case of bi-directional communication). Typical communication through load
modulation is described above.

[0056] Another aspect of a wirelessly charged battery pack is the optional external / internal

switch. A battery pack may receive power and be charged wirelessly or through the connectors
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of a battery pack. For example when such a battery pack is used in a mobile phone, the user
may wish to place the phone on a wireless charger or plug the device in to a wired charger for
charging or charge the device as well as synchronize or upload and/or download information. In
the second case, it may be important for the battery pack to recognize current incoming to the
battery pack and to take some sort of action. This action may include notifying the user, shutting
off the wired charger by a switch or simply shutting down the charger IC and sending a signal
back through the microcontroller and modulating the current back to the charger that a wired
charger is present (in case priority is to be given to the wired charger) or conversely to provide
priority to the wireless charger and shut off wired charger access to battery when the wireless
charger is charging the battery. At either case, a protocol for dealing with presence of two
chargers simultaneously should be pre-established and implemented in hardware and firmware.
[0057] As shown in Figure 6, the wireless charging of battery occurs with current flowing
into the battery through the battery contacts from the mobile device. Typically, such current is
provided by an external DC supply to the mobile device (such as an AC/DC adaptor for a mobile
phone) and the actual charging is handled by a charger |C chip or power management IC inside
the mobile device that in addition to charging the battery, measures the battery’s state of charge,
health, verifies battery authenticity, and displays charge status through LEDs, display, etc. to a
user. It may be therefore be advantageous to include a current sense circuit at one of the
battery pack contacts to measure and sense the direction of current flow into or out of the
battery. In case the current is flowing in (i.e. battery being externally charged through wired
charging through a mobile device), the micro-controller may take the actions described above
and shut off wireless charging or conversely, provide priority to wireless charging and if it is
present, not allow wired charging to occur as preferred by design.

[0058] In accordance with an embodiment, the firmware in the receiver micro-controller is a
key element in the operation of this battery pack. The micro-controller can measure voltages
and currents, flags, and temperatures at appropriate locations for proper operation. In
accordance with one embodiment, by way of example, the micro-controller can measure the
value of Vout from the rectifier circuit and attempt to keep this constant throughout the charging
cycle thereby providing a stable regulated DC supply to the charger IC chip. The microcontroller
can send back the value of this voltage or error from a desired voltage (for example 5V) or
simply a code for more or less power back to the charger in a binary or multi-level coding
scheme through a load modulation or other scheme (for example RF communication as
described earlier) back to the charger. The charger can then take action through adjustment of
input voltage to the charger coil, adjustment of the frequency or duty cycle of the ac voltage
applied to the charger coil to bring the Vout to within required voltage range. The micro-
controller throughout the charging process, in addition, monitors the end of charge and/or other
signals from charger and/or protection circuit and the current sense circuit (used to sense battery
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pack current direction and value) to take appropriate action. Li-ion batteries for example need to
be charged below a certain temperature for safety reasons. It is therefore essential to monitor
the cell, wireless power receiver coil or other temperature and take appropriate action such as
terminate charging or lower charging current, etc. if a certain maximum temperature is
exceeded.

[0059] Itis important to realize that during charging, as shown in Figure 8, the battery cell
voltage increases from 3 V or lower, to 4.2 V, as itis charged. The V,, of the wireless power
receiver is input to a charger IC and if this V,; is kept constant (for example 5V), a large voltage
drop (up to 2 V or more) can occur across this chip especially during Stage 1 where maximum
current is applied. With charging currents of up to 1 A, this may translate to up to 2 Watts of
wasted power / heat across this IC that may contribute to battery heating. It may be therefore
preferable to implement a strategy whereby the V; into the charger IC tracks the battery voltage
thereby creating a smaller voltage drop and therefore loss across the charger IC. This can
provide a significant improvement in performance since thermal performance of the battery pack
is very important.

[0060] The communication between the receiver and charger needs to follow a pre-
determined protocol, baud rate, modulation depth, etc. and a pre-determined method for hand-
shake, establishment of communication, and signaling, etc. as well as optionally methods for
providing closed loop control and regulation of power, voltage, etc. in the receiver.

[0061] In accordance with an embodiment, a typical wireless power system operation can
be as follows: As shown in Figure 9, the charger periodically activates the charger coil driver
and powers the charger coil with a drive signal of appropriate frequency. During this ‘ping’
process, if a receiver coil is placed on top or close to the charger coil, power is received through
the receiver coil and the receiver circuit is energized. The receiver microcontroller is activated
by the received power and begins to perform an initiation process whereby the receiver ID, its
presence, power or voltage requirements, receiver or battery temperature or state of charge
and/or other information is sent back to the charger. If this information is verified and found to be
valid, then the charger proceeds to provide continuous power to the receiver. The receiver may
alternately send an end of charge, over-temperature, battery full, or other messages that will be
handled appropriately by the charger and actions performed. The length of the ping process
should be planned to be of sufficient length for the receiver to power up its microcontroller and to
respond back and for the response to be received and understood. The length of time between
the pings is determined by the designer. If ping process is performed often, the stand-by power
use of the charger is higher. Alternately, if the ping is done infrequently, the system will have a
delay before the charger discovers a receiver nearby.

[0062] Alternately, the ping operation can be initiated upon discovery of a nearby receiver

by other means. This provides a very low stand-by power use by the charger and may be
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performed by including a magnet in the receiver and a magnet sensor in the charger or through
optical, capacitive, weight or other methods for detection. Alternatively, the system can be
designed to be always ON (i.e. the charger coil is powered at an appropriate drive frequency)
and presence of the receiver coil brings the coil to resonance with the receiver coil and power
transfer occurs. The receiver in this case may not even contain a microcontroller and act
autonomously and simply have a regulator to provide regulated output power to a device, its kin
or case, or battery.

[0063] In accordance with an embodiment, the protocol for communication can be any of,
e.g. common RZ, NRZ, Manchester code, etc. used for communication. An example of the
communication process and regulation of power and/or other functions is shown in Figure 10.
As discussed above, the charger may periodically start and apply a ping voltage of pre-
determined frequency and length to the charger coil (bottom figure in Figure 10). The receiveris
then activated and may begin to send back communication signals as shown in top of Figure 10.
The communication signal can include an optional preamble that is used to synchronize the
detection circuit in the charger and prepare it for detection of communication. A communication
containing a data packet may then follow, optionally followed by checksum and parity bits, etc.
These processes are quite standard in communication systems and similar techniques can be
followed. The actual data packet can include information such as an ID code for the receiver,
received voltage, power, or current values, status of the battery, amount of power in the battery,
battery or circuit temperature, end of charge or battery full signals, presence of external wired
charger, or a number of the above. Also this packet may include the actual voltage, power,
current, etc. value or the difference between the actual value and the desired value or some
encoded value that will be useful for the charger to determine how best to regulate the output.
[0064] Alternatively, the communication signal can be a pre-determined pattern that is
repetitive and simply lets the charger know that a receiver is present and/or that the receiveris a
valid device within the power range of the charger, etc. Any combination of systems can be
designed to provide the required performance.

[0065] In response to the receiver providing information regarding output power or voltage,
etc. the charger may modify voltage, frequency, duty cycle of the charger coil signal or a
combination of the above. The charger can also use other techniques to modify the power out of
the charger coil and to adjust the received power. Alternatively the charger can simply continue
to provide power to the receiver if an approved receiver is detected and continues to be present.
The charger may also monitor the current into the charger coil and/or its temperature to ensure
that no extra-ordinary fault conditions exist. One example of this type of fault may be if instead
of a receiver, a metal object is placed on the charger.

[0066] The charger can adjust a parameter to increase or decrease the power or voltage in

the receiver and then wait for the receiver to provide further information before changing a
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parameter again or it can use more sophisticated Proportional Integral Derivative (PID) or other
control mechanisms for closing the loop with the receiver and achieving output power control.
Alternatively, as described above, the charger can provide a constant output power, and the
receiver can regulate the power through a regulator or a charger IC or a combination of these to
provide the required power to a device or battery.

[0067] Various manufacturers may use different coding and also bit rates and protocol. The
control process used by different manufacturers may also differ, further causing interoperability
problems between various chargers and receivers. A source of interoperability differences may
be the size, shape, and number of turns used for the power transfer coils. Furthermore,
depending on the input voltage used, the design of a wireless power system may step up or
down the voltage in the receiver depending on the voltage required by a device by having
appropriate number of turns in the charger and receiver coils. However, a receiver from one
manufacturer may then not be able to operate on another manufacturer charger due to these
differences in designs employed. It is therefore extremely beneficial to provide a system that
can operate with different receivers or chargers and can be universal.

[0068] In accordance with an embodiment, to be able to detect and power / charge various
receivers, the charger can be designed such that the initial Ping signal is at such a frequency
range to initially be able to power and activate the receiver circuitry in any receiver during the
ping process. After this initial power up of the receiver, the charger communication circuit should
be able to detect and understand the communication signal from the receiver. Many
microcontrollers are able to communicate in multiple formats and may have different input pins
that can be configured differently to simultaneously receive the communication signal and
synchronize and understand the communication at different baud rates and protocols. The
charger firmware can then decide on what type of receiver is present and proceed to regulate or
implement what is required (end of charge, shut-off, fault condition, etc.). Depending on the
message received, then the charger can decide to change the charger driver voltage amplitude,
frequency, or duty cycle or a combination of these to provide the appropriate regulated output.
[0069] In accordance with an embodiment, the charger’s behavior can also take into
account the difference in the coil geometry, turns ratio, etc. For example, a charger and
receiver pair from one or more manufacturers may require operation of the charger drive voltage
at 150 kHz. However, if the same receiver is placed on a charger from another manufacturer or
driven with different coil / input voltage combination, to achieve the same output power, the
charger frequency may need to be 200 kHz. The charger program may detect the type of
receiver placed on it and shift the frequency appropriately to achieve a baseline output power
and continue regulating from there.

[0070] As shown in Figure 10, after the receiver sends back a communication signal back

to the charger, in response to it, the charger adjusts its frequency and then awaits further
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information from the receiver. The receiver acknowledges the change and as shown in the
second data packet in the receiver signal, has modified its state and communicates back to the
charger. This closed loop continues during the charging process.

[0071] For receivers that contain an onboard regulator for the output power, the input
voltage to the regulator is not as critical since the regulator performs a smoothing function and
keeps the output voltage at the desired level with any load changes. Itis however, important not
to exceed the maximum rated input voltage of the regulator or to drop below a level required so
that the output voltage could no longer be maintained at the required value. However, in
general, inclusion of a regulator and/or a charger IC chip (for batteries) reduces the power /
voltage regulation requirements at the expense of the additional size and cost of this component.
[0072] While the system above describes a system where the communication is primarily
through the coil, as described earlier, communication may be implemented through a separate
coil, RF, optical system or a combination of the above. In such circumstances, a multi-protocol
system can also be used to interoperate between systems with different communication and/or
control protocols or even means of communication.

[0073] Alternately, the receiver may be designed to accommodate different types of
chargers. For example, once a receiver is awakened by a charger, it may try to detect the ping
frequency used by the charger. This may be done by any number of phase locking or other
techniques. Alternately, the receiver may send back a variety of trial communication signals
during ping process to establish which type of device is performing the ping. Once the type of
the charger is established, the receiver can proceed and communicate with the appropriate
communication protocol and frequency with the charger.

[0074] The multi-protocol approach described above is important for development of a
universal system that can operate amongst multiple systems and provide user convenience.
[0075] The description for the systems above may use discreet electronics components or
some or all of the functions described above may be integrated into an Application Specific
Integrated Circuit (ASIC) to achieve smaller footprint, better performance / noise, etc. and/or cost
advantages. Such integration is common in the Electronics industry and can provide additional

advantages here.

Magnets for use with Magnetically Sensitive Devices and Materials

[0076] Magnetically sensitive devices, materials, or components are used in a variety of
applications in industrial, consumer, credit, debit, Identification, or loyalty cards, computer, MP3
players, cameras, medical, satellite, marine, mining, transport, and military applications.
Examples of magnetically sensitive components or sensors include traditional or electronic
compasses, Hall sensors, magnetometers, disk drives, speakers, rotational or linear encoders,

pneumatic sensors, electric motor position sensors, etc. These sensors monitor and/or measure
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slight amounts of magnetic field. For example, a traditional or electronic compass (consisting of
magnetometer or Hall Effect sensors) responds to the small magnetic field of the earth to provide
directional information to the user. Use of a magnet near such a device would alter its
performance and reliability. However, there are instances where such a use would be beneficial.
As an example, recently, there is interest in incorporation of electronic compasses in mobile
devices such as phones, GPS, cameras, electronic tablets, and electronic compasses to provide
the user a portable navigation capability. Simultaneously, these devices have often used
magnets to secure the device in a holder, case, or holster or to attach the device to a surface
such as a holder in a car. One example of use of magnets in mobile phones is in certain
phones, such as Blackberry-type phones, where the presence of a device in its holster
containing a small magnet is detected by a magnetic sensor in a phone and activates certain
actions that may be selectable by the user on the phone. These actions can for example consist
of turning the ringer on the phone off or switching to a vibrate mode.

