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TITLE: INTEGRATED RESONANT POWER CHARGING AND

COMMUNICATION CHANNEL

INVENTORS

James D. Bennett

SPECIFICATION

BACKGROUND

1. Technical Field

The present invention relates generally to charging a rechargeable battery of an
electronic gadget without interrupting its normal functionality.

2. Related Arts

All electronic devices need power to operate and they include a power supply. Mobile
devices such as laptops and cell phones include a rechargeable battery that gets charged when
the devices are plugged into a power socket. Rechargeable batteries need to be charged up
regularly to keep the devices operational. Other types of gadgets also run on battery power, and
these batteries have finite battery life even when completely charged — lasting a few hours at he
most after being charged, before they need to be charged again. Often, users using mobile
devices suffer from inaccessibility of electric power in the remote geographic locations. In this
situation, the depleted battery in the devices need to be changed to a new charged battery to
continu¢ being operational. In some such situations, a user’s mission critical tasks get
terminated prematurely due to depletion of power in the batteries of devices being used and the
unavailability of power supplies in proximity.

Users of electronic devices carry power cables just in case they need to recharge their
batteries. Such power cables are often misplaced or get lost, inconveniencing the users. Quite

often, these cables are device specific and one cannot be used in place of another. Also,
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currently there are no methods that address the issue of battery recharging in the absence of
power strips or power outlets that a user can plug a device into for recharging. Recharging a
battery often requires human intervention and inconvenience and expense to the human user.

In some of the critical applications such as military and emergency (for e.g. medical
application) operations, it becomes a dangerous, if not disastrous to stop an ongoing activity /
operation just to power up / recharge devices. Requiring a user to carry backup batteries not
only incurs expenses but also takes up additional space. Also such an approach that requires
additional equipment is expensive, clumsy and inefficient for the deployment of highly mobile
services - quite often the size of the batteries required are large.

A limitation on the usage of electronic devices with rechargeable batteries is the need to
recharge the batteries often to keep the devices in operational conditions. For the operational
continuity of these devices, users often carry additional batteries. The battery recharging
operation is typically dependent on the availability of the electric supply, and to the availability
of compatible power sockets.

Some clectronic devices employ solar power for recharging batteries or for power
supply in remote places where there is no conventional electric power supplies. Solar panels
suffer from the limitation of being viable only during daylight hours when the sky is clear.
There are locations on earth which receives sunlight only for part of the year, or never. In such
places solar energy will not be a right alternative for battery recharge operations.

The use of most naturally available solar energy is limited to geographic location where
sun is visible for significant amount of time during a day. This is not so in most geographical
locations and during different seasons of the year. So these issues make the freely and

abundantly available solar energy, a less useful source of energy for most of the portable
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devices that provide an uninterrupted service.

The use of radio waves or electromagnetic waves for wireless power transmission has
been limited for various reasons. For example, an optimum power density at the receiver is
very difficult to achieve in general from electromagnetic radiations.

Further limitations and disadvantages of conventional and traditional approaches will
become apparent to one of ordinary skill in the art through comparison of such systems with the
present invention.

BRIEF SUMMARY OF THE INVENTION

The present invention is directed to apparatus and methods of operation that are further
described in the following Brief Description of the Drawings, the Detailed Description of the
Invention, and the claims. Other features and advantages of the present invention will become
apparent from the following detailed description of the invention made with reference to the

accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a wireless power delivery system comprising a power
transmitting unit and a target clectronic device, wherein power is delivered wirelessly
employing magnetic waves;

FIG. 2 is a block diagram of a power transmitting network that employs resonant
magnetic coupling for wireless power transfer from a power source to a magnetic resonant
target device, in accordance with another embodiment of the present invention;

FIG. 3 is a flowchart of an exemplary resonant power transfer operation performed
using the power system of Fig. 1 wherein a wireless power transmitting unit transmits power to
the target electronic device in accordance with an embodiment of the present invention;

FIG. 4 is a block diagram of an exemplary embodiment of the magnetic resonant power
charging circuitry of Fig. 2 that is used to transmit power to multiple target devices located in a
current direction of a non-radiated magnetic field / beam;

FIG. 5 is a perspective block diagram representation of the target device authenticator of
Fig. 1 (and Fig. 2) which identifies and authenticates each of target devices using their unique
identity during wireless resonant power charging operation in accordance with the present
invention;

FIG. 6 is the block diagram of an exemplary resonant power charging module of Fig. 1
which receives power on a single frequency on a wireless power & communication channel in
accordance with one embodiment of the present invention;

FIG. 7 is the block diagram of another exemplary target device magnetic resonant power

charging module used in a target device;
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FIG. 8 is an expanded block diagram of one embodiment of a target electronic device of
Fig. 1 receiving the power signal using the resonant power charging module; and

FIG. 9 is a flowchart describing the action performed by the target device power
manager of Fig. 1 and Fig. 2 during the resonant power charging operation, in accordance with

the present invention.
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DETAILED DESCRIPTION OF THE DRAWINGS

As a portability requirement, most portable electronic devices operate on power
supplied by a inbuilt battery supply. The amount of power drawn by the electronic circuits in
these devices determines battery life. This imposes an immediate limitation on the usage of
these devices, that of recharging the batteries often to keep the devices in operational
conditions. For the operational continuity of these devices, users often carry additional
batteries. The battery recharging operation is typically dependent on the availability of the
clectric supply, and to the availability of compatible power sockets. The present invention
removes these dependencies and inconveniences by providing new wireless means to charge
batteries. For example, it provides a power transmission unit that employs magnetic means,
such as non-radiated magnetic field waves of a target frequency, to power remote devices that
are in proximity and capable of receiving power transmitted as non-radiated magnetic fields.
The present invention provides for automatic initiation of battery recharge operations, wherein
recharge can occur without interruption to current operations being conducted on the remote
devices. Operationally uninterrupted in-situ charging of the batteries is an elegant solution
irrespective the availability of the conventional electricity. The present invention overcomes the
limitations of solar energy —that of requiring the availability of sunlight.

