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(57) Abstract: The present invention provides a load used for communication in a remote device having a dynamic communica-
tion load configuration. In onc cmbodiment, the dynamic communication load configuration varics as a function of a charactcristic
of power in the remote device. The remote device toggles between load configurations to communicate with the inductive power
supply. A sensor in the remote device detects a characteristic of power in the remote device and contfigures the communication
load based on the sensor output. In another embodiment, the remote device adjusts the dynamic communication load configura-
tion in the remote device in response to a failure to receive a response from the inductive power supply.
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COMMUNICATION ACROSS AN INDUCTIVE LINK WITH A DYNAMIC LOAD

BACKGROUND OI' TIIE INVENTION

[0001] The present invention relates to wireless communication, and more particularly to
minimizing power losses during wireless communication.

[0002] Backscatter modulation is a common communication technique in many RFID
applications. Backscatter modulation can be used in a passive RFID tag to send data back to an
RFID reader without using a transmitter. Instead, communication is accomplished by repeatedly
shunting a coil in the RFID tag through a transistor, the shunting causes slight fluctuations in the
RFID reader’s carrier amplitude. As the secondary winding is momentarily shunted, the primary
winding experiences a momentary voltage drop. The RFID reader can detect this voltage drop
and interpret that data as a bit. Bits can be strung together by systematically shunting the
secondary winding. 'The data bits can be encoded by a variety of encoding algorithms that may
affect error recovery, cost of implementation, bandwidth, or synchronization capability.

[0003] Backscatter modulation and variations thereof have also been used outside the
RFID context, for example in communication between an inductive power supply and a remote
device in a wireless power transfer system. U.S. Patent Application Serial No. 11/855,710 filed
by David W. Baarman on September 14, 2008, entitled “System and Method for Inductively
Charging a Battery” and U.S. Patent Application No. 61/019,411 filed by David W. Baarman on
January 7, 2008 entitled “Inductive Power Supply with Duty Cycle Control” disclose shunting a
resistor in a remote device to communicate with an inductive power supply, and are both herein
incorporated by reference.

[0004] There are a number of challenges with backscatter modulation and similar

techniques that occur within inductive power supply systems that are not as problematic in
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traditional RFID systems. In an induclive power supply system, the amount of power delivered
to the remote device may vary. T'or example, a mobile phone in standby mode will likely draw
significantly less power from an inductive power supply than the mobile phone would draw
during a telephone call. As the amount of power drawn by or delivered to the secondary
increases, the power losses associated with communicating increase. Further, power losses are
often amplified because the communication resistor for a remote device is typically selected
during manufacture to account for worse case scenarios. This additional reliability often comes
at the price of additional power losses during communication, even in normal or optimal
conditions. The nature ol a wirelessly powered load can become dynamic with the variances of
coupling associated with spatial movement which is complicated by a wide array of device
requirements from light to heavy loads. This dynamic can change the power requirements of the
system, adjustments to the system as described herein can help account for the changing power
requirements.

SUMMARY OF THE INVENTION

[0005] The aforementioned problems are overcome by the present invention wherein a
load uscd for communication in a remote device varics with the amount of power dclivered to the
remote device.

[0006] An inductive power supply system in accordance with the present invention
includes an inductive power supply and a remote device with multiple load configurations, at
least one being a dynamic load configuration. The remote device toggles between the load
configurations to communicate with the inductive power supply. A sensor in the remote device
detects the amount of power that the inductive power supply delivers or that the remote device

draws. A controller in the remote device is capable of configuring the dynamic load
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conliguration based on the detected power. The controller in the remote device is capable of
toggling between the different load configurations to communicate with the inductive power
supply.

[0007] The dynamic load configuration can be configured to create a sufficient difference
in reflected impedance or load shift from the other load configuration so that the inductive power
supply can receive communication. The load shift can account for the amount of power
delivered to the remote device and ensure that that the load shift is sufficient for that amount of
power. The dynamic load configuration can also be configured to minimize the amount of power
lost due to communication with the inductive power supply. A larger load shill consumes more
power, therefore minimizing the size of the load shift also minimizes power losses. It should be
noted that the secondary circuit may be tuned to resonance by the primary and may also include
a series and/or parallel resonant capacitor(s).