[0077] In cases such as the phone described above, if a magnetic compass is implemented
in the phone, the presence of a magnetin a case can interfere with the operation of the compass
and/or navigation capabilities of the device. Another example is the often used magnetic discs
or clasps in cases or holders for phones or cameras to close a protective cover on a mobile
device, phone, computer, GPS device, etc. In these and many other cases, it is desired to have
an easy method of fastening two parts together magnetically while not affecting the operation of
the device or system.

[0078] Figure 11 shows a Notebook-style portfolio case (left) and a mobile phone or
camera pouch (right), where magnets are used to secure a closing clasp or flap. Magnets have
also been used to secure cases or portfolios to Notebook computers or the back of their screens.
These devices often incorporate components such as disk drives or magnetically sensitive
components such as compasses, etc. that may be affected by use of such magnets. In addition,
the existing magnetic sensors in the device (as in the blackberry phone case discussed above)
may be affected by such magnets.

[0079] In addition, in many instances, it is desirable to hold or mount various devices
securely by use of magnets. These can include having a convenient method for mounting of
mobile phones, MP3 players, cameras, radar detectors, GPS units, compass, video screens,
TVs, etc. in cars, boats, ships, trains, planes, helicopters, or other transport vehicles or work or
home areas. Several commercially available mounts for such devices are shown in Figure 12.
In these instances, a magnetic or ferromagnetic base unit is coupled with a magnetic or
ferromagnetic matching thin sticker or small sheet that can be attached or inserted inside a
mobile device or its battery compartment or incorporated into a skin or case for the device such
that the device will be attracted to the base and be held firmly during use or for storage. One or

the other or both the holder or the mount and the other part incorporated into or on a device can
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be magnetic, to provide the necessary attractive force for this operation. Similarly, if the device
is sensitive to magnetic fields, such a magnet can interfere with its operation.

[0080] Another area of use of magnets is in design of handbags, bags, backpacks, wallets,
money clasps, etc. where magnets are used as a convenient method of closing or fastening
parts to close or shut parts together. Use of magnets in such instances where the user may
place a magnetically sensitive device, phone, camera, MP3 player with disk drive, GPS unit,
compass, or credit cards, etc. may cause problems. In particular, erasure of data in credit cards
due to use of magnets in wallets or handbags can be a concern.

[0081] More recently, magnets have been used to provide easy and safe connectivity
between power or data cables and mobile devices or Notebook computers. As shown in Figure
13 and described, for example in U.S. Patent Nos. 7,311,526 and 7,645,143 , a power plug for
an electronic device or Notebook computer or deep fryer using a magnetic method for fastening
and attachment of the power cable and its plug to the matching connector in the Notebook and a
deep fryer. The magnet or ferromagnet material in the part of the plug surrounding the 5
connectors shown is attracted to the matching part in the Notebook and automatically aligns and
connects the connectors in the 2 parts. The magnetic element on one or both of the plug and
the device connector or receptacle can be a magnet to provide the necessary attractive force.
The advantages of this type of connector is that in case a user accidentally trips over such a
cable, it would easily pull the cable out of the Notebook computer or deep fryer without damage
to either side and pulling the product off to the floor causing damage or injury. This is a
considerable advantage over other types of connectors that are mated by force and insertion of
one part into another and liable to break in case of such accidents or cause unnecessary
damage or injury. However, similar to the situations described above, use of such types of
magnets near devices that are sensitive to the magnetic field such as mobile phones with
compasses or devices with magnetic sensors or hard drives near the connector is problematic
and therefore similar connectors are not used in many devices that can take advantage of this
technology.

[0082] Another area of use of magnets is in the area of wireless power. With the
proliferation of mobile devices in recent years, the area of powering and charging these devices
has attracted more attention. The vast majority of the electronic devices in use today are
powered and/or charged through conduction of electricity through wires from a power supply or
charger to the device. While this method has proven to be efficient for most stationary devices,
recently, there has been an interest in providing wireless methods for powering or charging
several mobile devices, batteries, or electronics devices. The advantages include the ability to
eliminate a power / charger cord and the possibility of implementing a universal charger / power
supply that is able to charge / power multiple devices one at a time or simultaneously. In

addition, in many situations, eliminating the connectors for charging and/or power would improve
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device and/or battery reliability. The so called “wireless power” methods can also be generally
divided into conductive and inductive methods. While the conductive methods use flow of
current from a charger into the mobile devices and/or battery to provide power and therefore are
not strictly speaking wireless, they offer geometries where a user can place a device on a pad or
similar object and receive power through matching contacts on the back of a device and the pad
without ‘plugging in’ the device. The inductive methods utilize coils or wires near the surface of a
charger to create a magnetic field in the vicinity of the surface. A coil or wire in a receiver
embedded into a device or battery that is in the vicinity of the surface can sense the magnetic
field. Power from the charger can be transferred to the receiver without any wired connection
through air or other media in between. The inductive method has several advantages over the
conductive approach, such as:

e Connectors that are a major failure point in electronics are eliminated.

 Environmentally hermetic devices can be developed that are immune to moisture or
liquids.

e The receiver can be built directly on the battery so the battery can be charged
through the outside shell of the device by induction. This enables changing the
battery of any existing product after-market with a similar sized and shaped battery to
enable inductive charging.

 With a properly designed charger pad, the charging is independent of position and

does not require placement of device in any particular location or orientation.

[0083] Methods based on an array of connectors (e.g. U.S. Patent No. 6,913,477 B2) or
strips of power (e.g. www.pureenergy.com) in a pad that can power mobile devices conductively
have been proposed. Sakamoto (H.Sakamoto and K.Harada in PESC'93 Record, pp168-174,
Spain, (1992)) has also shown the possibility of recharging a device through a transformer coil
with a core where the sections of the transformer can be separated. S. Hui, etal., in Electronics
Letters, 34, pp. 1052-1054, (1998) and S. Tang, et al., Electronics Letters, 36, pp 943-944
(2000), describe the use of coreless printed circuit board transformers. Fernandez, et al., in
Proc. APECOZ, 2002, pp. 339-345, have described the process of optimization of PCB coils for
power transfer. The use of a resonance circuit is described in U.S. Publication No.
2009/0015075 and U.S. Publication No. 2009/0033564.

[0084] As described herein, powering or charging of a mobile or electronic device or battery
can be used interchangeably. Many mobile devices incorporate rechargeable batteries and
require external DC power to charge these batteries for operation. However, in case of some
devices such as a notebook, computer, etc., while the device is connected to DC power to
charge its internal battery, the device can also be using the DC power to operate simultaneously.

The ratio of power used for charging the internal rechargeable battery to operating the device
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depends on the degree to which the battery is discharged, the power necessary to operate the
device, and what the device is doing at any given time. In the extreme, a laptop with its battery
removed can only use the DC power to operate. In this case no charging occurs and 100% of
the provided DC power is used to operate the device.

[0085] In some of the applications described above, magnets can be used to provide
alignment or a secure connection for an electrical contact. For example, in some
implementations of the inductive charging technology, it may be desirable to provide alignment
between the charger and receiver coils by aligning them through use of disk, ring, or other
magnets attached to the two coils. When a receiver embedded in a device, battery, battery door,
skin, or case is brought close to a charger surface, the corresponding magnets can attract and
bring the coils to the necessary alignment for optimum power transfer. Several embodiments for
implementing this, for example to provide higher insensitivity to placement of the receiver, better
mechanical and smaller volume requirements, minimal impact on power transfer, etc., are
described in U.S. Patent Applications “INDUCTIVE POWER SOURCE AND CHARGING
SYSTEM”, Application No. 11/669,113, filed January 30, 2007 (subsequently published as U.S.
Publication No. 20070182367, and issued as U.S. Patent No. 7,952,322); “POWER SOURCE,
CHARGING SYSTEM, AND INDUCTIVE RECEIVER FOR MOBILE DEVICES”, Application No.
11/757,067, filed June 1, 2007 (subsequently published as U.S. Publication No. 20070279002,
and issued as U.S. Patent No. 7,948,208); “SYSTEM AND METHOD FOR INDUCTIVE
CHARGING OF PORTABLE DEVICES”, Application No. 12/116,876, filed May 7, 2008
(subsequently published as U.S. Publication No. 20090096413); and “SYSTEM AND METHODS
FOR INDUCTIVE CHARGING, AND IMPROVEMENTS AND USES THEREOF”; Application No.
12/769,586, filed April 28, 2010 (subsequently published as U.S. Publication No. 20110050164),
each of which applications are hereby incorporated by reference herein.

[0086] Figure 14 shows an Inductive wireless charger and/or power supply with multiple
charging stations in accordance with an embodiment. The inductive receiver can be
incorporated into a mobile device, its battery door, case or skin, a battery, etc. To align the coil
in the charger and the coil in the receiver, magnets that attract the coils into alignment can be
incorporated or on around the coils. Many types of magnets such as round discs, square, ring,
oval, rectangular, arc, etc. can be used for alignment of coils. In Figure 14, round disc (top) and
ring (bottom) magnets are used for this alignment. One or many magnets can be used. Several
different placements and shapes for magnets are shown in Figure 15 by way of example. For
example, a single disc or square, or other shaped magnet at the center of each coil can be used.
In other implementations, 4 disc or square magnets placed in the corners of a square pattern
can be used or other patterns. The patterns shown herein are shown by way of example. In
accordance with other embodiments, other numbers and/or shapes of magnets or magnetization

direction or strength can be used to achieve the desired alignment. Itis possible to incorporate
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magnets with attracting magnetic orientation in the two parts to be aligned or alternatively, only
one or one set of magnets and a ferromagnetic or magnetically attractable material used in the
other part to achieve similar alignment results.

[0087] The advantage of use of a single disc magnet in the center of a charger and one in
the center of a receiver is that the receiver can rotate with respect to the charger and still
maintain optimum alignment. With 4 magnets placed as shown in Figure 15, the coils can be
rotated 90, 180, or 270 degrees with respect to each other and still maintain alignment. Other
shapes or number of magnets can be used and patterns in Figure15 are shown only as a way of
example. The magnets can be magnetized with the magnet direction perpendicular to the face
of the disk or magnet and by using magnet poles in the charger and receiver such that the pole
is In the same direction in both, for example as south pole out of the page. When the two
devices are close to each other, the magnets attract and align the coils. U.S. Patent
Applications “INDUCTIVE POWER SOURCE AND CHARGING SYSTEM?”, Application No.
11/669,113, filed January 30, 2007 (subsequently published as U.S. Publication No.
20070182367, and issued as U.S. Patent No. 7,952,322);, “POWER SOURCE, CHARGING
SYSTEM, AND INDUCTIVE RECEIVER FOR MOBILE DEVICES”, Application No. 11/757,067,
filed June 1, 2007 (subsequently published as U.S. Publication No. 20070279002, and issued as
U.S. Patent No. 7,948,208); “SYSTEM AND METHOD FOR INDUCTIVE CHARGING OF
PORTABLE DEVICES”, Application No. 12/116,876, filed May 7, 2008 (subsequently published
as U.S. Publication No. 20090096413); and “SYSTEM AND METHODS FOR INDUCTIVE
CHARGING, AND IMPROVEMENTS AND USES THEREOF”; Application No. 12/769,586, filed
April 28, 2010 (subsequently published as U.S. Publication No. 20110050164), each of which
applications are hereby incorporated by reference herein, each of which applications are hereby
incorporated by reference herein, previously described improvements on the design of alignment
magnets. Forexample, in Figure 15 or Figure 16, disc, square, rectangular, or ring magnets are
used in the charger and the receiver with the magnets magnetized in the direction perpendicular
to the flat surface. A gap in the ring magnet is incorporated to reduce potential eddy currents
due to changing magnetic field of the wireless charger / power supply. Ring magnets have
better performance for these applications due to the larger diameter of the magnet that can be
used in this case (thereby providing a larger alignment target for the user), the ability to rotate
one coil with respect to the other one at any angle and maintain alignment, and the ability to
reduce or eliminate any potential eddy currents through a cut in the ring as described above. In
accordance with other embodiments, other shapes or combinations of shapes, such as square,
rectangle, circle, oval, or triangle, etc. rins or other narrow wall, or others or combination of the
above can be used depending on the particular needs of the intended application.