The solution provided by the present invention is very elegant as a solution to all the
aforementioned battery power issues for mobile devices. The present invention deals with the
battery power charging in-situ from a remote power source (station) wirelessly using radiated
magnetic power or non-radiated magnetic fields. This approach of recharging a battery in
remote devices is applicable to fairly long distance between a power source and a target device

i.e. the gadget having rechargeable battery in it. In some embodiments of the present invention
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the delivery of power is conducted through high frequency resonant magnetic coupling between
a power source and a target device, the target device being an electronic device that runs on a
portable rechargeable battery embedded in it.

In typical embodiments of the present invention for wireless power transfer, the power
source and the target device are tuned to the same frequency. This results in magnetic resonance
in the target device for power transmitted by the power source, with air as the medium for
power transfer.

In accordance with one embodiment of the present invention, the high frequency
magnetic coupling between a power transmitting unit and a target device enables the power
transfer. The magnetic field is directed towards the target device by properly shaping the
magnetic generating coil / solenoid. This system works on the transformer principle but with air
core and across a greater distance. Also in this setup the power transfer is relatively significant
compared to the resonant power transfer using RF electromagnetic signal due relatively close
proximity of the power source with the target device and the use of a common frequency
between the power transmitting unit and a target device.

In another embodiment of the present invention, radiated magnetic signals/ fields from
the power source is received by an antenna of the target device. The received signal charges
capacitors through diodes at the target device. An array of such capacitors is connected in series
using a plurality of diodes. This array of capacitors and plurality of diodes helps in rectification
of AC (alternating current) to DC (direct current), subsequently amplifying the rectified DC
voltage to a larger value. The resulting large voltage is used to charge a rechargeable battery in

the target device.
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A power / voltage sensing mechanism helps to control the power / voltage of the
charging battery, in accordance with the present invention. A low voltage limit /low power
level sensing circuitry in a target device initiates a power request with the power transmission
unit (sometimes referred to as a wireless power station). A high voltage limit / high power level
sensing circuitry senses the maximum allowable battery voltage or power level during charging.
Once the battery is charged to a maximum level, the high voltage sensing circuitry initiates a
termination of power delivery, such as by communicating a request for the power transmission
unit (power station) to cutoff the power, by terminating the wireless transmission of magnetic
fields (radiated or non-radiated, as the case may be) / magnetic resonant power transmissions.

An authorization module on the target device initiates authentication of the target device
to receive resonant power from the power transmission unit. For example, such authentication
is done based on the information that the authorization module shares with the power
transmission unit. Specifically, in one embodiment, the authentication is conducted based on
the comparison of an authentication information sent by the authorization module with other
information available in an authentication database in the power transmission unit.

FIG. 1 is a block diagram of a wireless power delivery system 101 comprising a power
transmitting unit 103 and a target electronic device 115, wherein power is delivered wirelessly
employing magnetic waves. The power delivery system 101 is used to deliver electric power to
one or more target devices, and the target devices use the delivered power for operation or for
recharging a battery or both. The power delivery system 101 comprises the power transmitting
unit 103, the target electronic device 115, and other target devices capable of receiving power
being transmitted. The power transmitting unit 103 comprises a power source 105 capable of

generating power for power transmission and a sending resonant coupling component 131
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capable of power transmission employing magnetic waves, such as a non-radiated magnetic
field waves of a specified target frequency. It also comprises a source power manager 107 and
a target device authenticator 109. The power transmitting unit 103 is capable of dynamically
tuning the power transmission to the target frequency associated with the target electronic
device 115, wherein the target frequency is specified dynamically.

The target electronic device 115 comprises a resonant power charging module 117, a
user authorization module 121, a source resonant frequency selector 123, a communication
module 125 and a target device power manager 127. The resonant power charging module 117
comprises a receiving resonant coupling component 141, a power charging controller 119 and a
rechargeable battery 129. The receiving resonant coupling component 141, also sometimes
referred to as a receiving resonant charging component, is used to receive the power
transmissions provided by the power transmitting unit 113 employing the target frequency.
The target electronic device 115 employs the received power for operation of the target
electronic device 115 as well as for charging the rechargeable battery 129 in the target
electronic device 115. The power delivery system 101 employs the sending resonant coupling
component 113 of the power transmitting unit 103 to generate magnetic fields that are used to
transmit power to the target devices, such as the target electronic device 115. Typically, the
sending resonant coupling component 113 comprises a resonant coil that fills the space around
it with a non-radiated magnetic field oscillating at the target frequency that is received by the
target electronic device 115 employing the receiving resonant coupling component 141.

The power transmitting unit 103 comprising the power source 105, and the target
electronic device 115 are communicatively coupled with each other during the resonant power

delivery from the power source 105 to the target electronic device 115. The resonant coupling is
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achieved wirelessly using a ‘wireless field” 111, which is non-radiated magnetic field in some
embodiments. The ‘wireless field’ 111 is the power delivery channel and a ‘wireless link’ 113
is the control signal channel. In one embodiment of the present invention communicating the
power and a control signal are conducted employing the same frequency, or in other words, on
the same channel, i.c. the wireless field 111 and the wireless link 113 are combined. In another
embodiment the power link (such as the magnetic field), the control signal, and the normal
communication (i.e. the normal function) operation takes place in separate channels. For e.g.
the power transmitting unit 103 is implemented in the base station of a mobile phone, where the
normal communication operations with the mobile phone (from the base station), resonant
power delivery, and the control signal transmission are all conducted between the mobile phone
(as a target electronic device) and the base station employing different channels.

The power source 105 is a module which generates the required power to be transmitted
in a non-radiated magnetic or radiated magnetic mode, employing an essentially ‘wireless
means’ 111. The power source 105 provides power to the sending resonant coupling
component 131 which transmits it, for example, creating a non-radiated magnetic field. A
source power manager 107 manages the wireless power transmission.

In one embodiment, the power source 105 generates RF signal that is sufficiently power
amplified and radiated using highly directional antenna in the direction of the target device 115.
In a different embodiment, the required directionality for the power transmitted is achieved
using an antenna array or a dish antenna, as appropriate.

The resonant power charging module 117 of the target electronic device 115 comprises

the receiving resonant coupling component 141 that is capable of receiving the transmitted
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power. In one embodiment, receiving resonant coupling component 141 comprises a resonating
coil and associated tuning elements such as capacitors.