[0008] In one embodiment, the dynamic load configuration is configured by toggling
between the dynamic load configuration and another load configuration while gradually
increasing the resistance of the dynamic load configuration until the inductive power supply
reccives the communication. The dynamic load configuration where the inductive power supply
first receives communication is the load configuration with the smallest load shift sufficient for
communication, which also equates to the dynamic load configuration capable of communication
with the least power losses.

[0009] By dynamically changing at least one of the load configurations based on the

amount of power delivered to the remote device, significant power savings can be realized.
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[0010] These and other objecls, advantages, and features ol the invention will be more
fully understood and appreciated by reference to the description of the current embodiment and
the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 illustrates a representative remote device circuit diagram in accordance
with one embodiment of the present invention.

[0012] FIG. 2 illustrates a flowchart in accordance with one embodiment of the present
invention.

[0013] FIG. 3 illustrates a [lowchart in accordance with another embodiment of the

present invention.

DESCRIPTION OF THE CURRENT EMBODIMENT

[0014] An inductive power supply system in accordance with one embodiment of the
present invention is shown in FIG. 1 and generally designated 1. The inductive power supply
system includes an inductive power supply 2 and a remote device 4. The remote device 4 has
multiplc communication load configurations, at lcast onc becing a dynamic communication load
configuration. 'The remote device 4 toggles between the communication load configurations to
communicate with the inductive power supply 2. A sensor in the remote device 4 detects the
amount of power that the inductive power supply 2 delivers to the remote device 4. A controller
18 in the remote device is capable of configuring the dynamic communication load configuration
bascd on the detected power. The controller in the remote device is also capable of toggling
between the different communication load configurations to communicate with the inductive

power supply 2.
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[0015] The present invention is suitable [or use with most inductive power supplies.
Accordingly, the inductive power supply 2 will not be described in detail. One embodiment of
the inductive power supply 2 illustrated in FIG. 1 includes a primary circuit 6 with rectification
and power conditioning circuitry (not shown), a controller (not shown), a circuit sensor (not
shown), and an inverter (not shown). The primary circuit 6 generates and applies alternating
current to the primary 8. As a result of the alternating current applied by the primary circuit 6,
the primary 8 generates an electromagnetic field. The remote device receives power from the
inductive power supply and sends back a communication, as described in more detail below.
The primary circuit 6 may be essentially any circuitry capable of supplying alternating current Lo
the primary 8 generating a sensor output indicative of a characteristic of power being affected by
a characteristic of the remote device reflected through said inductive coupling and controlling
operation of said inductive power supply in response to said sensor output.

[0016] It may be desirable to use an inductive power supply including the resonant
seeking circuit of the inductive power supply system disclosed in U.S. Patent 6,825,620, which is
entitled “Inductively Coupled Ballast Circuit” and issued November 30, 2004, to Kuennen et al;
the adaptive inductive power supply of U.S. Patent 7,212,414, which is cntitled “ Adaptive
Inductive Power Supply” and issued May 1, 2007, to Baarman; the inductive power supply with
communication of U.S. Serial No. 10/689,148, which is entitled “Adaptive Inductive Power
Supply with Communication” and filed on October 20, 2003 to Baarman; the inductive power
supply for wirelessly charging a LI-ION battery of U.S. Serial No. 11/855,710, which is entitled
“System and Mcthod for Charging a Battery” and filed on Scptember 14, 2007 by Baarman; the
inductive power supply with device identification of U.S. Serial No. 11/965,085, which is
entitled “Inductive Power Supply with Device Identification” and filed on December 27, 2007 by
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Baarman et al; or the inductive power supply with duly cycle control of U.S. Serial No.
61/019,411, which is entitled “Inductive Power Supply with Duty Cycle Control” and filed on
January 7, 2008 by Baarman--all of which are incorporated herein by reference in their entirety.