[0088] In some situations, the charger / and or power supply is incorporated into a mobile
device or part that includes a magnetically sensitive portion. For example, the charger can be
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incorporated into a notebook or laptop or computer with a disk drive, compass, or other
magnetically sensitive parts. In these instances, incorporation of the magnet or magnets in the
charger as well as the receiver can pose problems for the device incorporating the charger as
well as for the device or part incorporating the receiver.

[0089] In accordance with various embodiments, the coils described here can be
manufactured with wires, Litz wire, Printed circuit board (PCB), stamped, formed, shaped, etc.
metal or magnetic material. The spiral patterns shown here are for example only and the coils
can be any shape or size or pattern that could generate a magnetic field.

[0090] Similarly, the alignment can be achieved between a magnet or magnets incorporated
into or around one of the coils and a part constructed of ferromagnetic or other magnetic material
that can be attracted to the magnet for alignment. The magnet or the magnetically attracted part
can be made from Nickel, Iron, Cobalt, gadolinium and dysprosium, steel, etc. or an alloy of
these materials or ceramic, Alnico, Ticonal, Rare Earth magnets, flexible or injection molded or
nano-crystalline magnets so that the magnets on the receiver attract and attach to the magnetic
or ferromagnetic material on the other part. Examples of metal or magnetic material or
ferromagnetic material that could form the opposite side are Nickel, Steel, cobalt, gadolinium and
dysprosium, steel, etc. or an alloy of these material or ceramic, Alnico, Ticonal, Rare Earth
magnetic material, flexible or injection molded or nano-crystalline materials or any other material
that can be attracted to a magnet or an alloy containing such. Of course, either the receiver or
charger can incorporate a magnet and the other part a material that is attracted to a magnet or
vice versa or both can contain magnets with poles arranged such that they attract each other for
alignment. The type of materials discussed above or combination thereof can be used in any of
these cases. The magnets can be permanent magnets or electromagnets activated by
application of an electrical current.

[0091] Similarly, in conductive types of wireless or wire free charging or power, the
connectors on a receiver in or on a device or skin, etc. are often magnetized to attract strips of
metal or additional magnets on a pad to make a strong connection. For example, some
companies produce a conductive type of so called “wireless” or “wire-free” charger. In some
instances, connectors on the back of a mobile device incorporated into the device, its skin, or
battery door, or an additional part attached to the back of the device contain a number of metallic
contacts which make contact with metal strips on a pad. The metal strips are connected to a
power supply rail with an applied voltage and upon contact with the receiver connectors and
verification of the receiver, provide necessary voltage and/or current to the receiver. Toenable a
strong connection between the receiver and the pad metal strips or to enable the receiver and
the device it is attached or incorporated in, to be placed at an angle or vertically, etc., the metal
strips are made of a magnetic or ferromagnetic material such as Nickel, Iron, Cobalt, gadolinium
and dysprosium, steel, etc. or an alloy so that the magnets on the receiver contact attract and
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attach to the strips. Enabling such an attractive contact is especially important when it is desired
that the device not move during the charging process such as when the charger pad is used or
incorporated into a car, airplane, ship, boat, etc. where motion is present. However, in instances
where the mobile device contains a compass such as an electronic compass in certain phones,
use of magnets in the receiver connectors interferes with such an operation. Therefore the
manufacturer has generally not incorporated magnetic connectors for such instances, which
eliminates the benefits of the magnetic attachment.

[0092] In these and many other applications, it may be desirable to benefit from the
seemingly contradictory use of magnets for their advantages in providing an attractive force for
fastening, mounting, holding, or alignment, while at the same time it is desired to minimize or
eliminate any effect on magnetically sensitive components in the charger or receiver or devices
or parts nearby. This contradiction can be resolved by realizing that it is possible to create
magnets with a net magnetic field that is zero or small in areas near or far from the magnet and
at the same time that the part retains its magnetic or attractive properties at close distances and
can provide attractive forces.

[0093] To achieve small overall net magnetic field, it is important to realize that the
magnetic field is a vector and fields from several magnets or parts or poles of the same magnet
add to provide the total sum of the field at any location in space.

[0094] Many magnets such as Rare Earth magnets are made using a sintering process
whereby the basic material components such as Iron, Nickel, Cobalt, and/or Rare Earth material
are refined and then combined in the desired composition and melted in a furnace to produce
starting ingots for a magnet. The ingots are then ground and the resulting particles are placed in
a jig or mold with the desired shape and dimensions and pressed into shape while an external
magnetic field is applied to orient the particles. By applying the appropriate magnetic field in the
desired direction, in plane, out of plane, radial, or multi-pole poling of the magnet can be
achieved. For example, multi-pole magnets are created by pulse magnetization. To create a
linear period multi-pole magnet, a magnetizing fixture with a back and forth copper wire
arrangement is used. Application of a short current pulse from a capacitor through the fixture
produces a magnetic field strong enough to magnetize material in the vicinity of the wire pattern.
By controlling the shape and size of the induced magnetic field various magnet types can be
created. The resulting part is then treated in a sintering furnace to compact the material before
further testing of the parameters and coating of the final magnet to avoid corrosion. As an
example, multi-pole magnets with periodicity of 1-2 mm in substrates of 2 mm thick or less have
been studied for micro-actuator applications (J.Topfer, and V. Christoph, “Multi-pole
Magnetization of NdFeB Sintered Magnets and Thick Films for Magnetic Micro-Actuators”,
Sensors and Actuators, A 113 (2004) 257-263 AND J. Topfer, B. Pawlowski, H. Beer, K.
Pl6tner, P. Hofmann, M. Herfurth, “Multi-pole magnetization of NdFeB magnets for magnetic
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micro-actuators and its characterization with a magnetic field mapping device, J. Magn. Magn.
Mater. 270 (2004) 124—129).

[0095] Topfer, et al. manufactured NdFeB square magnets of 50 x 50 x 1 mm? dimension
magnetized axially perpendicular to the square surface of the part and characterized it. Figure
16 shows Measured z-component (along the axial direction of magnetization) of the magnetic
flux density of this magnet measured by moving a Hall Sensor along the middle of one edge of
the square to the opposite edge of the square 250 micrometers above the surface of the magnet
as shown in the inset. The results show that in such a magnet, the field peaks at the edges and
in the center, a strong demagnetization field exists that almost reduces the magnetic flux to zero
at this center, thereby not providing much attractive or retention force for such thin magnets.
[0096] In Figure 17, the same researchers compare the performance of a 50 x 50 x 1 mm?®
magnet with one of 10 x 10 x 1 mm? dimension magnetized axially perpendicular to the square
surface of the part. The smaller magnet retains its magnetic flux to a greater degree at its center
and has higher peaks at the edges. Also note that the peak of the magnetic flux is higher for this
magnet.

[0097] To further retain high flux density in a magnet, the same shape part can be
periodically poled in a multi-pole pattern as shown in Figure 18. Here, the 10 x 10 x 1 mm®
magnet is magnetized periodically with a periodicity of 2 mm as shown on the top Figure 18.
The bottom figure shows the measured magnetic flux density. It can be seen that flux density
follows the poling pattern but in addition, comparing the magnitude of the flux density, it can be
seen that the peak values are about twice the peak value of the flux density in a uniformly
magnetized magnet. In addition, the magnetic flux does not show any sign of demagnetization
and reduction of the peak values at the center of the magnet that is seen in Figures 16 and 17.
Overall, multi-pole magnetization can provide a method for achieving higher and more uniform
magnetic flux in a magnet. These characteristics are desirable for applications described here
where retention and alignment of parts are required.

[0098] An important aspect of the performance of the multi-pole magnets described here is
the performance of these magnets away from the surface of the magnets. Figure 19 shows the
drop off of maximum flux density value for a 10 x 10 x 1 mm® magnet magnetized periodically
with a periodicity of 1 and 2 mm as shown on the top as a function of distance between the
probe and the top of the magnet. It can be seen that the flux density drops off very quickly and
reaches small values for over 1 mm. This is a result of the geometry shown on the top of the
figure. With multiple poles present, as the distance between the probe and the magnet
increases, the probe measures the sum of the flux density from the multiple poles present and
this value approaches zero quickly away from the surface. At the same time, near the surface,
the flux density is larger for the multi-pole magnet as compared to a single pole magnet, and

increases as the pole periodicity increases (up to a limit given the physical dimensions of the
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magnet, its thickness, etc.). It is important to recall that the peak for a uniformly magnetized
magnet of same dimension was only around 0.13 T (< 1/3 of the 1 mm periodically poled
similarly sized magnet value) as shown in Figures 18 and 19. At the same time, as discussed
above, the uniformly magnetized magnet also showed a very significant reduction of the flux
density at its center which is not present for the multi-pole magnet.

[0099] In summary, the results above demonstrate that properly designed multi-pole
magnets can provide significantly higher and more uniform flux density near their surface while
at the same time providing much lower flux densities away from the surface.

[00100] These characteristics can be used to provide the combination of characteristics that
are useful for mounting, holding, attachment, and alignment purposes for the applications
discussed earlier. By using multi-pole magnets higher retention and alignment force can be
provided, while reducing the effect of any stray fields on nearby magnetically sensitive
components, parts, or materials.

[00101] Figure 20 shows several magnet types that are magnetized perpendicular to the
magnet surface (axially), in accordance with various embodiments. For example, Figure 20
shows (a) rectangular magnet magnetized in a checkerboard pattern, (b) square magnet
magnetized in a checkerboard pattern, (¢) rectangular magnet magnetized in a single direction
multi-pole pattern, (d) square magnet magnetized in a single direction multi-pole pattern, (e) disc
magnet magnetized into 4 sections, (f) disc magnet magnetized into 8 sections, (g) ring magnet
magnetized into 8 sections, and (h) disc magnet magnetized into concentric circular sections.
These patterns are shown by way of illustration and it is obvious that many types of magnets and
shapes can be devised for various applications with regular or irregular shapes that have muilti-
pole magnetic patterns.

[00102] For applications in securing or mounting of parts to another part, a multi-pole magnet
similar to magnets in Figure 20 or another appropriate shape and size and number of poles can
be devised for the device to be mounted or the mount and combined with a matching magnet or
ferromagnet or other magnetically attractable material on the opposite part (device or mount) to
provide attraction between the two parts. Since each magnet includes a number of poles, this
approach allows both for central alignment between the two parts (i.e. their respective magnets
or magnetically attractable material are centered with respect to one another); and stepped or
rotational alignment between the two parts (i.e. their respective magnets or magnetically
attractable material can be center-aligned with respect to one another, and then rotated around
those centers in steps corresponding to the number of poles, wherein at each step the full
magnetic attraction is provided). This allows for novel uses of such magnets, for example to
allow parts to be attached to one another in a variety or particular number of relative orientations.
[00103] In accordance with an embodiment, in applications such as shown in Figure 11-15,

the appropriately designed magnet can be used instead of the uniformly magnetized magnets of
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earlier design, to provide stronger or similar attractive force while producing minimal or zero
magnetic field away from the magnet not to disturb other magnetically sensitive parts or devices.
[00104] As an example, in accordance with various embodiments, ring or arc multi-pole
magnets such as those shown in Figure 21 can be used with the coil to provide alignment. It will
be evident that improvements such as cuts or discontinuities, etc. for reduction of eddy currents
can be implemented as in singly poled magnets described for example in U.S. Patent
Applications “INDUCTIVE POWER SOURCE AND CHARGING SYSTEM”, Application No.
11/669,113, filed January 30, 2007 (subsequently published as U.S. Publication No.
20070182367, and issued as U.S. Patent No. 7,952,322); “POWER SOURCE, CHARGING
SYSTEM, AND INDUCTIVE RECEIVER FOR MOBILE DEVICES”, Application No. 11/757,067,
filed June 1, 2007 (subsequently published as U.S. Publication No. 20070279002, and issued as
U.S. Patent No. 7,948,208); “SYSTEM AND METHOD FOR INDUCTIVE CHARGING OF
PORTABLE DEVICES”, Application No. 12/116,876, filed May 7, 2008 (subsequently published
as U.S. Publication No. 20090096413); and “SYSTEM AND METHODS FOR INDUCTIVE
CHARGING, AND IMPROVEMENTS AND USES THEREOF”; Application No. 12/769,586, filed
April 28, 2010 (subsequently published as U.S. Publication No. 20110050164), each of which
applications are hereby incorporated by reference herein. For example, the ring magnet in
Figure 22 shows an implementation of such a discontinuity at the bottom of the figure.
[00105] While most of the description below is based on the inductive method of power
transfer, the embodiments described here can be implemented with either the inductive method
or the conductive method or the magnetic resonance method, optical, or other methods for
power transfer some of which have been described above. Inductive methods of power transfer
are described above as an example of the more general wireless power transfer.