Isolation of the resonating circuitry of the receiving resonant coupling component 141
from other internal circuitry of the target electronic device 115 is supported, such as by the use
of a buffer (isolation) amplifier, a diode, and capacitor voltage multiplier. In a related
embodiment, the diode and the capacitor voltage multiplier are part of the resonating (antenna)
circuitry of the receiving resonant coupling component 141. The required high quality factor
and the resonant effect are achieved through the right choice of the diode, the capacitors, etc.

In one embodiment, voltage multipliers in the resonant power charging module 117
builds up the required voltage across a capacitor array to achieve the recharging of the
rechargeable battery 129 of the target electronic device 115. During the process of power
charging the power charging controller 119 regulates the clectric charge that flows into the
rechargeable battery 129. The power charging controller 119 of the resonant power charging
module 117 senses the battery voltage for its high voltage limit or the low voltage limits to stop
charging or start charging, respectively. The high voltage limit protects the battery and the low
voltage limit initiates a resonant power request that results in the subsequent battery charging
operation.

The user authorization module 121 facilitates the authentication of the target electronic
device 115, for resonant power delivery, with the target device authenticator 109 of the power
transmitting unit 103. During resonant power delivery the user authorization module 121
exchanges the authentication information with the power transmitting unit 103. The power
transmitting unit 103 compares the information (or a computed value thereof) with the

subscriber’s information in its database accessed by the target device authenticator 109. If the
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match is determined, then resonant power delivery is initiated. The authentication is followed
by optional frequency selection and directional adjustments of a non-radiated magnetic field in
the direction of the target electronic device 115. In a related embodiment, the magnetic field
steering is done based on the analysis of the determined or perceived location (egg. employing
arrival direction) of the target electronic device 115.

The source resonant frequency selector 123 provides a tuning mechanism in order to
achieve the required resonant coupling effect. For example, it facilitates the tuning of
capacitors where capacitors are used for tuning. Some tuning capacitors are voltage controlled,
and they are basically, diode varactors. The tuning voltage is automatically adjusted to achieve
the optimum reception from an antenna/ resonant coupling mechanism such as coils.

The communicating module 125 facilitates the normal communication functionality of
the target electronic device 115. It consumes the battery power when powered using the
rechargeable battery 129. The power control communication that takes place between the target
electronic device 115 and the power transmitting unit 103 during the resonant charging request,
etc. is also performed using the communication module 125. A power control signal exchange
operation is required for the authentication of the target electronic device 115 before a
successful resonant power delivery. The target device power manager 127 manages the battery
level of the rechargeable battery 129 by regulating the battery discharge and by initiating
resonant power charge operation. For example, it monitors the battery level of the rechargeable
battery 129 and initiates its recharge employing power delivered via resonant magnetic field.

In general, the battery charge (power in the battery) of the rechargeable battery 129 has
to be replenished before the battery voltage falls below a threshold limit or before its power

level falls below an acceptable level. If the battery voltage falls below a threshold limit, the
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critical part of the target electronic device 115 is likely to loose power supply, because the
battery fails to operate. This situation is avoided with constant monitoring of battery levels and
automatic triggering of recharge operations. Thus battery recharging and voltage restoration is
automated and does not require any human intervention charge the rechargeable battery 129.
The target device power manager 127 facilitates battery level monitoring and automatic
recharge triggering.

The target device power manager 127 tracks the total charging time, amount of charge
delivered, etc. The amount of charge acquired by the rechargeable battery 129 is communicated
to the power transmission unit 103. The source power manager 107 conducts similar
monitoring function associated with power management from the power transmitting unit 103.
The target device authenticator 109 authenticates the resonant power requests made by the
target electronic device 115, and works in coordination with the user authorization module 121
of the target electronic device 115.

In one embodiment, a rechargeable electronic device, such as the target electronic
device 115, typically comprises the rechargeable battery 129. The rechargeable electronic
device authenticates with the power transmitting unit 103 and receives a token that is used for
subsequent communication and power charging (in one or more charging sessions). The
rechargeable electronic device requests the power transmission unit 103 for power, with the
power to be transmitted employing non-radiated magnetic field waves of a target frequency.
The rechargeable electronic device 115 receives power transmitted over non-radiated magnetic
field waves of the target frequency from the power transmission unit 103. It recharges the

rechargeable battery 129 of the rechargeable electronic device 115.
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FIG. 2 is a block diagram of a power transmitting network that employs resonant
magnetic coupling for wireless power transfer from a power source 203 to a magnetic resonant
target device 211, in accordance with another embodiment of the present invention. The power
source 203 includes a magnetic resonant power charging circuitry 205, a source power manger
207, and a target device authenticator 209. The magnetic resonant power charging circuitry 205
comprises a magnetic field source (such as coupling circuitry) and power generator / amplifier
to generate a magnetic field and to power amplify that field, respectively. The power amplified
magnetic field is used to setup a magnetic field in air using a solenoid (or a coil) as indicated by
a plurality of magnetic filed lines 225, 227, and 229. These magnetic lines 225-229 are coupled
with a magnetic resonant power charging module 213 of the magnetic resonant target device
211.

In one embodiment, a magnetic resonant power charging circuitry 213 converts the time
varying magnetic flux linkages to the induced voltage across a resonating coil associated with a
plurality of diodes, and a plurality of (special) capacitors. The voltage that is developed across
the coil is rectified into DC form and stored in a special capacitor bank (array) resulting in
voltage multiplier action. When the voltage across the voltage multiplier builds up gradually
over several magnetic flux cycles to a required level the rechargeable battery 233 starts
charging. The power charging controller 215 controls the power charging operation of a
rechargeable battery 233 in the magnetic resonant target device 211.

The power charging controller 215 senses the low voltage limit and high voltage limit of
the rechargeable battery 233. When the voltage levels falls below the preset low voltage limit
the power charging controller 215 issues signal to the target device power manager 223. In

response, the target device power manager 223 sends a power request to the power source 203.
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The power source 203 then sets up the necessary magnetic field / flux in the air for wireless
power transmission. In the meantime the magnetic resonant target device 211 starts receiving
the electric power converted from the magnetic flux linkages received by a coil associated with
the magnetic resonant power charging circuitry 213. In one embodiment, the received magnetic
power is converted into induced electric power, and then to a DC power using a rectifier and
capacitor array. The DC power is used to charge the ‘rechargeable battery’ 233 when the
voltage across the capacitor array builds up to a battery charging limit.