[0017] The illustrated embodiment is described in connection with a generic remote
device 4. It should be understood that the present invention is suitable for use with most remote
devices, such as cellular telephones, portable music devices, laptops, or other electrically
powered devices. The remote device 4 of the illustrated embodiment includes a secondary 10, a
rectifier 12, a detector system 15, a controller 18, one or more communication loads 20, 22
connected with switches 21, 23, and a target load 26 connectled with a switch 27.

[0018] In the illustrated embodiment, the primary is an inductive coil with 2.8 micro
Henry and the secondary is an inductive coil having 4.5 micro Henry. In alternative
embodiments, the secondary or primary coils may have different values.

[0019] The present invention is suitable for use with a variety of different rectifiers. For
example, a full bridge, synchronous, or half bridge rectifier may be used in the remote device 4.
In the illustrated embodiment, a full bridge rectifier 12 converts the AC power received by the
sccondary 10 into DC power. In alternative cmbodiments, the rectifier 12 may be removed and
the remote device may use AC power.

[0020] The detector system 15 detects a characteristic of power in the remote device. For
example, the characteristic of power could include voltage, current, phase, an amount of power
delivered by the inductive power supply, an amount of power drawn by the remote device.
Although the detector system 15 in the illustrated embodiment includes both a current sensor 14
and a voltage sensor 16, alternative embodiments may include only one of them of them.

Further, in some embodiments, a different type of sensor or sensor system may replace one or
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both of the current sensor 14 and voltage sensor 16. In the illustrated embodiment the current
sensor 14 and voltage sensor 16 respectively provide current and voltage measurements of the
amount of power delivered to the remote device 4 to the controller 18. In alternative
embodiments, the detector system 15 may detect an absolute shift in impedance, shift in current
at driving frequency, or some other characteristic. In an embodiment with a resonant primary
circuit (series or parallel capacitor), the detector system may account for phase in addition to
magnitude.

[0021] The present invention is suitable for use with a wide variety of different
controllers. The illustrated embodiment includes a digital microcontroller capable ol conliguring
the dynamic communication load configuration and toggling between the different
communication load configurations to communicate with the inductive power supply 2. In
alternative embodiments, the controller may be an analog controller, an FPGA, or some other
controller or controllers capable of configuring the dynamic communication load configuration
and toggling between the different communication load configurations. The controller may be
programmed to perform additional functions related or unrelated to communication.

[0022] The present invention is suitable for usc with a varicty of communication loads.
The illustrated embodiment includes two communication loads 20, 22 with the same value, but
alternative embodiments could include a different number of communication loads or
communication loads with different values. In the current embodiment, each communication
load 20, 22 is a 20 Ohm resistor. In alternative embodiments, different size resistors may be
uscd. Each of the communication loads 20, 22 arc connccted in parallel with the target load 26
via switches 21, 23. The communication loads 20, 22 can be resistors, diodes, capacitors,
inductors, or any other circuit element capable of being shunted to communicate with the
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inductive power supply. In alteralive embodiments, the communication loads 20, 22 may be
connected in series instead of parallel. The switches 21, 23 in the current embodiment are field
effect transistors that are controlled by controller 18, but in alternative embodiments, other
switching elements may replace the transistors. In some embodiments, the target load 26 may be
used as a communication load, which will be discussed in more detail below.

[0023] In one embodiment, the communication load is an RC circuit or other dynamic
load. The capacitor allows a large impulse current on each pulse, and then discharges on the off
cycle by the resistor. In this way, a large edge can be generated, but the overall power loss
remains small.

[0024] In another embodiment, the communication load is a diode or other device with a
constant voltage drop. The diode is inserted in series with the load and periodically shorted out
to inject a load modulation of constant proportion. The power lost in a diode is the amount of
current times the amount of voltage. Therefore, power loss increases linearly as the current goes
up, as opposed to the square of the current as in the resistive cases.

[0025] A variety of different target loads may be included in the remote device 4. The
target load 26 is represented as a gencric load in the illustrated ecmbodiment, but it should be
understood that the target load could be a battery, capacitor, a different power storage circuit, or
some other circuitry capable of utilizing the wireless power provided to the remote device 4 by
the inductive power supply 2.