[00106] Furthermore, the type of magnets discussed above may be used with magnetic
shielding material commonly in use for reduction of AC or DC magnetic field such as mumetal,
etc. available from Magnetic Shield Corporation or material such as thin flexible sheets available
from Maruwa or nano materials such as Finemet from Hitachi Corp or ferromagnetic or alloys of
ferromagnetic materials such as iron, nickel and cobalt. For example in the case of the inductive
charger or receiver described above, the area behind a coil can be covered by a magnetic shield
material and a square, rectangle, ring or arc of multi-pole magnet can be attached around and/or
on such a shield and be used for attraction and alignment of the charger and receiver coil to
each other. Figure 22 shows such an arrangement where multi-pole magnets (multi-pole ring
(left) and arc (right) magnet on or around an inductive coil) and magnetic shielding material are
used behind a coil. Here, the magnetic shield layer or material shields behind the coil provides
shielding from the alternating magnetic field of the coil. An optional cut/discontinuity in the ring
(shown at the bottom of the ring magnet on the left) prevents or reduces eddy currents during

operation of the inductive coil.
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[00107] In addition, heat transfer layers can be incorporated to spread the heat generated.
Such layers need to be designed not to interfere with the operation of the coils. Since alternating
magnetic fields are generated and detected in an inductive system, use of a metal layer behind
the coil would produce eddy currents and loss. One method for providing thermal conductivity
with metal layers is where a metal layer with discontinuous portions is placed behind and/or
around the coil. In this case, the metal layer can comprise rectangular slices that can conduct
heat away from the center of a coil while, due to discontinuity between the slices, the electrons
can not flow in a circular motion due to the alternating magnetic field. The pattern described
here has a number of triangular slices but any other pattern which can provide heat transport but
does not allow carriers to circulate in a rotational pattern due to the alternating magnetic field can
be implemented.

[00108] Alternatively, multi-pole magnets can be manufactured by way of taking a single
poled magnet, cutting it into appropriate sections, and reassembling the pieces and attaching
them together with an adhesive, glue, or other bonding agent or other material; or alternatively a
holder, etc. or clamp or screws or external force or other methods, so that the multi-pole
geometry is achieved. For example, a single poled axially poled (out of plane of ring) ring can be
cut into 4, 8, 16, or another number of even or odd sections, and half of the sections turned over
and reassembled to provide a multi-pole magnet. To aid in assembly of such a magnet, it may
be necessary to attach or place the parts on to another solid continuous piece. This piece may
be magnetic, ferromagnetic, or non-magnetic itself. For example, in the ring magnet example
above, the pieces of the ring magnet can be attached and reassembled in a multi-pole geometry
on a stainless steel, iron, Nickel, plastic, or copper, etc. ring to aid in assembly and to hold the
sections together. The properties of the backing material, its thickness, etc. can also be
optimized to provide necessary performance. For example, use of a ferromagnetic material as
backing can further provide a path for the magnetic flux in that section and provide further tighter
coupling between sections and reduction of magnetic field away from the ring. It may also be
desirable to sandwich the magnet on both sides with similar or dissimilar backing material or
layers, or use multiple backing layers to further engineer symmetric or asymmetric properties on
the two sides of the multi-pole magnet.

[00109] Figure 23 shows a multi-pole ring magnet with radially magnetized sections. In use
of the magnet for inductive charging applications, a cut or break in the circle or arc magnets as
described earlier can be used.

[00110] While in the above description, emphasis has been given to affixing electronic parts,
batteries, electric parts, etc to other parts or components or cases, holders, etc., the processes,
systems, and methods described above can be similarly used to permanently or temporarily fix,
attach, align, or establish relation between any two or more parts of the same or differentitems,

products, areas, etc., including those not directly related to electronics. Examples include in
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lighting, furniture, automotive, mechanical instruments or machines, electronics, electrical
systems and components, batteries, cases, purses, clothing, footwear, or any other number of
applications. Other examples can be developed in accordance with other applications.
[00111] Some aspects of the present invention can be conveniently implemented using a
5 conventional general purpose or a specialized digital computer, microprocessor, or electronic
circuitry programmed according to the teachings of the present disclosure. Appropriate software
coding can readily be prepared by skilled programmers and circuit designers based on the
teachings of the present disclosure, as will be apparent to those skilled in the art.
[00112] In some embodiments, the present invention includes a computer program product
10  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 the present invention. The storage
medium can include, but is not limited to, any type of disk including floppy disks, optical discs,
DVD, CD-ROMs, microdrive, and magneto-optical disks, ROMs, RAMs, EPROMs, EEPROMs,
DRAMs, VRAMs, flash memory devices, magnetic or optical cards, nanosystems (including
15 molecular memory ICs), or any type of media or device suitable for storing instructions and/or
data.
[00113] The foregoing description of the present invention has been provided for the
purposes of illustration and description. It is not intended to be exhaustive or to limit the
invention to the precise forms disclosed. Many modifications and variations will be apparent to
20  the practitioner skilled in the art. The embodiments were chosen and described in order to best
explain the principles of the invention and its practical application, thereby enabling others skilled
in the art to understand the invention for various embodiments and with various modifications
that are suited to the particular use contemplated. It is intended that the scope of the invention

be defined by the following claims and their equivalence.
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What is claimed is:

1. A system for providing universal orimproved compatibility and transfer of wireless power
to mobile devices and batteries, comprising:

a charger including a charger coil and one or more half-bridge drivers and/or
microcontroller units or other current and/or voltage controlling components, wherein the charger
includes a circuit or other components that measures the current through and/or voltage across
the charger coil, and wherein the microcontroller unit receives a communication signal from a
detection/demodulation circuit and makes appropriate adjustments to the charger coil drive
circuitry to achieve the desired output voltage, current or power from the receiver output, for

using in powering or charging a mobile device and/or battery.

2. The system of claim 1, wherein the charger is used with a mobile device having a
receiver that is coupled to a receiver coil and a receiver circuit and that includes a capacitor in

parallel or series with the receiver coil to produce a tuned receiver circuit.

3. The system of claim 1, wherein the receiver further includes a microcontroller that is
used to measure various values such as output voltage, current, temperature, state of charge,
battery full status, end of charge, etc. and to report those values back to the charger to provide a

closed loop system with the charger.

4. The system of claim 1, wherein communication between the charger and receiver is
provided through the power transfer coil or an antenna, or through a separate coil, a radio
frequency link , an optical communication system or a combination of these, and wherein the

communication in any of these methods can be bi-directional and/or uni-directional.

5. The system of claim 1, wherein the charger and receiver communicate to provide optimal
charging information, including the charger periodically activates the charger coil with a drive
signal of appropriate frequency, during which ping process, if a receiver coil is placed on top or
close to the charger coil, power is received through the receiver coil and the receiver circuit is
energized, and wherein the receiver microcontroller is activated by the received power and
performs an initiation process whereby the receiver ID, its presence, power or voltage
requirements, receiver or battery temperature or state of charge or other information is sent back

to the charger.
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6. A method for providing universal or improved compatibility and transfer of wireless power
to mobile devices and batteries, comprising the steps of:

providing a charger including a charger coil and one or more half-bridge drivers and/or
microcontroller units or other current and/or voltage controlling components, wherein the charger
includes a circuit or other components that measures the current through and/or voltage across
the charger coil, and wherein the microcontroller unit receives a communication signal from a
detection/demodulation circuit and makes appropriate adjustments to the charger coil drive
circuitry to achieve the desired output voltage, current or power from the receiver output, for

using in powering or charging a mobile device and/or battery.

7. A system for attachment or fastening of one or more device, component, or part thereof
to another device, component, or part thereof, using a multi-pole magnet comprising:

a first magnet attached to or included within a first one of the device, component, or part
thereof, wherein the first magnet includes more than one magnetic pole; and

a second magnet or a magnetic or ferromagnetic material attached to orincluded within
or on second of the device, component, or part thereof, which is magnetically attracted to the
first magnet to provide a measure of alignment, attachment or fastening of the first and second

devices, components, or parts.

8. The system of claim 7, wherein the multi-pole magnet has an appropriate shape, size
and number of poles, which can be mounted within or upon the electronic device and/or battery,
and used with a matching magnet or a ferromagnetic material in a base unit, surface, part,
cradle, holder or other device, to provide attraction and/or alignment between the electronic

device and/or battery and other device.

9. The system of claim 7, wherein the multi-pole magnet is a square or rectangular magnet

magnetized in a linear or checkerboard pattern.

10. The system of claim 7, wherein the multi-pole magnet is a square or rectangular magnet

magnetized in a single direction multi-pole pattern.

11. The system of claim 7, wherein the multi-pole magnet is a disc, ring, oval, or similarly

shaped magnet magnetized into a plurality of sections.

12. The system of claim 7, wherein the multi-pole magnet is a disc magnet magnetized into a

plurality of concentric circular or alternating sections around its center
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13. The system of claim 7, wherein the multi-pole allows both for central alignment between
the two parts, so that their respective magnets or magnetically attractable material are centered
with respect to one another, and also stepped or rotational alignment between the two parts, so
that their respective magnets or magnetically attractable material can be center-aligned with
5 respect to one another and then rotated around those centers in steps corresponding to the

number of poles, wherein at each step the full magnetic attraction is provided.

14. The system of claim 7, including a backing material which can be optimized to provide
necessary performance or to alter the path for the magnetic flux in various sections
10
15. A method for the use of magnets in electronic devices and/or battery, and in particular to
devices or parts having proximity to magnetic sensors, comprising the steps of:
providing a first magnet attached to or included within a first one of the device,
component, or part thereof, wherein the first magnet includes more than one magnetic pole, and
15  a second magnet or a magnetic or ferromagnetic material attached to or included within or on
second of the device, component, or part thereof, which is magnetically attracted to the first
magnet to provide a measure of alignment, attachment or fastening of the first and second

devices, components, or parts.
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and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

ﬁaﬂﬁ;ﬂ;ﬁ,g\é&;@ma 22313-1450
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/115,811 05/25/2011 Afshin Partovi AFPA-01007US1
CONFIRMATION NO. 4181
23910 POA ACCEPTANCE LETTER
FLIESLER MEYER LLP

410 PACIFIC AVENUE

ORI AR
SAN FRANCISCO, CA 94133 000000064328467

Date Mailed: 10/17/2013

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 10/09/2013.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/qtran/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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Pue Code: PA. . <
. o PTCIRNVERBIOT 18
Pacyment Deseription: Power of Attorny Approvess Tor ure through T30, QMR (8516028
o8 it and Tisgemark Office; U8, DERARTMENT OF CUMMERCE
Undear S Papanvork Redsoton At of 1895, no paraans are reguived 1o respond to g coiection of information walres i displays 3 vaid OME cordin! manbes,

POWER OF ATTORNEY BY APPLICANT

i haraby revoke ali previous powers of attorney given in the application identified in the altached fransmifial leiter.
‘} i hereby appgw Practitioner{s} associated with the following Customer Nurmber as myfour altorney{s} or agents), and fo

~ {ransact all busingss in the United States Patent and Trademark Office connected therewith for the appiication referenced
in the attached transmifial tetter fonn PTOMAINS2A or equivalent):

o 23910

i hereby appoint Pracliioner(s) named below as mylour aliomey(s) or agent(s), and lo fransact al business in the
Umiter States Fatent and Trademark Office connected therewith for the application referenced in the altached
transmitial letter {form P‘G:AEAJ&“»‘A of equivalent):

B i "
Rs'gtc. ration Name Registation

N3
Name Tdurries Mumisar

IVRVUUOIUVUIVIUI: SRRSO JUIUE. SUUUUTIOvroo
Please recogmze ar change the. currespondance address for the appimation identified in the atached
fransrmittal lefter fo:

@3 The addrass associated with the above-mentionad Custemer Rumbes,

- OR R
f The address assgctated with Cusiomer Numbes:
~ or |

T Firm o
. tndividual Mame
Adfifress

Country

Telephons

{ am the Applicant
{ Jinventor or Joint tventor
{:}Legai Representative of a Deceased or Legadly Incapacitated inventor
L{}Asssgﬂae or Person o Whom the inverdor is Linder af Obligafion to Assign

Paraon Whe Otherwise Showg Sufficient Pmpriet Fintars {e.g., a petition under 37 CFR 1.46(b){2) was
granted in the appli ;g } s document} )
g igs Patent

Email

Signature Oate

Name Adshin Partov ' Talsphone

Ll and Company IGEQ, Moo Moty no

NOTE: Signature - This forey must be signed by the appticant v accordance with 37 OFR 1.3, See 47 OFR 1.4 for signature requiraments and

certifications. Submit mullipts forms for more than one signalwe, see below *.