The source power manager 207 ensures adequate magnetic power level required to setup
magnetic flux. Also it facilitates focusing magnetic flux lines 225-229 in one particular
direction, if necessary, so that the magnetic resonant target device 211 will have an effective
coupling with the power source 203.

The target device authenticator 209 receives the identity of the magnetic resonant target
device 211 and verifies a user’s authentication or user’s subscription to a power charging
service. The user authorization module 219 provides the identity information of the magnetic
resonant target device 211 and information about a subscription if any (if necessary). The
confirmation of the user’s subscription is conducted by comparing information available with
the target device authenticator 209 (or a database maintained or accessed by it) with the
information provided by the user authorization module 219.

The target device power manager 223 initiates a power request using a wireless link 231
between the power source 203 and the magnetic resonant target device 211. The power
charging controller 215 provides information periodically during the resonant power charging
to the target device power manager 223. The target device power manager 223 communicates

with the power source 203 during the resonant power charging activity so as to provide
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continued verification of access — the power source 203 can therefore eliminate / avoid
unauthorized power access (by an unauthorized device).

The source resonant frequency selector 217 helps in making fine adjustments to the
resonant operation, with synchronization to the incoming power signal frequency. This is very
essential for effective coupling between the power source 203 and the magnetic resonant target
device 211 for an efficient resonant power transfer.

An user authorization module 219 delivers the identity of the magnetic resonant target
device 211 to the power source 203, as necessary. The identity is sent on the ‘wireless link’
231. This information is processed by the target device authenticator 209. On confirming the
identity of the magnetic resonant target device 211 the power source 203 delivers the resonant
power signal. In one embodiment, different frequencies are assigned to a plurality of the
magnetic resonant target devices. The assigned frequency value is configured into the magnetic
resonant target device 211. Sending of this information to power source 203 with a request for
power helps in resonant locking / effective resonant coupling by the power source 203 with
magnetic resonant target device 211.

The communication module 221 comprises a circuit that sets up communication for the
control operation between the magnetic resonant target device 211 and the power source 203.
For example, it communicates with the power source 203 on the standard pre-assigned
frequency using the wireless link 231.

FIG. 3 is a flowchart of an exemplary resonant power transfer operation performed
using the power system of Fig. 1 wherein a wireless power transmitting unit 103 transmits
power to the target electronic device 115 in accordance with an embodiment of the present

invention. At a start block 303 the target electronic device 115 of Fig. 1 determines that power
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needs to be charged into the rechargeable battery 129. Then, at a next block 305, the target
electronic device 115 communicates a request for resonant power signal to the power
transmitting unit 103. During this step the target electronic device 115 sends its identity and its
(tuned) resonant frequency information to the power transmitting unit 103. At a next block 307
the power transmission unit 103 requests the current power level, billing information, etc. from
the target electronic device 115.

In response to the request made at the block 307, the target electronic device 115 sends
the requested information to the power transmitting unit 103 in the next block 309.

The power transmitting unit 103 then generates power employing the requested resonant
frequency and delivers it in the form of magnetic field / waves at the next block 311. In one
embodiment, the magnetic field is in non-radiated mode, while in another, it is in radiated
mode. The power transmitting unit 103 and the target electronic device 115 periodically
exchange information on the current status of the battery charge during the resonant battery
charge operation at the next block 313.

When the battery is charged completely (fully charged) the target electronic device 115
communicates this status so that the power transmitting unit 103 can disconnect the power
transmission (magnetic coupling). At this point of time the power transmitting unit 103 has the
details of the amount of power delivered to the target electronic device 115. This information is
used for metering and subsequent billing. The resonant power charge operation ends at the next
block 317.

FIG. 4 is a block diagram of an exemplary embodiment of the magnetic resonant power
charging circuitry 205 of Fig. 2 that is used to transmit power to multiple target devices located

in a current direction of a non-radiated magnetic field / beam. Each of the target devices use
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randomly generated unique token for an authenticity check in accordance with one embodiment
of the present invention. The magnetic resonant power charging circuitry 403, in addition to a
resonant coupling circuitry 405 and a power generator circuitry 421, comprises a token
generator 407, a transmit signal frequency synthesizer 413, a transmit signal power manager
415, and a transmit resonant frequency controller 417.

If two or more target devices receive power on a same resonant frequency then the
power source 203 has to manage the power delivery by generating a unique token for each of
the target devices so as to track individual power consumption / delivery. The exchange of a
token between the target device and the power source 203 authorizes that target device for
receiving the power delivery on the same / common power resonant frequency. This technique
helps when the multiple target devices are charging from a same / common magnetic resonant
field / beam. During the resonant power delivery session the power source 203 and an
individual target device, such as the magnetic resonant target device 211, synchronize token and
related authentication information to authenticate a target device as a legitimate power receiver.
This token based resonant power delivery can be used to serve all the target devices
simultaneously.

During configuration of a target device for power delivery, a generated token is
communicated to the target device 211 employing encryption for security, confidentiality and
non-repudiation. The decryption of the generated token at the target device requires a key that is
communicated out-of-band or generated using a key generation technique. For example, in one
embodiment, the key is generated in the target device employing a seed provided for generating
keys using a random seed generator 411, the same seed being used by the pseudo random key

generator 409 to generate the key in the token generator 407.
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The seed may be pre-configured in the target device or set initially by the user or the
system. This key is thus generated in the target device or otherwise received as part of a
configuration. In a related embodiment, a different key is generated for each communication /
charging session using a seed provided to the target device. The key is generated in the target
device randomly by using the seed sent by the random seed generator 411 of the magnetic
resonant power charging circuitry 403.

The transmit signal frequency synthesizer 413 synthesizes stable reference frequency for
magnetic coupling. In one embodiment, all other frequencies used for power delivery are a
function of this stable frequency. The power level of the synthesized signal is managed by the
transmit signal power manager 415 so as to adequate power level is delivered. It also manages
power delivery in a particular pattern or beam form. The power level of the magnetic field
which is resonant coupled with the target device 211, 115 is sensed and amplified to a power
level that is adequate for transmission to a maximum range. This functionality of the power
level management is provided by the transmit signal power manager 415.