[0026] In order for the remote device 4 to communicate with the inductive power supply
2, the remote device 4 toggles between at least two different communication load configurations,

at least one of which is a dynamic communication load configurations.
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[0027] In the illustrated embodiment, one load conliguration is conligured by
disconnecting the target load 26 and disconnecting the communication loads 20, 22. The
dynamic communication load configuration is configured by connecting 1) the target load 26
when a large amount of power is delivered to the remote device (dynamic load configuration 30);
2) the target load and a communication load when a medium amount of power is delivered to the
remote device (dynamic load configuration 29); and 3) the target load and two communication
loads when a small amount of power is delivered to the remote device (dynamic load
configuration 28). Thresholds may be selected for determining what constitutes a small,
medium, and large amount of power. In one embodiment, the remote device 4 may store the
thresholds specific to that device.

[0028] For example, in one embodiment, the dynamic communication load configuration
is configured by connecting the target load 26 and depending on the amount of power detected
some combination of communication loads 20, 22. Referring to FIG. 1, assuming a constant
voltage of 20 V for all cases: 1) if the current sensor detects less than 44 mA then both
communication loads 20, 22 are connected (dynamic load configuration 28); 2) if the current
scnsor detccts between 44 mA and 1 A then one communication resistor is connected (dynamic
load configuration 29); and 3) if the current sensor detects more than 1 A then neither
communication resistor is connected (dynamic load configuration 30). Alternative embodiments
may use different thresholds to determine which communication loads are connected. Further, a
different number of thresholds and communication loads may be used in alternative
cmbodiments.

[0029] In one embodiment, the dynamic communication load configuration is configured

using a different load or combination of loads based on measured power level at that time so that
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the dynamic communication load configuration is always a certain percentage grealer than the
delivered load. Tor example, in one embodiment, at least a 2% difference between the reflected
impedance of the load configurations is necessary in order for communication to be
distinguished from noise.

[0030] In one embodiment the dynamic communication load configuration is configured
by gradually increasing the communication load until a message is received by the inductive
power supply. This method has the benefit of being able to easily account for changes in mutual
inductance that may arise due to primary secondary alignment or parasitic metal.

[0031] In an alternative embodiment, where the target load 26 is a ballery, the target load
26 may not be included in the dynamic communication load configuration at all in order to
isolate and protect the load. Instead, the target load 26 is disconnected during communication
and a number of communication loads 20, 22 are connected depending on the amount of power
delivered to the remote device 4.

[0032] In the current embodiment, the other communication load configuration is a static
communication load configuration configured by disconnecting the target load 26 and all of the
communication loads 20, 22. This configuration produccs a primary impedance of 3.519 Ohms.
Alternative static communication load configurations may be configured by connecting the target
load, one or more communication loads, or a combination thereof. The other communication
load configuration may also be a dynamic communication load configuration.

[0033] FIG. 2 illustrates a flowchart for one embodiment of a method for communication
using a dynamic load configuration 31. The inductive power supply initiates a scnd message
procedure 32. The remote device receives power from the inductive power supply and measures

the power delivered to the remote device 34. The controller on the remote device determines if
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the measured power is greater than a threshold 36. If the measured power is larger than the
threshold then the dynamic load configuration is configured to include only the load and a
message is sent by toggling the target load 40. If the measured power is less than the threshold
then the dynamic load configuration is set to toggle the communication resistor and the target
load simultaneously 38. The message is sent by toggling between the dynamic load
configuration and the other load configuration, in this case a completely disconnected load.
Once the message is sent, the remote device waits until there is another message to be sent 42.

[0034] FIG. 3 illustrates a flowchart for another embodiment of a method for
communication using a dynamic load configuration 50. The inductive power supply iniliales a
send message procedure 52. The remote device receives power from the inductive power supply
and measures the power delivered to the remote device 54. The controller on the remote device
determines if the power is above a threshold 56. If the power is above the threshold then the
dynamic load configuration is configured to include one communication resistor and the target
load is disconnected 60). If the power is below the threshold then the dynamic load configuration
is configured by connecting two communication resistors in parallel and disconnecting the target
load 58. Oncc the message is sent, the remote device waits until there is another message to be
sent 52.