{j *Ttat of forwys are submitted,

This cellection ol information i required by 37 OFR 131, 1.32 and 1.33. The information is teguinsd 1o abisin of redain 4 benefit by the sublia whish is 10 fife {ang by e
MEPTO to provess] an appiostion. Sunfientiality I8 govemed by 35 U.S.C. 123 and 37 OFR 1,17 and 1,14, This cotlection is estimated fo tahe 3 minules o complete,
netdig gRtwing, prepsrng. an submiling the completed sppiication fors {o the USPTR. Time will very depenidiag tpon the iddividust 6350, ARy LOFamests o
Wi ancunt oF Y you vegue ) camplete this form andior suagestivre for reducing this turden, showd he semt o the Chisl Information (ificer, LS. Palent and
Trodumerk O Vg Depenmant of Commercn, PO, Box 1380, Alsandia, VA 2;.5“.}14.)0 OO ROT BEND FEESG OR COMPLETED FUBME TG THIS
ADDRESS, SENDITO: Conunissionsr for Batanls, P.O. SGx 145G, Alaxandriz, YA 231314584,

if you noad asaistonce in completing the fuum, oaf 1-BO0WFTO-918S and sefeat apd

3T

28
5
]
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Privacy Act Statement

The Privacy Act of 1974 {P.L. 93-579) requires that yau be given cartaln information in connection
with your subrmissian of the altached form reiated to 8 patent application or patent, Accordingly,
pursuant to fhe requirements of the Adl, pleass be advised that (1) the general authonity for the
coflection of this information is 35 U.S.C. 2(6¥2); {2} hurnishing of the information solicited is voluntary;
and {3) the principal purpose for which the infarmation is used by the U8, Patent and Trademark

DOffice is 1o process and/or exaine your submission related to a patert apphication o patert. ¥ you do
not fumish the requested infornation, the 1.8, Patent and Trademark Office may ol be able to

pracess and/or examine your submission, which may result i termination of proceedings or
abandonment of the appiication or expiration of the patent.

The information provided by you i this form will be sublest to the fnflowing routine uses:

1. The information on this forn wili be treated confidentially to the oxtent allowed under the
Freedom of information Act (5 U.S.C. 552} and the Privacy Act {§ U.S.C §52a). Records fram
this system of recards may be disclosed o the Deparirent of Justice o defermine whather
disclosura of these records is required by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a2 routine use, in the course of
presenting evidence to 2 courl, magisirate, or administrative tibunal, nchsding disclosures to
oppusing counsel in the course of setfiement negotiations,

3. A mecord in this system of records may be disciosed, as & routine use, to g Member of
Congress subrilting a request involving an individual, to whom the racord gertaing, when the
individual has requesied assistencs from the Member with respect to the sublec! matter of the
racord.

4. Arecord in this syslem of records may be disclused, 8s a routine use, to a contractor of the
Agency having reed for the informatian In order to perform a contract, Resipients of
information shal be required to comply with the requiremends of the Privacy Act of 1974, as
amended, pursuant 10 5 U.S.C. §52a(m).

5. A record refated to an intemational Application fited under the Patent Coogeration Treaty in
ihis system of recards may be disclosed, as 8 routine use, 1o the Internationat Bureay of the
World intellectsat Propedy Orgenization, pursuant o the Patent Cooperation Treaty.

6. A mcord in his system of records may be disclosed, as 8 routing use, o another federal

agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant o

the Alomic Energy Act {42 L1.5.G. 218{ch).

A record from this system of records may be disciosed, a8 a routine uss, fo the Adminisiratar,

General Services, or histher designee, during an inspection of recards conducted by GSA as

part of that agency's respansioility 1o recommend improverments in records managament

practices and programs, under authority of 44 U.8.C. 2804 and 2905. Such disclosure shalf
be made in acoordance with e G8A regulations goveming inspection of records for this
purpose, and any other relevant {fe., GSA or Commerce} drective. Such disclosure shall not
be usad 1o make determinations about individuals,

8. A record from this system of records may be disclosed, as a routine use, 1o the public afler
either publication of the application pursuant to 35 U.S.C. 122(4} or issuance of a patert
pursuant to 35 U.8.C. 151, Further, & recard may be disclosed, subject to the fimitations of 37
CFR 1.14, as a routine use, 1o the public if the record was filed in an appiication which
became abandened or in which the proceedings were terminated ang which application is
referancad by either a published application, an applicaion open to public inspaction or an
issued patent.

8. A record from this system of recards may be disclosed, as a routine use, 1o a Federal, State,
ar logat taw enforcement agency. i the USPTO bacomes aware of % violation ar potential
violation of taw o regulation.

~%
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Electronic Acknowledgement Receipt

EFS ID: 17087555
Application Number: 13115811
International Application Number:
Confirmation Number: 4181
Title of Invention: INDUCTIVE POWER SOURCE AND CHARGING SYSTEM
First Named Inventor/Applicant Name: Afshin Partovi
Customer Number: 23910
Filer: Karl Kenna/Nancy McElrath
Filer Authorized By: Karl Kenna
Attorney Docket Number: AFPA-01007US1
Receipt Date: 09-0CT-2013
Filing Date: 25-MAY-2011
Time Stamp: 19:03:47
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

703393
Assignee showing of ownership per37 | afpa_1007us1_373c_statement

CFR3.73. pdf ne 3

6f116a3811e5faffb4c7bchfdf1572cdfd761
a5

Warnings:

Information:
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802472
2 Power of Attorney afpa_1007us1_poa.pdf no 2

€21333a23e779323dfdac5c8ebffcad48d6¢

Warnings:

Information:

Total Files Size (in bytes):i 1505865

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office;U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act 0f1995, no persons arerequired to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
Applicant/Patent Owner: _Partovi, Afshin et al.

Application No./Patent No.: 13/115,811 Filed/Issue Date: 09-29-2011

Titteq: INDUCTIVE POWER SOURCE AND CHARGING SYSTEM

MOJO MOBILITY, INC. .a corporation

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

|:] There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. |:| An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1 From: Inventors To: Mojo Mobility, Inc.
The document was recorded in the United States Patent and Trademark Office at
Reel 028769 , Frame 0532 , or for which a copy thereof is attached.
2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by37 CFR3.73(b). The information is required toobtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentialityis governed by35 U.S.C. 122and 37 CFR1.11 and1.14. Thiscollection is estimated to take 12 minutes to complete, including
gathering, preparing, and submittingthe completed application form to the USPTO.Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent tothe Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450

AFPA-01007US1 If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

3. From:

STATEMENT UNDER 37 CFR 3.73(c)

To:

4. From:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

To:

5. From:

The document was recorded in the United States Patent and Trademark Office at

6. From:

Reel , Frame , or for which a copy thereof is attached.
To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Karl F. Kenna/

Signature

Karl F. Kenna

Oct. 9, 2013

|:| As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

Date

Printed or Typed Name

Reg. No. 45445

Title or Registration Number

AFPA-01007US1
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that yoube given certain informationin connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, pleasebe advised that: (1) the general authority forthe collection of thisinformation is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and(3) the principal purpose forwhich the
information isused by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent applicationor patent. If you do not furnish the requested information,the U.S. Patent and Trademark
Office may not be able to process and/or examineyour submission,which may result in termination of proceedings
or abandonment of the applicationor expiration of the patent.

The informationprovided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the informationin order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A record related to an InternationalApplication filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, arecord may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

A record from thissystem of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

AFPA-01007US1
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e X
SR Yt UNITED STATES PATENT AND TRADEMARK OFFICE

\ g UNITED STATES DEPARTMENT OF COMMERCE
%) United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPL0.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
13/115,811 05/25/2011 Afshin Partovi AFPA-01007US1 4181
23910 7590 09/23/2013 | |
EXAMINER
FLIESLER MEYER LLP
410 PACIFIC AVENUE BERHANU, SAMUEL
SAN FRANCISCO, CA 94133
| ART UNIT | PAPER NUMBER |
2859
| NOTIFICATION DATE | DELIVERY MODE |
09/23/2013 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

officeactions @fdml.com
pctoa@fdml.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
13/115,811 PARTOVI ET AL.

Office Action Summary Examiner Art Unit
SAMUEL BERHANU 2859

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- It NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)X] Responsive to communication(s) filed on 25 May 2011.
2a)[] This action is FINAL. 2b)X This action is non-final.
3)[1 An election was made by the applicant in response to a restriction requirement set forth during the interview on
__ ;therestriction requirement and election have been incorporated into this action.
4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 4563 O.G. 213.
Disposition of Claims
5)X Claim(s) 1-36is/are pending in the application.
ba) Of the above claim(s) _____is/are withdrawn from consideration.
6)[] Claim(s) ____is/are allowed.
7)X Claim(s) 1-36 is/are rejected.
8)[] Claim(s) _____is/are objected to.
9)[] Claim(s)
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway

program at a participating intellectual property office for the corresponding application. For more information, please see
hito//www uspto.gov/patents/init_svenis/pehyindex jsp or send an inquiry to PPHfeedback@uspio.gov.

are subject to restriction and/or election requirement.

Application Papers

10)[] The specification is objected to by the Examiner.
11)X] The drawing(s) filed on 25 May 2011 is/are: a)[X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)[J Al b)[JSome * ¢)[] None of:
1.[] Certified copies of the priority documents have been received.
2. Certified copies of the priority documents have been received in Application No. ___
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) & Notice of References Cited (PTO-892) 3) IZ Interview Summary (PTO-413)
Paper No(s)/Mail Date. 09/12/2013 .
2) |:| Information Disclosure Statement(s) (PTO/SB/08) 4) D Other:
Paper No(s)/Mail Date
U.S. Patent and Trademark Office
PTOL-326 (Rev. 09-12) Office Action Summary Part of Paper No./Mail Date 20130911
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Application/Control Number: 13/115,811 Page 2
Art Unit: 2859

DETAILED ACTION
1. The present application is being examined under the pre-AlA first to invent
provisions.
Double Patenting
2. The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the “right to exclude” granted by a patent
and to prevent possible harassment by multiple assignees. A nonstatutory
obviousness-type double patenting rejection is appropriate where the conflicting claims
are not identical, but at least one examined application claim is not patentably distinct
from the reference claim(s) because the examined application claim is either anticipated
by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140
F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29
USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir.
1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422
F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163
USPQ 644 (CCPA 1969).
A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on a nonstatutory

double patenting ground provided the conflicting application or patent either is shown to
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Application/Control Number: 13/115,811 Page 3
Art Unit: 2859

be commonly owned with this application, or claims an invention made as a result of
activities undertaken within the scope of a joint research agreement.

Effective January 1, 1994, a registered attorney or agent of record may sign a
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with
37 CFR 3.73(b).

3. Claims 1-36 are rejected on the ground of nonstatutory obviousness-type double
patenting as being unpatentable over claims 1-54 of U.S. Patent No. 7,952,322
Although the conflicting claims are not identical, they are not patentably distinct from
each other because, all the elements are mentioned explicitly or implicitly.

Claim Rejections - 35 USC § 102
4. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or ‘in
public use or on sale in this country, more than one year prior to the date of application for patent in
the United States.

5. Claims 1-2, 3-8 and 10-12, 22, 30-31, 36, 38-41 and 43-44 are rejected under 35
U.S.C. 102(b) as being anticipated by Lyon (US 2004/0145342).

As to Claims 1, 11 and 43-44, Lyon discloses in Figures 1-6, a mobile device

and/or battery capable of being inductively powered or charged comprising:
a battery; (the load is electronic device operated by battery)
a receiver (204) for one of inductively powering the mobile device directly, and/or

charging the battery in the mobile device, wherein the receiver includes
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a receiver coil(232) having generally planar shape, so that when a magnetic field is
applied in a direction generally perpendicularly to the receiver coil using induction from
a primary coil in a base unit, an electrical current is generated within the receiver coil
and is used to power or charge the mobile device and/or battery, a regulator circuit (
that senses the current drawn from the receiver coil and regulates it to match one of
either a predefined value of voltage or current, or an appropriate power parameter of the
mobile device and/or battery as sensed by the regulator circuit; and wherein the
receiver is one of attached to or incorporated into or on the battery or the mobile device.

As to Claim 2, Lyon discloses in Figures 1-6, wherein the receiver is attached to

the shell of the mobile device or battery.

As to claim 3, Lyon discloses in figures 1-6, a plurality of coils or wires,
wherein the coils or wires are placed in one or more layers and are used to inductively
charge a mobile device in proximity to the mobile device charger.

As to Claims 4 and 12, Lyon discloses in Figures 1-6, wherein one or more of

the coils are manufactured by one of printed circuit boards or by etching or stamping or
forming copper or other material and are manufactured to have a low resistance.

As to claim 5, Lyon discloses in figures 1-6, wherein two or more coils or wires
are activated to charge or power a mobile device [Lyon discloses charging plural
electrical devices and each device has coils].