The transmit resonant frequency controller 417 ensures that the magnetic power
resonant field that charges the rechargeable battery of the target device 211, 215 is always
stable. If for some reasons, the frequency drifts, then an automatic frequency controller
mechanism is initiated to correct the magnetic coupling field frequency to its original
predefined value.

FIG. 5 is a perspective block diagram representation of the target device authenticator of
Fig. 1 (and Fig. 2) which identifies and authenticates each of target devices using their unique
identity during wireless resonant power charging operation in accordance with the present

invention. The target device authenticator 503 consists of a target device identification database
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507, a communication protocol setup circuitry 509, a target device power metering circuitry 511
and a target device billing unit 513.

The target device identification database 507 consists of the information of all
subscribers who have subscribed with the power source 203 of Fig. 2. Typically the database
information contains a pre-assigned identification number of the target device, relevant personal
details of the user, a preferred magnetic resonant frequency for the target device, etc. When the
target device 211 communicates with the power source 203 during the power request it also
sends it identity information so that the power source 203 cross-verifies with its target device
identification database 507 contents. If the communicated information matches the database
507 contents then the resonant power delivery is initiated.

In one embodiment of the present invention the target device 211 tries to communicate
with the power source 203 on its control channel 231 after setting up a communication protocol
using the communication protocol setup circuitry 509. This circuitry sets up the target device
211 to communicate with the power source 103. This is required because, in general, the target
device 211 performs some regular functionality other than charging, and in order to initiate the
specific communication of the control operation for power transmission with the power source
203, it needs to be configured and it may require a protocol setup.

The target device power metering circuitry 511 records the resonant power delivered to
the target device 115, 211. This module is also coordinated with the source power manager 107,
207 during the resonant source power delivery. It essentially monitors the total battery charging
duration at a possible rate of power delivery. The target device billing unit 513 performs the
billing functionality for the service provided by the power source 203 to the target device 115,

211.

20

InductEV, Inc.
Exhibit 1006
Page 020



10

15

20

ATTY. DOCKET NO. BP7193

FIG. 6 is the block diagram of an exemplary resonant power charging module 117 of
Fig. 1 which receives power on a single frequency on a wireless power & communication
channel 111 in accordance with one embodiment of the present invention. The target device
resonant power charging module 603 consists of a receiving resonant coupling component 625,
a resonant frequency seeking module 605, a target device authentication module 607, a power
charging circuitry 609, a power request module 611 and a power charging controller 619.

The receiving resonant coupling component 625 facilitates magnetic coupling, such as
for non-radiated magnetic fields that are used for wireless power transmission. It has the
antenna, tuning e¢lements, etc. needed for coupling. The resonant frequency seeking module
605 tries to receive optimum incoming power signal by proper coupling by way of tuning the
frequency of magnetic coupling. The maximization of the power signal reception is achieved by
the automatic tuning of the resonant coupling circuit component, so that the tuning matches
with the incoming magnetic field power frequency. Also the quality factor of the tuning
elements is maximized by appropriately biasing the active devices to the low resistive region of
operation.

The target device authentication module 607 communicates with the power transmitting
unit 103 or the power source 203 periodically to authenticate itself with it. The target device
authenticator 109 of Fig. 1 and the target device authentication module 607 coordinate with
each other in the process of resonant power transfer. The target device authenticator 109
identifies the target device by comparing the identity data received with the subscription data
stored in the database 507 of Fig. 5.

The power charging circuitry 609 is the actual power signal charging circuitry that can

charge a rechargeable battery or provide power for the operation of the target device. It provides
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DC rectifier diodes, capacitor array, battery charge control circuitry, voltage sensor circuitry,
and the voltage regulation circuitry, as needed.

The receiving resonant coupling component 625 (such as an antenna coil) is part of the
power charging circuitry 609, in one embodiment of the present invention. Automatic tuning is
achieved, such as using the varactor diode by controlling its bias voltage appropriately which
works as a variable capacitor. If the rectifier/voltage multiplier circuit is not a part of the
receiving resonant coupling component 625, then isolation between the resonant circuit and
diode/capacitor voltage multiplier circuit is required for a sharp tuning with the incoming power
signal, which is provided by the power charging circuitry 609.

A power request module 611 is coordinated by the voltage sensing circuitry. When the
voltage falls below a preset value the power request module 611 communicates with the power
source 203, or the nearest power transmitting unit to the current location of target device.
Subsequent to the power request made by the power request module 611 the resonant power
delivery starts.

The power charging controller 619 helps in maintaining the rechargeable battery charge
at a safer limit for a smooth functioning of the target device 115, 211. The power charging
controller 619 has a low voltage sensor 621 and a high voltage sensor 623. The low voltage
sensor 621 monitor the low voltage limit of the rechargeable battery and the high voltage sensor
623 monitor the high voltage limit.

FIG. 7 is the block diagram of another exemplary target device magnetic resonant power
charging module 703 used in a target device. It is used which in target devices to receive power
through high frequency magnetic flux coupling resulting from the resonant magnetic fields of a

particular frequency provided by a power source, in accordance with the present invention. The
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target device’s magnetic resonant power charging module 703 consists of a magnetic resonant
power charging controller circuitry 717 that comprises a resonating receiving coil 705, a
magnetic resonant target device authentication module 707, a magnetic resonant frequency
seeking module 709, a magnetic resonant battery charging circuit 711, a low voltage sensor
719, and a high voltage sensor 721.

The resonating receiving coil 705 is the coil on the magnetic resonant target device 211,
capable of coupling with high frequency magnetic flux fields 225-229 of Fig. 2. The magnetic
flux induces a voltage across the resonating receiving coil 705. The voltage across the
resonating receiving coil 705 is maximized by a tuning mechanism which includes this coil as
part of it, in accordance with one embodiment of the present invention. This tuning circuit has
rectifier diodes for rectifying the magnetically induced AC voltage across the tuning circuit
along with a variable capacitor (varactor diode). The rectified voltage in the form of DC is
stored in an array of capacitors acting as voltage multiplier. The voltage from the voltage
multiplier will charge the rechargeable battery 233 of Fig. 2.