As to claim 8, Lyon discloses in figures 1-6, wherein the charger or power supply

includes coils or wires for inductively charging or supplying power to the mobile device,
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and wherein the coils or wires also function as an antenna for data transfer [see figures
1-2].

As to Claim 22, Lyon discloses in Figures 1-6, a data storage component for

storage of data, for subsequent transmission of data to or from the mobile device.

As to Claim 30, Lyon discloses in Figures 1-6, wherein the charger or power supply
is made in the shape of a cup, bowl, or other container and mobile devices and/or
batteries placed inside would be are charged or powered inductively.

As to Claim 31, Lyon discloses in Figures 1-6, wherein a plurality of modular

chargers or power supplies can be interconnected to form a single unit.

As to Claim 36, Lyon discloses in Figures 1-6, wherein, the mobile device includes

an after-market or field-replaceable battery pack compatible with an original battery
pack for the device, and wherein the matching secondary coil or coils within the mobile
device are incorporated into the after-market or field-replaceable battery pack.

As to Claim 38, Lyon discloses in Figures 1-6, wherein two or more primary coils

or wires are activated at the same time to charge or power a mobile device and/or
battery.

As to Claims 6 and 39, Lyon discloses in Figures 1-6, wherein the base unit and

the mobile device and/or battery communicate with each other to transfer data (220).

As to Claims 7 and 40, Lyon discloses in Figures 1-6, wherein the base unit

includes a first set of coils (210) or wires for inductively charging or supplying power to

the mobile device and/or battery, and a separate antenna or second set of coils or wires
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for data transfer or verification or communication for regulation of power or voltage (243-
, 242).

As to Claim 41, Lyon discloses in Figures 1-6, wherein the coils or wires also

function as an antenna for data transfer (242,243).

As to Claims 10 and 43, Lyon discloses in Figures 1-6, wherein the base unit

stores charging or power requirements for mobile devices and/or batteries which can be
charged or powered by the charger or power supply.

Claim Rejections - 35 USC § 103
6. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

7. This application currently names joint inventors. In considering patentability of
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of
the various claims was commonly owned at the time any inventions covered therein
were made absent any evidence to the contrary. Applicant is advised of the obligation
under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was
not commonly owned at the time a later invention was made in order for the examiner to
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g)
prior art under 35 U.S.C. 103(a).

8. Claims 9, 13,15- 16 and 34-35 are rejected under 35 U.S.C. 103(a) as being

unpatentable over Lyon in view of Van Lerberghe (US 5,925,814) (hereinafter Van)
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As to Claims 9 and 13, Lyon discloses all of the Claim limitations except,

wherein the base unit includes a primary circuit having a switch means for switching the
primary coil on and off whenever the mobile device and/or battery is placed close to the
primary coil of the base unit or the presence of the mobile device and/or battery is to be
detected.

Van discloses in Figures 1-5, wherein the base unit includes a primary circuit
having a switch (28) means for switching the primary coil on and off whenever the
mobile device and/or battery is placed close to the primary coil of the base unit or the
presence of the mobile device and/or battery is to be detected
It would have been obvious to a person having ordinary skill in the art at the time of the
invention to add a switching means in Lyon charger as taught by Van in order to avoid
unnecessary power lose due to charging

As to Claim 15, Lyon in combination with Van discloses wherein the alternating
switching is periodically started and stopped to automatically detect a presence of a
mobile device and/or battery placed close to or aligned with the primary coil of the base
unit.

As to Claim 16, Lyon in combination with Van, wherein the presence of the mobile

device and/or battery placed close to or aligned with the primary coil of the base reunit
is detected by monitoring the current passing through the primary coil or the switching

means.
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As to Claim 34, Lyon in Combination with Van discloses, charging circuit having a

Zener diode, wherein the Zener diode clamps the voltage to the mobile device to a
predetermined maximum voltage.

As to Claim 35, Lyon in Combination with Van discloses, wherein the switch

means is 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 MOSFET

when the base unit detects a mobile device and/or battery placed close to or aligned
with the primary coil.

9. Claims 14, 17-18, 23-29, 37 and 42 are rejected under 35 U.S.C. 103(a) as
being unpatentable over Lyon in view of Hui (US 2005/0189910)

As to Claim 14, Lyon discloses all of the claim limitations except, wherein the

base unit includes multiple primary coils that can be used to simultaneously charge
multiple mobile devices and/or batteries.

Hui discloses in Figure 4(a), wherein the base unit includes multiple primary coils
that can be used to simultaneously charge multiple mobile devices and/or batteries.

It would have been obvious to a person having ordinary skill in the art at the time
of the invention to modify Lyon’s apparatus in order to charge different devices
simultaneously to minimize the time it takes to charge a plurality of electronic devices.

As to Claim 17, Hui discloses in Figure 4a, wherein the base unit is in the shape

generally of a pad and wherein the multiple primary coils are distributed within layers of

the pad.
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As to Claim 18, Hui discloses in Figure 4a, wherein the multiple primary coils can

move within their plane to more closely align with the secondary coil of a mobile device

and/or battery

As to Claim 23, Hui discloses wherein the cover surface of the base unit or pad
includes a decorative or non-slip surface.

As to Claim 24, Hui discloses wherein the base unit can be integrated into any of

briefcases, bags, carriers, or clothing.
As to Claim 25, Hui discloses wherein the base unit is integrated into a charging
kiosk for occasional charging of mobile devices.

As to Claim 26, Lyon in combination with Hui discloses, wherein one or more of

the primary coils are stacked to improve transfer efficiency.

As to Claim 27, Lyon in combination with Hui discloses, further comprising a

plurality of coils or wires, wherein the charger or power supply senses the location of the
mobile device and/or battery and activates a coil or wire near the mobile device and/or
battery to charge or provide power the mobile device and/or battery.

As to Claim 28, Lyon in combination with Hui discloses, wherein the charger or
power supply senses the location of the mobile device and/or battery by sensing a
change in a resonant circuit in the charger or power supply when the mobile device
and/or battery is nearby.

As to Claim 29, Lyon in combination with Hui discloses, wherein the mobile

device includes an inductively charged battery where a receiver for the inductive power
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is made of flexible PCB material and can be shaped into a curve to fit the battery, an
application or a device.

As to Claim 37, Lyon in combination with Hui discloses, board PCB layer of at

least two different sizes or shapes.

As to Claim 42, Lyon in combination with Hui discloses, wherein the data transfer
includes information about the presence of the mobile device and/or battery adjacent to
the charger or power supply.

10. Claim 19is rejected under 35 U.S.C. 103(a) as being unpatentable over Lyon in
view of Chen et. al. (US 6,331,744) (hereinafter Chen)

As to Claim 19,Lyon discloses all of the Claim limitations except, wherein a

magnet is placed at the center of each primary, wherein the magnet at the center of
each primary has a magnetic axis that is perpendicular to the plane of the coil, and
wherein one or more of the devices to be charged include a magnet at the center of
their receiver coil, so that the magnets in the devices and the magnets in the base are
oriented to attract each other when a coil in a mobile device and/or battery_is placed
directly on top of a coil in the base.

Chen discloses in Figure 2, wherein a magnet is placed at the center of each
primary, wherein the magnet at the center of each primary has a magnetic axis that is
perpendicular to the plane of the coil, and wherein one or more of the devices to be
charged include a magnet at the center of their receiver coil, so that the magnets in the
devices and the magnets in the base are oriented to attract each other when a coil in a

mobile device and/or battery is placed directly on top of a coil in the base.
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It would have been obvious to a person having ordinary skill in the art at the time
of the invention to add Magnetic material in Lyon’s charger as taught by Chen in order
to strength the inductive charging energy.

11.  Claims 20-21 are rejected under 35 U.S.C. 103(a) as being unpatentable over
Lyon in view of Fukuda et. al. (US 4,311,953)

As to Claims 20 and 21, Fukuda discloses in Column 1, lines 59-67, a charger

unit including solar and secondary battery.

It would have been obvious to a person having ordinary skill in the art at the time
of the invention to add Magnetic material in Lyon’s charger as taught by Chen in order
to strength the inductive charging energy.

12.  Claim 32is rejected under 35 U.S.C. 103(a) as being unpatentable over Lyon in
view of SUDO (US JP408000838)

As to Claim 32, Sudo discloses in the Abstract, wherein the mobile device is one of
a kitchen appliance or dish, or a toy that can receive power inductively from the charger
or power supply.

It would have been obvious to a person having ordinary skill in the art at the time
of the invention to use inductive charging of Lyon for vehicle toy as taught by Sudo to
extend battery life.

13. Claim 33 is rejected under 35 U.S.C. 103(a) as being unpatentable over Lyon in
view of Charych (US 6,798,716)

As to Claim 33, Charych discloses charging RFID tag battery, wherein the

mobile device is a charger for inductively charging active RFID batteries, including an
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active RFID tag which includes a battery such that the battery can be charged
inductively with the system.

It would have been obvious to a person having ordinary skill in the art at the time
of the invention to use inductive charging of Lyon for RFID batteries as taught by
Charych to extend battery life.

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to SAMUEL BERHANU whose telephone number is
(671)272-8430. The examiner can normally be reached on M-F.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Drew A. Dunn can be reached on 571-272-2312. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.
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/Samuel Berhanu/

Primary Examiner, Art Unit 2859

Page 1618 of 1718



Application No. Applicant(s)

, . , 13/115,811 PARTOVI ET AL.

Applicant-Initiated Interview Summary i i
Examiner Art Unit
SAMUEL BERHANU 2859

All participants (applicant, applicant’s representative, PTO personnel):

(1) SAMUEL BERHANU. (3) .

(2) Karl Kenna. (COM—

Date of Interview: 12 September 2013.

Type: [X Telephonic [ Video Conference
[] Personal [copy given to: [] applicant  [] applicant’s representative]

Exhibit shown or demonstration conducted: [] Yes No.
If Yes, brief description:

Issues Discussed []101 [J112 [J102 []103 [X]Others
(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)
Claim(s) discussed: 3-10.

Identification of prior art discussed: None.

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

It was agreed that a new action would be required with a new statutory deadline since the claims numbered 1-10 were
not acted upon or addressed.

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP
section 713.04). If a reply to the last Office action has already been filed, applicant is given a non-extendable period of the longer of one month or
thirty days from this interview date, or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the
interview

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of
the substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

[ Attachment

/Samuel Berhanu/
Primary Examiner, Art Unit 2859

U.S. Patent and Trademark Office
PTOL-413 (Rev. 8/11/2010) Interview Summary Paper No. 20130911
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Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews
Paragraph (b)

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C. 132)

37 CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. Itis the examiner’s responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
“Contents” section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant’s correspondence address
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:

— Application Number (Series Code and Serial Number)

—Name of applicant

—Name of examiner

—Date of interview

—Type of interview (telephonic, video-conference, or personal)

—Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)

—An indication whether or not an exhibit was shown or a demonstration conducted

— An identification of the specific prior art discussed

— Anindication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

—The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:

1) A brief description of the nature of any exhibit shown or any demonstration conducted,

2) an identification of the claims discussed,

3) an identification of the specific prior art discussed,

4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner,

5) a brief identification of the general thrust of the principal arguments presented to the examiner,

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

6) a general indication of any other pertinent matters discussed, and

7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by

the examiner.

Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record is not complete and
accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner’s version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, “Interview Record OK” on the
paper recording the substance of the interview along with the date and the examiner’s initials.
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Office Action Summary Examiner Art Unit
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-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)IXI Responsive to communication(s) filed on 25 May 2011.
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[1 An election was made by the applicant in response to a restriction requirement set forth during the interview on
__ ;therestriction requirement and election have been incorporated into this action.
4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

5)X Claim(s) 1-36is/are pending in the application.

ba) Of the above claim(s) _____is/are withdrawn from consideration.
6)[] Claim(s) ____is/are allowed.
7)X] Claim(s) 1-36 is/are rejected.
8)[] Claim(s) _____is/are objected to.
9)[ Claim(s) are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway
program at a participating intellectual property office for the corresponding application. For more information, please see
hitp/Awww . uspto.gov/patents/init_svents/pph/indsx.isp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers

10)[] The specification is objected to by the Examiner.
11)[X] The drawing(s) filed on 25 May 2011 is/are: a)[X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)J Al b)[JSome * ¢)[] None of:
1.[] Certified copies of the priority documents have been received.
2] Certified copies of the priority documents have been received in Application No. ___
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) Notice of References Cited (PTO-892) 3) D Interview Summary (PTO-413)
Paper No(s)/Mail Date.
2) D Information Disclosure Statement(s) (PTO/SB/08) 4) I:l Other:
Paper No(s)/Mail Date
U.S. Patent and Trademark Office
PTOL-326 (Rev. 09-12) Office Action Summary Part of Paper No./Mail Date 20130322
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DETAILED ACTION
Double Patenting

1. The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the “right to exclude” granted by a patent
and to prevent possible harassment by multiple assignees. A nonstatutory
obviousness-type double patenting rejection is appropriate where the conflicting claims
are not identical, but at least one examined application claim is not patentably distinct
from the reference claim(s) because the examined application claim is either anticipated
by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140
F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29
USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir.
1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422
F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163
USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on a nonstatutory
double patenting ground provided the conflicting application or patent either is shown to
be commonly owned with this application, or claims an invention made as a result of

activities undertaken within the scope of a joint research agreement.

Page 1625 of 1718



Application/Control Number: 13/115,811 Page 3
Art Unit: 2859

Effective January 1, 1994, a registered attorney or agent of record may sign a
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with
37 CFR 3.73(b).

2. Claims 1-36 are rejected on the ground of nonstatutory obviousness-type double
patenting as being unpatentable over claims 1-54 of U.S. Patent No. 7,952,322
Although the conflicting claims are not identical, they are not patentably distinct from
each other because, all the elements are mentioned explicitly or implicitly.

Claim Rejections - 35 USC § 102
3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or ‘in
public use or on sale in this country, more than one year prior to the date of application for patent in
the United States.

4. Claims 1-2, 11-12, 22, 30-31, 36, 38-41 and 43-44 are rejected under 35 U.S.C.
102(b) as being anticipated by Lyon (US 2004/0145342).

As to Claims 1, 11 and 43-44, Lyon discloses in Figures 1-6, a mobile device

and/or battery capable of being inductively powered or charged comprising:

a battery; (the load is electronic device operated by battery)

a receiver (204) for one of inductively powering the mobile device directly, and/or
charging the battery in the mobile device, wherein the receiver includes

a receiver coil(232) having generally planar shape, so that when a magnetic field is
applied in a direction generally perpendicularly to the receiver coil using induction from

a primary coil in a base unit, an electrical current is generated within the receiver coil
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and is used to power or charge the mobile device and/or battery, a regulator circuit (
that senses the current drawn from the receiver coil and regulates it to match one of
either a predefined value of voltage or current, or an appropriate power parameter of the
mobile device and/or battery as sensed by the regulator circuit; and wherein the
receiver is one of attached to or incorporated into or on the battery or the mobile device.

As to Claim 2, Lyon discloses in Figures 1-6, wherein the receiver is attached to

the shell of the mobile device or battery.

As to Claim 12, Lyon discloses in Figures 1-6, wherein one or more of the coils
are manufactured by one of printed circuit boards or by etching or stamping or forming
copper or other material and are manufactured to have a low resistance.

As to Claim 22, Lyon discloses in Figures 1-6, a data storage component for
storage of data, for subsequent transmission of data to or from the mobile device.

As to Claim 30, Lyon discloses in Figures 1-6, wherein the charger or power supply
is made in the shape of a cup, bowl, or other container and mobile devices and/or
batteries placed inside would be are charged or powered inductively.

As to Claim 31, Lyon discloses in Figures 1-6, wherein a plurality of modular
chargers or power supplies can be interconnected to form a single unit.

As to Claim 36, Lyon discloses in Figures 1-6, wherein, the mobile device includes
an after-market or field-replaceable battery pack compatible with an original battery
pack for the device, and wherein the matching secondary coil or coils within the mobile

device are incorporated into the after-market or field-replaceable battery pack.
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As to Claim 38, Lyon discloses in Figures 1-6, wherein two or more primary coils

or wires are activated at the same time to charge or power a mobile device and/or
battery.

As to Claim 39, Lyon discloses in Figures 1-6, wherein the base unit and the

mobile device and/or battery communicate with each other to transfer data (220).

As to Claim 40, Lyon discloses in Figures 1-6, wherein the base unit includes a

first set of coils (210) or wires for inductively charging or supplying power to the mobile
device and/or battery, and a separate antenna or second set of coils or wires for data
transfer or verification or communication for regulation of power or voltage (243-, 242).

As to Claim 41, Lyon discloses in Figures 1-6, wherein the coils or wires also

function as an antenna for data transfer (242,243).

As to Claim 43, Lyon discloses in Figures 1-6, wherein the base unit stores

charging or power requirements for mobile devices and/or batteries which can be
charged or powered by the charger or power supply.

Claim Rejections - 35 USC § 103
5. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary sKill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

6. This application currently names joint inventors. In considering patentability of
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of

the various claims was commonly owned at the time any inventions covered therein
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were made absent any evidence to the contrary. Applicant is advised of the obligation
under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was
not commonly owned at the time a later invention was made in order for the examiner to
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (9)
prior art under 35 U.S.C. 103(a).

7. Claims 13,15- 16 and 34-35 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Lyon in view of Van Lerberghe (US 5,925,814) (hereinafter Van)

As to Claim 13, Lyon discloses all of the Claim limitations except, wherein the

base unit includes a primary circuit having a switch means for switching the primary coil
on and off whenever the mobile device and/or battery is placed close to the primary coil
of the base unit or the presence of the mobile device and/or battery is to be detected.

Van discloses in Figures 1-5, wherein the base unit includes a primary circuit
having a switch (28) means for switching the primary coil on and off whenever the
mobile device and/or battery is placed close to the primary coil of the base unit or the
presence of the mobile device and/or battery is to be detected
It would have been obvious to a person having ordinary skill in the art at the time of the
invention to add a switching means in Lyon charger as taught by Van in order to avoid
unnecessary power lose due to charging

As to Claim 15, Lyon in combination with Van discloses wherein the alternating
switching is periodically started and stopped to automatically detect a presence of a
mobile device and/or battery placed close to or aligned with the primary coil of the base

unit.
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As to Claim 16, Lyon in combination with Van, wherein the presence of the mobile

device and/or battery placed close to or aligned with the primary coil of the base unit is
detected by monitoring the current passing through the primary coil or the switching
means.

As to Claim 34, Lyon in Combination with Van discloses, charging circuit having a

Zener diode, wherein the Zener diode clamps the voltage to
the mobile device to a predetermined maximum voltage.

As to Claim 35, Lyon in Combination with Van discloses, wherein the switch

means is 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 MOSFET

when the base unit detects a mobile device and/or battery placed close to or aligned
with the primary coil.

8. Claims 14, 17-18, 23-29, 37 and 42 are rejected under 35 U.S.C. 103(a) as
being unpatentable over Lyon in view of Hui (US 2005/0189910)

As to Claim 14, Lyon discloses all of the claim limitations except, wherein the
base unit includes multiple primary coils that can be used to simultaneously charge
multiple mobile devices and/or batteries.

Hui discloses in Figure 4(a), wherein the base unit includes multiple primary coils

that can be used to simultaneously charge multiple mobile devices and/or batteries.
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It would have been obvious to a person having ordinary skill in the art at the time
of the invention to modify Lyon’s apparatus in order to charge different devices
simultaneously to minimize the time it takes to charge a plurality of electronic devices.

As to Claim 17, Hui discloses in Figure 4a, wherein the base unit is in the shape

generally of a pad and wherein the multiple primary coils are distributed within layers of
the pad.

As to Claim 18, Hui discloses in Figure 4a, wherein the multiple primary coils can

move within their plane to more closely align with the secondary coil of a mobile device
and/or battery

As to Claim 23, Hui discloses wherein the cover surface of the base unit or pad

includes a decorative or non-slip surface.

As to Claim 24, Hui discloses wherein the base unit can be integrated into any of

briefcases, bags, carriers, or clothing.

As to Claim 25, Hui discloses wherein the base unit is integrated into a charging
kiosk for occasional charging of mobile devices.

As to Claim 26, Lyon in combination with Hui discloses, wherein one or more of
the primary coils are stacked to improve transfer efficiency.

As to Claim 27, Lyon in combination with Hui discloses, further comprising a
plurality of coils or wires, wherein the charger or power supply senses the location of the
mobile device and/or battery and activates a coil or wire near the mobile device and/or

battery to charge or provide power the mobile device and/or battery.
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As to Claim 28, Lyon in combination with Hui discloses, wherein the charger or

power supply senses the location of the mobile device and/or battery by sensing a
change in a resonant circuit in the charger or power supply when the mobile device
and/or battery is nearby.

As to Claim 29, Lyon in combination with Hui discloses, wherein the mobile
device includes an inductively charged battery where a receiver for the inductive power
is made of flexible PCB material and can be shaped into a curve to fit the battery, an
application or a device.

As to Claim 37, Lyon in combination with Hui discloses, board PCB layer of at

least two different sizes or shapes.

As to Claim 42, Lyon in combination with Hui discloses, wherein the data transfer
includes information about the presence of the mobile device and/or battery adjacent to
the charger or power supply.

9. Claim 19 is rejected under 35 U.S.C. 103(a) as being unpatentable over Lyon in
view of Chen et. al. (US 6,331,744) (hereinafter Chen)

As to Claim 19,Lyon discloses all of the Claim limitations except, wherein a
magnet is placed at the center of each primary, wherein the magnet at the center of
each primary has a magnetic axis that is perpendicular to the plane of the coil, and
wherein one or more of the devices to be charged include a magnet at the center of
their receiver coil, so that the magnets in the devices and the magnets in the base are
oriented to attract each other when a coil in a mobile device and/or battery_ is placed

directly on top of a coil in the base.
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Chen discloses in Figure 2, wherein a magnet is placed at the center of each
primary, wherein the magnet at the center of each primary has a magnetic axis that is
perpendicular to the plane of the coil, and wherein one or more of the devices to be
charged include a magnet at the center of their receiver coil, so that the magnets in the
devices and the magnets in the base are oriented to attract each other when a coil in a
mobile device and/or battery is placed directly on top of a coil in the base.

It would have been obvious to a person having ordinary skill in the art at the time
of the invention to add Magnetic material in Lyon’s charger as taught by Chen in order
to strength the inductive charging energy.

10.  Claims 20-21 are rejected under 35 U.S.C. 103(a) as being unpatentable over
Lyon in view of Fukuda et. al. (US 4,311,953)

As to Claims 20 and 21, Fukuda discloses in Column 1, lines 59-67, a charger

unit including solar and secondary battery.

It would have been obvious to a person having ordinary skill in the art at the time
of the invention to add Magnetic material in Lyon’s charger as taught by Chen in order
to strength the inductive charging energy.

11.  Claim 32 is rejected under 35 U.S.C. 103(a) as being unpatentable over Lyon in
view of SUDO (US JP408000838)

As to Claim 32, Sudo discloses in the Abstract, wherein the mobile device is one of
a kitchen appliance or dish, or a toy that can receive power inductively from the charger

or power supply.
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It would have been obvious to a person having ordinary skill in the art at the time
of the invention to use inductive charging of Lyon for vehicle toy as taught by Sudo to
extend battery life.

12.  Claim 33 is rejected under 35 U.S.C. 103(a) as being unpatentable over Lyon in
view of Charych (US 6,798,716)

As to Claim 33, Charych discloses charging RFID tag battery, wherein the

mobile device is a charger for inductively charging active RFID batteries, including an
active RFID tag which includes a battery such that the battery can be charged
inductively with the system.

It would have been obvious to a person having ordinary skill in the art at the time
of the invention to use inductive charging of Lyon for RFID batteries as taught by
Charych to extend battery life.

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to SAMUEL BERHANU whose telephone number is
(571)272-8430. The examiner can normally be reached on M-F.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Drew A. Dunn can be reached on 571-272-2312. The fax phone number for

the organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Samuel Berhanu/

Primary Examiner, Art Unit 2859
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DOCUMENT-IDENTIFIER: JP 08000838 A

PAT-NO: Jpr408000838A
DOCUMENT-IDENTIFIER: JP 08000838 A
TITLE: VEHICLE TOY OF

ELECTROMAGNETIC INDUCTION
CHARGING SYSTEM

PUBN-DATE: January 9, 1996

INVENTOR-INFORMATION:

NAME COUNTRY
SUDO, SHOHEI

ASSIGNEE-INFORMATION:

NAME COUNTRY
TAIYO KOGYO KK N/A

APPL-NO: JP06159687
APPL-DATE: June 20, 1994

INT-CL (IPC): A63H030/02

ABSTRACT:

PURPOSE: To easily, safely and surely perform
charging by eliminating any contact defect caused
by the damage or corrosion of a charger plug by
preventing a battery from being degraded in the
case of charging by providing an electromagnetic
induction charging means for charging the battery
built in the vehicle toy with electromagnetic
induction due to an external magnetic field.

file:///Cl/Documents%20and%20Settings/sberhanu/My%?2...13_2008-10-27_JP_08000838_A_M_AccessibleVersion.htm (1 of 2)10/27/2008 10:02:01 AM
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DOCUMENT-IDENTIFIER: JP 08000838 A

CONSTITUTION: First of all, when a connection
plug 25 is connected to a commercial power source
and a main switch 24 is turned on, power is
supplied to a charging stand 20. Next, when a main
body 10 of the vehicle toy is put on the charging
stand 20, a switch 23 is pushed down with a
projection at the lower part of a car body 11 and
turned on, a current flows through a charging
control part to a second induction coil 21 of the
charging stand 20, and an induction magnetic field
is generated. On the other hand, since a first
induction coil provided at the car body 11 put on
the charging stand 20 is made closer to the
position corresponding to the second induction
coil 21 of the charging stand 20, with the
magnetic field of this second induction coil 21,
an induction current is generated at the first
induction coil by the principle of electromagnetic
induction. This induction current is converted to
DC by a rectifier and charges the battery built in
the car body 11.