The magnetic resonant target device authenticating module 707 sends the authentication
information from the magnetic resonant target device 211 to the power source 203 of Fig. 2
during resonant power request. The target device authenticator 209 of Fig. 2 receives this
information and authenticates the magnetic resonant target device 211 for the subsequent power
delivery. The magnetic resonant frequency seeking module 709 has the functionality of
maximizing the received power on the magnetic resonant target device 211 of Fig. 2 by
automatic fine tuning of the resonating components.

FIG. 8 is an expanded block diagram of one embodiment of a target electronic device

115 of Fig. 1 receiving the power signal using the resonant power charging module 117. The
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communication module 125 of Fig. 1 consumes power from the rechargeable battery 129 of
Fig. 1, while the target device power manager 127 simultaneously coordinates the operation of
resonant power charging of the rechargeable battery 129, in accordance with one aspect of the
present invention. An exemplary electronic device considered as the target device in FIG. 8
consists of a target device power manager 803, a resonant power charging module 839, and the
communication module 817.

The exemplary resonant power charging module 839 comprises a power charge request
circuit 805, a rectifier circuit 807, a voltage multiplier 809, a voltage regulator 811, a
rechargeable battery 183 (129 of Fig. 1 repeated), and a power charging controller 815 (119 of
Fig. 1 repeated). The power charge resonant circuit 805 is a tuned circuit that resonates with
the incoming power signal. With the quality factor of the power charge resonant circuit 805
being quite large voltage builds up across it. The rectifier circuit 807 is made up of special
diodes which rectifies the incoming RF signal and charges the capacitor array of the voltage
multiplier 809.

When the voltage across the voltage multiplier 809 increases to a threshold level, the
rechargeable battery 813 starts charging. The power charging controller 815 monitors the
battery voltage. When once the battery voltage level reaches its full charge limit the power
charging controller 815 issues a signal to set high voltage limit flag monitored by the target
device power manager 803 (127 of Fig. 1 repeated). Similarly when the voltage level falls
below a preset low level the power charging controller 815 issues a signal that sets a low
voltage limit flag monitored / read by ‘target device power manager’ 803.

Upon reading the high voltage limit flag the target device power manager 803 sends a

power cutoff request to the power transmitting unit 103 on the control channel 113. By reading
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the low voltage limit flag the target device power manager 803 sends a power request to the
power transmitting unit 103. Further the target device power manager 803 monitors the
rechargeable battery voltage during the power delivery to communication module 817 for its
normal operation. The power charging controller 815 senses the low voltage limit and sets the
low voltage limit flag. The target device power manager 803 reads the low voltage limit flag
and request with power transmitting unit 103 of Fig. 1 for the delivery of the resonant power
signal. The target device power manager 803 tries to maintain the constant supply voltage by
controlling the duty cycle of the DC to DC converter based voltage regulator 811.

The communication module 817 is powered by the rechargeable battery 813. In one
embodiment of the present invention the antenna 831 is used for both resonant power charging
and normal communication operation. When used this way the dotted wired link 837 is used for
the communication signal. When the battery is charging with the resonant power signal the
communication circuit needs to be protected or cutoff from the resonant power signal. This
configuration will disturb the resonant tuning of target device by lowering the quality factor of
the tuned circuit.

In another embodiment of the present invention instead of the wired link 837 (dotted
line) connection another antenna 833 with the wireless link 835 is employed exclusively for
communication purposes.

The essential sub-modules of the communication module 817 are the channel acquiring
module 819, an RF communication module 821, an analog baseband processing module 823,
and the digital processing module 825. The channel acquiring module 819 facilitates the
function of acquiring different communication channel as in a mobile phone. The RF

communication module 821 performs the function of modulation, demodulation, amplification
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of RF signal, etc. The analog baseband processing module 823 processes the baseband signal.
The digital processing module 825 performs the digital signal processing functionality, which
includes encryption/decryption of the digital data, etc.

FIG. 9 is a flowchart describing the action performed by the target device power
manager of Fig. 1 and Fig. 2 during the resonant power charging operation, in accordance with
the present invention. The target device power manager 127 of Fig. 1 starts operations at a start
block 903. Then, at a next block 904, it authenticates with the power transmitting unit 103 of
Fig. 1 for its subscription. When the subscription of the target electronic device 115 of Fig. 1 is
authenticated the target device power manager 127 of Fig. 1 sends the power charging request
for the power transmitting unit 103 of Fig. 1 at a subsequent block 905.

In response to this the power transmitting unit 103 of Fig. 1 transmits the power
charging signal to the target electronic device 115. The target device power manager 127 of Fig.
1 then monitors the charging status and updates it to the power transmitting unit 103 at a next
block 907.

Then, at a next block 909, the target device power manager 127 of Fig. 1 monitors the
high voltage limit corresponding to the full battery charge condition and sets the high voltage
flag. The target device power manager 127 then tests the high voltage flag at a next decision
block 911. If the test returns false then the target device power manager 127 continues the
battery charging operation by going back to the next block 907.

If the test returns true at the decision block 911, the target device power manager 127 of
Fig. 1 communicates a request for the resonant power cutoff at a next block 913. It then
continues monitoring the discharge rate of the battery and adjusts the duty cycle of the voltage

regulator 811 of Fig. 8 at a next block 915. It continues sensing the low voltage limit
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periodically at a next block 917. The target device power manager then reads the low voltage
limit flag and tests the low voltage limit flag at a next block 919. If the test returns false the
target device power manager 127 performs the battery voltage monitoring operation at a next
block 915, else it goes back to the next block 904 for authentication and subsequent resonant
power charging.

As one of ordinary skill in the art will appreciate, the terms “operably coupled” and
“communicatively coupled,” as may be used herein, include direct coupling and indirect
coupling via another component, element, circuit, or module where, for indirect coupling, the
intervening component, element, circuit, or module does not modify the information of a signal
but may adjust its current level, voltage level, and/or power level. As one of ordinary skill in
the art will also appreciate, inferred coupling (i.e., where one element is coupled to another
element by inference) includes direct and indirect coupling between two elements in the same
manner as “operably coupled” and “communicatively coupled.”

The present invention has also been described above with the aid of method steps
illustrating the performance of specified functions and relationships thereof. The boundaries
and sequence of these functional building blocks and method steps have been arbitrarily defined
herein for convenience of description. Alternate boundaries and sequences can be defined so
long as the specified functions and relationships are appropriately performed. Any such
alternate boundaries or sequences are thus within the scope and spirit of the claimed invention.

The present invention has been described above with the aid of functional building
blocks illustrating the performance of certain significant functions. The boundaries of these
functional building blocks have been arbitrarily defined for convenience of description.

Alternate boundaries could be defined as long as the certain significant functions are
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appropriately performed. Similarly, flow diagram blocks may also have been arbitrarily defined
herein to illustrate certain significant functionality. To the extent used, the flow diagram block
boundaries and sequence could have been defined otherwise and still perform the certain
significant functionality. Such alternate definitions of both functional building blocks and flow
diagram blocks and sequences are thus within the scope and spirit of the claimed invention.

One of average skill in the art will also recognize that the functional building blocks,
and other illustrative blocks, modules and components herein, can be implemented as illustrated
or by discrete components, application specific integrated circuits, processors executing
appropriate software and the like or any combination thereof.

Moreover, although described in detail for purposes of clarity and understanding by way
of the aforementioned embodiments, the present invention is not limited to such embodiments.
It will be obvious to one of average skill in the art that various changes and modifications may
be practiced within the spirit and scope of the invention, as limited only by the scope of the

appended claims.
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CLAIMS

What is claimed is:

1. A power delivery system for delivering electric power, the power delivery
system comprising:

a target electronic device;
a power transmitting unit comprising:
a power source capable of generating power for power transmission;
a sending resonant coupling component capable of power transmission
employing non-radiated magnetic field waves of a target frequency;
the power transmitting unit capable of dynamically tuning the power
transmission to the target frequency wherein the target frequency is specified dynamically;
the target electronic device comprising a receiving resonant coupling component
for receiving the power transmission provided by the power transmitting unit employing the
target frequency; and
the target electronic device employing the received power for operation of the
target electronic device as well as for charging a rechargeable battery in the target electronic

device.

2. The power delivery system of claim 1 wherein the sending resonant coupling
component comprises a resonant coil that fills the space around it with a non-radiated magnetic

field oscillating at the target frequency.

3. The power delivery system of claim 2 wherein the sending resonant coupling

component and the receiving resonant coupling component employ the same target frequency.

4. The power delivery system of claim 2 wherein the sending resonant coupling
component conducts power transmission omni-directionally and efficiently irrespective of the

geometry of the surrounding space.

29

InductEV, Inc.
Exhibit 1006
Page 029



10

15

20

ATTY. DOCKET NO. BP7193

5. The power delivery system of claim 4 wherein the target electronic device
communicates the target frequency to the power transmitting unit to facilitate power

transmission by the power transmitting unit to the target electronic device.

6. The power delivery system of claim 5 wherein the target electronic device

amplifies received power before using it.

7. The power delivery system of claim 1 further comprising:

a power charge controller in the target device that monitors power consumption
and power delivery;

the power charge controller in the target device initiating charging of the
rechargeable battery using power delivered by the power transmitting unit when it determines
that the power level of the rechargeable battery is below a low limit; and

the power charge controller in the target device terminating charging of the
rechargeable battery when it determines that the power level of the rechargeable battery is

above a high limit.

8. The power delivery system of claim 7 wherein the power charge controller in the
target device determines that the power level of the rechargeable battery is below a low limit

and communicates a request for power to the power transmitting unit.

9. The power delivery system of claim 7 wherein the power charge controller in the
target device determines that the power level of the rechargeable battery is above a high limit

and communicates a request for termination of power delivery to the power transmitting unit.

10. The power delivery system of claim 1 wherein the target electronic device
communicates a target device authentication information to the power transmitting unit along

with a power request and a target device information.
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11. The power delivery system of claim 10 wherein the power transmitting unit
authenticates the target electronic device based on the received target device authentication
information and determines the target frequency for power transmission based on the target

device information.

12.  The power delivery system of claim 11 wherein the target clectronic device
periodically communicates a charging status to the power transmitting unit while the

rechargeable battery is being charged in the target electronic device.

13. A power transmitting unit that is communicatively coupled to a target device to
which it provides power, the power transmitting unit comprising:

a power source capable of generating power for power transmission;

a sending resonant coupling component capable of power transmission
employing non-radiated magnetic field waves of a target frequency;

the power transmitting unit capable of dynamically tuning the power
transmission via the sending resonant coupling component to the target frequency wherein the
target frequency is determined dynamically;

a token generator that generates and dispenses a token to the target device during
a target device registration operation; and

the power transmitting unit authentication the target device during subsequent

power transmission episodes based partially on the token.

14. The power transmitting unit of claim 13 wherein the token generator employs a
pseudorandom number generator to generate the token and wherein the power transmitting unit

delivers power to the target device only after authenticating the target device.

15. The power transmitting unit of claim 13 further comprising:
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the power transmitting unit being communicatively coupled to a plurality of
clectronic devices that are capable of receiving power transmitted by the power transmitting
unit;

a plurality of target frequencies for transmitting power;

the power transmitting unit selectively employing one of the plurality of target
frequencies to deliver power to any of the plurality of electronic devices based on a resonant
changing capability of the corresponding one of the plurality of electronic devices; and

the power transmitting unit authenticating the corresponding one of the plurality

of electronic devices before delivering power to it.

16. A method performed by a rechargeable electronic device comprising a
rechargeable battery, the method comprising:

authenticating with a power transmitting unit and receiving the token;

requesting the power transmission unit for power employing non-radiated
magnetic field waves of a target frequency;

receiving power over non-radiated magnetic field waves of the target frequency
from the power transmission unit; and

recharging a rechargeable battery of the rechargeable electronic device.

17.  The method performed by the rechargeable electronic device of claim 16
wherein recharging comprises:
applying the received power to the rechargeable battery;
periodically sending a charging status to the power transmission unit;
monitoring the charging status until it exceeds a high charging limit; and
communicating a request for termination of power delivery to the power

transmitting unit when the high charging limit is reached.

18.  The method performed by the rechargeable electronic device of claim 17 further
comprising:

automatically requesting power transmission from the power transmission unit

when the rechargeable electronic device determines that the charging status indicates power

levels below a low charging limit.
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19. The method performed by the rechargeable electronic device of claim 16
wherein the token is communicated to the power transmission unit along with the request for
power transmission, and wherein the token is updated and stored when a new token is

communicated by the power transmission unit.