COPYRIGHT: (C)1996,JPO
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#

Hits

Search Query

DBs
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Operator

Plurals

Time
Stamp

S10

1191

((363/70) or (363/65) or
(363/67) or (363/69)).CCLS.

US-PGPUB; USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2009/08/14§
19:45 :

S11

646

(363/65).CCLS.

US-PGPUB; USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2009/08/14;
19:45

S13

273

S10 and battery

US-PGPUB; USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2009/08/14
20:06

S14

18

S$10 and (Puls$2 with battery)

US-PGPUB; USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2009/08/14
20:08

S15

S$10 and (Puls$2 with apply$4
with converter)

US-PGPUB; USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2009/08/14
20:13

S17

2105

(Puls$2 with apply$4 with
converter)

US-PGPUB; USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2009/08/14;
20:14

S18

29

(Puls$2 with apply$4 with
converter with battery)

US-PGPUB; USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2009/08/14
20:14

S19

11

(Appl$4 near Puls$2 with
converter with battery)

US-PGPUB; USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2009/08/ 14
20:24

S20

153

(DHay control$4 charger)

US-PGPUB; USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

WITH

ON

2009/08/14:
20:29

S22

10

(input delay time charger )

US-PGPUB; USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

WITH

ON

2009/08/14
21:01
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S25 i1 (input Manual$4 delay charger §US-PGPUB; USPAT; {jWITH ON 2009/08/14;
) USOCR; FPRS; 21:04
EPO; JPO;
DERWENT;
IBM_TDB
526 {2 (input near delay charger ) US-PGPUB; USPAT; {iWITH ON 2009/08/14
USOCR; FPRS; 21:04
EPO; JPO;
DERWENT;
IBM_TDB !
827 2 (input near delay with charger §US-PGPUB; USPAT; {WITH ON 2009/08/ 14}
) USOCR; FPRS; 21:08 :
EPO; JPO;
DERWENT;
IBM_TDB
28 2 (input near delay with charger {US-PGPUB; USPAT; iNEAR ON 2009/08/14!
) USOCR; FPRS; 21:06 :
EPO; JPO;
DERWENT;
IBM_TDB
S29 2 "US 20080180058" US-PGPUB; USPAT; {{OR ON 2009/08/14
USOCR; DERWENT 21:08
S30 {1 S29 and delay US-PGPUB; USPAT; {{OR ON 2009/08/14
USOCR; DERWENT 21:09
S31 {259 (schedule$4 period charg$4) {US-PGPUB; USPAT; i{WITH ON 2009/08/14!
USOCR; DERWENT 21:11
S32 {18429  1{("320").CLAS. US-PGPUB; USPAT; {OR OFF 2009/08/14
USOCR; FPRS; 21:11
EPO; JPO;
DERWENT;
IBM_TDB
S33 28 S31 and S32 US-PGPUB; USPAT; {OR ON 2009/08/14
USOCR; FPRS; 21:11
EPO; JPO;
DERWENT;
IBM_TDB !
36 43 (determin$4 magnitud$4 load {jUS-PGPUB; USPAT; {iWITH ON 2009/08/14:
first power source second) USOCR; FPRS; 22:07
EPO; JPO;
DERWENT;
IBM_TDB
S37 19 (determin$4 magnitud$4 US-PGPUB; USPAT; i{WITH ON 2009/08/14i
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DERWENT;
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source) DERWENT;
IBM_TDB
46 212 (Capacitor regulat$4 charging {US-PGPUB; USPAT; iWITH ON 2009/08/15
voltage battery) USOCR; FPRS; 09:55
EPO; JPO;
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DERWENT;
IBM_TDB

S51

4397937

(display or visual or audio or
LEd)

US-PGPUB; USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2009/08/ 15}
10:05

S52

398

(320/108).CCLS.

US-PGPUB; USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2009/08/15:
10:05

S53

175

S51 and Sh2

US-PGPUB; USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2009/08/15
10:05

S59

912

(320/150).0CLS.

US-PGPUB; USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2009/08/15;
10:32

S60

S59 and ( temperature with
control$4 with primary with
coil)

US-PGPUB; USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2009/08/15
10:32

S61

62

(overload$4 power supply
open$3 circuit breaker )

US-PGPUB; USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

WITH

ON

2009/08/15
17:54

S62

35

(overload$4 circuit breaker
vehicle )

US-PGPUB; USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

WITH

ON

2009/08/15}
17:56 i

S63

(overload$4 open$3 circuit
breaker vehicle )

US-PGPUB; USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

WITH

ON

2009/08/15!
17:56

S64

178

(overload$4 circuit breaker
advantage )

US-PGPUB; USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

WITH

ON

2009/08/15}
18:10

S65

("20040145342") .PN.

US-PGPUB; USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2009/08/15
18:53

S66

("5,925,814").PN.

US-PGPUB; USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2009/08/15:
18:58

3/23/2013 3:47:23 PM
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDIO.gOV

[ APPLICATIONNUMBER | FILING OR 371(C) DATE [ TIRSTNAMED APPLICANT | ATTY. DOCKET NO./TITLE
13/115,811 05/25/2011 Afshin Partovi AFPA-01007US1
CONFIRMATION NO. 4181
23910 PUBLICATION NOTICE

FLIESLER MEYER LLP

650 GALIFORNIA STREET ORI A OO
14TH FLOOR

SAN FRANCISCO, CA 94108

Title:INDUCTIVE POWER SOURCE AND CHARGING SYSTEM

Publication No.US-2011-0221385-A1
Publication Date:09/15/2011

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTQO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http:/www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDIO.gOV

M NOVBER I . F(::I)NI()}AO”;E O I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
13/115,811 05/25/2011 2858 878 AFPA-01007US1 36 3
CONFIRMATION NO. 4181
23910 FILING RECEIPT
FLIESLER MEYER LLP
650 CALIFORNIA STREET OO A
14TH FLOOR 000000048071938

SAN FRANCISCO, CA 94108
Date Mailed: 06/10/2011

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)

Afshin Partovi, Sunnyvale, CA;

Michael Sears, Ben Lomond, CA;
Assignment For Published Patent Application

MOJO MOBILITY, INC., SUNNYVALE, CA
Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 11/669,113 01/30/2007 PAT 7,952,322
which claims benefit of 60/763,816 01/31/2006
and claims benefit of 60/810,262 06/01/2006
and claims benefit of 60/810,298 06/01/2006
and claims benefit of 60/868,674 12/05/2006

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)

If Required, Foreign Filing License Granted: 06/07/2011

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/115,811

Projected Publication Date: 09/15/2011
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
page 1 of 3
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Title

INDUCTIVE POWER SOURCE AND CHARGING SYSTEM
Preliminary Class

320

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents”) for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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INDUCTIVE POWER SOURCE AND CHARGING SYSTEM

Copyright Notice
A portion of the disclosure of this patent document contains material
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 all
copyright rights whatsoever.

Claim of Priority:

[0001] This application is a continuation of U.S. Patent Application No. 11/669,113, titled
“INDUCTIVE POWER SOURCE AND CHARGING SYSTEM?”, filed January 30, 2007, which claims
the benefit of priority to U.S. Provisional Patent Application titled “PORTABLE INDUCTIVE POWER
SOURCE”, Application No. 60/763,816, filed January 31, 2006; U.S. Provisional Patent Application
titled “MOBILE DEVICE, CHARGER, AND POWER SUPPLY”, Application No. 60/810,262, filed
June 1, 2006; U.S. Provisional Patent Application titled “MOBILE DEVICE, BATTERY, CHARGING
SYSTEM, AND POWER SUPPLY SYSTEM”, Application No. 60/810,298, filed June 1, 2006; and
U.S. Provisional Patent Application titled “SYSTEM AND METHOD FOR PROVIDING AND USING
A PORTABLE INDUCTIVE POWER SOURCE”, Application No. 60/868,674, filed December 5,

2006; each of which applications are hereby incorporated by reference herein.

Field of the Invention:

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

particularly to a portable inductive power source.

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, personal digital assistants (PDAs), notebook computers, mobile email
devices, Blackberry devices, Bluetooth headsets, music players (for example, MP3 players), radios,
compact disk players, video game consoles, digital cameras, electric shavers, and electric
toothbrushes. Most of these devices include a rechargeable internal battery that must be first
charged by an external power supply or charger, before the device itself can be used. The power
supply typically provides direct current (DC) voltage through a special 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,
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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 appropriate charger
is available. This leads to loss of ability to use the device when desired or needed.

[0006] 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 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
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.

[0008] 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 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 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.
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[0009] Realizing that a power supply typically contains a transformer for voltage conversion,
another approach is to split the transformer into two parts: a first part can contain 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 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 example, an
electric toothbrush) and its charger/holder so that they fit 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.

[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 includes 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 secondary 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, in that most of the power in the primary is not picked up in the secondary,
and thus the overall power efficiency of the charger is very low. In addition, the magnetic cores
used for the primary and secondary 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 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 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
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charging electrical, electronic, battery-operated, mobile, and other devices 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 mobile or other device. The receiver may 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.

[0013] In some embodiments the receiver can also comprise electronic components or logic
to set the voltage and current to the appropriate levels required by the mobile device, or to
communicate 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 incorporate efficiency measures that
improve the efficiency of power transfer between the charger and receiver, and ultimately to the
mobile device. 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 embodiments can be incorporated into charging kiosks, automobiles, and other applications.

Brief Description of the Figures:

[0014] Figure 1 shows a pad using multiple receiver / energizer coils in accordance with an
embodiment of the invention.

[0015] Figure 2 shows a figure of a circuit diagram in accordance with an embodiment of
the invention.

[0016] Figure 3 shows a charging pad using multiple coils in accordance with an
embodiment of the invention..

[0017] Figure 4 shows a charging pad using multiple overlapping coil layers in accordance
with an embodiment of the invention.

[0018] Figure 5 shows the use of multiple coil types and sizes in overlapping pad layers in
accordance with an embodiment of the invention..

[0019] Figure 6 shows a receiver with an integrated battery in accordance with an
embodiment of the invention..

[0020] Figure 7 shows a coupling of receiver with a device to be charged in accordance
with an embodiment of the invention..

[0021] Figure 8 shows a pad allowing modular or multiple connectivity in accordance with
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an embodiment of the invention.

[0022] Figure 9 shows a figure of a circuit diagram in accordance with an embodiment of
the invention.

[0023] Figure 10 shows a figure of a circuit diagram in accordance with an embodiment of
the invention.

[0024] Figure 11 shows a figure of a circuit diagram in accordance with an embodiment of
the invention.

[0025] Figure 12 shows a figure of power transfer chart in accordance with an embodiment

of the invention.

[0026] Figure 13 shows a figure of a coil layout in accordance with an embodiment of the
invention.
[0027] Figure 14 shows a figure of a coil layout in accordance with an embodiment of the
invention.
[0028] Figure 15 shows a figure of a charging pad with multiple coils in accordance with an

embodiment of the invention.

[0029] Figure 16 shows a figure of a charging pad with movable coils in accordance with an
embodiment of the invention.

[0030] Figure 17 shows a figure of a circuit diagram in accordance with an embodiment of
the invention.

[0031] Figure 18 shows an illustration of a means of stacking coils, in accordance with an
embodiment of the invention.

[0032] Figure 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.
[0033] Figure 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.

[0034] Figure 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.

[0035] Figure 22 shows an illustration of a kiosk that incorporates an inductive charger unit

in accordance with an embodiment of the invention.

Detailed Description:

[0036] 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 first part is a pad or similar
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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 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 field 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
field, and rectify it to produce a direct current (DC) voltage, which is then used to charge or power
the device.

[0037] In some embodiments the receiver can also comprise electronic 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 functionality such as communication of data stored in the electronic device (for example,
digital images stored in cameras, telephone numbers in cell phones, songs in MP3 players) or data
into the device.

[0038] Embodiments can also incorporate efficiency measures that improve the efficiency 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 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 load, with the result being greater efficiency.
[0039] 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 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
efficiency.

[0040] 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
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