20. The method performed by the rechargeable electronic device of claim 16
wherein the token is communicated to the power transmission unit along with the request for
power transmission and wherein the rechargeable electronic device authenticates with the

power transmission unit employing a username and password.
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ABSTRACT OF THE DISCLOSURE

The present invention deals with wireless power transfer from a power source (station),
to a target device (gadget) having a rechargeable battery. The charging of the rechargeable
battery takes place using power contained in the incoming RF electromagnetic wave or the high
frequency the magnetic flux. In one embodiment of the present invention the resonant coupling
for the wireless power transfer is achieved via a short range magnetic flux linkage with a target
device’s resonating coil, and in another embodiment, the resonant coupling is achieved through
a resonating antenna. In both the embodiments, highly tuned resonator circuits are used in the
target device. The power delivery to recharge the target device’s battery takes place without
interrupting the normal operation of the gadget and without needing the conventional
electricity. The power delivery takes place only after the identification and authentication of the
target device by the power source (station). A power manager module on the target device
constantly monitors the power level of the rechargeable battery and tries to maintain the battery
charge level within operable range. Power metering and billing feature for the consumed power

are incorporated into this wireless power delivery system.
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submitting them to USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public
after publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the
application) or issuance of a patent. Furthermore, the record from an abandoned application may also be available to the
public if the application is referenced in a published application or an issued patent (see 37 CFR1.14). Checks and credit
card authorization forms PTO-2038 submitted for payment purposes are not retained in the application file and therefore are
not publicly available.

Signature

Please see 37 CFR 1.4(d) for the form of the signature.

Signature /Bruce E. Garlick/ Date (YYYY-MM-DD) | Aug 5, 2008
First Name Bruce E. Last Name Garlick Reglstratlo_n Number 36520
{If appropriate)

This collection of information is required by 37 CFR 1.51. The information is required to obtain or retain a benefit by the public which is to
file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection
is estimated to take 8 hours to complete, including gathering, preparing, and submitting the 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 to the 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. This
form can only be used when in conjunction with EFS-Web. If this form is mailed to the USPTQO, it may cause delays in handling
the provisicnal application.

EFS - Web 1.0.1
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Privacy Act Statement

The Privacy Act of 1974 {P.L. 93-579) requires that you be given certain information in connection with your submission of
the attached form related to a patent application or paten. Accordingly, pursuant to the requirements of the Act, please be
advised that : (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the
information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your
submission, which may result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided 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 Infermation
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 Informaticn
Act.

2. A record from this system of records may be disclosed, as a rcutine 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.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request invelving 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.

4, A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need
for the information in 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).

5. A record related to an International Application 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.

6. A record in this system of records may be disclosed, as a routine use, t o a n cther federal agency for purpcses
of Naticnal Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).
7. 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 inspecticn 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.

8. 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(h) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
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.

9. A record from this system 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.
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

INTEGRATED RESONANT POWER CHARGING AND
COMMUNICATION CHANNEL

First Named Inventor/Applicant Name:

James D. Bennett

Filer:

Bruce Emory Garlick/Diane Hudson

Attorney Docket Number:

BP7193

Filed as Large Entity

Provisional Filing Fees

Description

Sub-Total in

Fee Code | Quantity Amount USD($)

Basic Filing:

Provisional application filing

1005 1 210 210

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:

Indu
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Description Fee Code | Quantity| Amount Suggg(tg)l in
Miscellaneous:
Total in USD ($) 210
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Electronic Acknowledgement Receipt

EFS ID: 3733556
Application Number: 61086380
International Application Number:
Confirmation Number: 1008

Title of Invention:

INTEGRATED RESONANT POWER CHARGING AND

COMMUNICATION CHANNEL

First Named Inventor/Applicant Name:

James D. Bennett

Customer Number:

51472

Filer:

Bruce Emory Garlick/Diane Hudson

Filer Authorized By:

Bruce Emory Garlick

Attorney Docket Number: BP7193
Receipt Date: 05-AUG-2008
Filing Date:
Time Stamp: 17:41:44
Application Type: Provisional
Payment information:
Submitted with Payment yes
Payment Type Credit Card
Payment was successfully received in RAM $210
RAM confirmation Number 2950
Deposit Account
Authorized User
File Listing:
Document . . File Size(Bytes) Multi Pages
Number Document Description File Name /Message Digest| Part/.zip| (if appl.)
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192508
1 BP7193_Prov_Spec.pdf yes 34
6ea7513271060becdc741138b346d9f4
7eb7ddac
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 28
Claims 29 33
Abstract 34 34
Warnings:
Information:
Drawi ly black and white li 55094
rawings-only plack ana whnite line .
2 drawings BP7193_Prov_Drawings.pdf I no 9
at1439f
Warnings:
Information:
640438
3 Provisional Cover Sheet (SB16) BP7193_Prov_Cover.pdf no 3
4c19bd834eedd3edd2c8be9ab526355
a6c582c97
Warnings:
Information:
8155
4 Fee Worksheet (PTO-06) fee-info.pdf no 2
¢7190480a76a5b2{96ded569a1db09a2
70561907
Warnings:
Information:
Total Files Size (in bytes): 896195
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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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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPTO.gOV

APPLICATION FILING o GRP ART
NUMBER I 371(c) DATE UNIT I FIL. FEE REC'D I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSl
61/086,380 08/05/2008 210 BP7193

CONFIRMATION NO. 1008

51472 FILING RECEIPT
GARLICK HARRISON & MARKISON

P.0. BOX 160727 N LA

AUSTIN, TX 78716-0727 00000003

3752

Date Mailed: 08/15/2008

Receipt is acknowledged of this provisional patent application. It will not be examined for patentability and will
become abandoned not later than twelve months after its filing date. 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)
James D. Bennett, Hroznetin, CZECH REPUBLIC;

Power of Attorney:
Bruce Garlick--36520

If Required, Foreign Filing License Granted: 08/12/2008

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 61/086,380

Projected Publication Date: None, application is not eligible for pre-grant publication
Non-Publication Request: No

Early Publication Request: No
Title

INTEGRATED RESONANT POWER CHARGING AND COMMUNICATION CHANNEL
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
page 1 of 3
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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
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
page 2 of 3
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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).

page 3 of 3
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