[0035] The above description is that of the current embodiment of the invention. Various
alterations and changes can be made without departing from the spirit and broader aspects of the
invention as defined in the appended claims, which are to be interpreted in accordance with the
principles of patent law including the doctrine of cquivalents. Any reference to claim clements

[P L7
a

in the singular, for example, using the articles an,” “the” or “said,” is not to be construed as

limiting the element to the singular.
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CLAIMS
The embodiments of the invention in which an exclusive property or privilege is claimed are
defined as follows:
L. A contactless power supply system comprising:
an inductive power supply and a remote device, said remote device capable of
inductively receiving power from said power supply via an inductive coupling;
wherein said inductive power supply includes:
a primary for inductively transferring power to said remote device;
a primary circuil operatively coupled (o said primary, said primary circuit
1) generating an output indicative of a characteristic of power being affected by a characteristic
of the remote device reflected through said inductive coupling and 2) controlling operation of
said inductive power supply in response to said output; and
wherein said remote device includes:
a target load capable of utilizing the power provided by said inductive
power supply;
a scnsor for deteeting a characteristic of power in the remote devicee;
a communication load capable of being modulated to communicate with
said inductive power supply;
a controller programmed to 1) configure said communication load in a
first communication load configuration, wherein said first communication load configuration is a
dynamic configuration bascd on output from said sensor; and 2) modulatc between said first
communication load configuration and a second communication load configuration to

communicate with said inductive power supply.
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2. The contactless power supply system of claim 1 wherein said [irst communication load
configuration includes at least one of a resistor, a diode, a capacitor, an inductor, a dynamic load,
and a device with a constant voltage drop.

3. The contactless power supply system of claim 1 wherein at least one of said first
communication load configuration and said second communication load configuration includes
said target load.

4. The contactless power supply system of claim 1 wherein said controller is programmed to
configure said first communication load configuration to include said target load when said
output from said sensor is below a threshold and wherein said controller is programmed (o
configure said first communication load configuration to include said target load said output
from said sensor is above said threshold.

S. The contactless power supply system of claim 4 wherein said second communication load
configuration includes said communication load and said target load.

6. The contactless power supply system of claim 1 wherein said first communication load
configuration includes said communication load and a supplemental communication load and
said sccond communication load configuration includcs said communication load; wherein said
controller is programmed to utilize said first communication when said output from said sensor
is below a threshold and wherein said controller is programmed to utilize said second
communication load configuration when said output from said sensor is above said threshold.

7. The contactless power supply system of claim 1 wherein said controller is programmed to
switch between different load configurations by increasing the resistance of said communication

load until a message is received by said inductive power supply.
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8. A remole device for receiving power [rom an induclive power supply, said remote device
comprising:

a target load capable of utilizing the power provided by said inductive power
supply;

a sensor for detecting a characteristic of power in the remote device;

a communication load capable of being modulated to communicate with said
inductive power supply;

a controller programmed to 1) configure said communication load in a first
communication load conliguration, wherein said [irst communication load conliguration is a
dynamic configuration based on output from said sensor; and 2) modulate between said first
communication load configuration and a second communication load configuration to
communicate with said inductive power supply
9. The contactless power supply system of claim 8 wherein said first communication load
configuration includes at least one of a resistor, a diode, a capacitor, an inductor, a dynamic load,
and a device with a constant voltage drop.

10. The contactless power supply systcm of claim § whercin at Icast onc of said first
communication load configuration and said second communication load configuration includes
said target load.

11.  The contactless power supply system of claim 8 wherein said first communication load
configuration includes said target load and said second communication load configuration
includes said communication load; whercin said controller is programmed to utilize said first

communication when said output from said sensor is below a threshold and wherein said
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controller is programmed (o utilize said second communication load configuration when said
output from said sensor is above said threshold.
12 The contactless power supply system of claim 11 wherein said second communication
load configuration includes said communication load and said target load.
13. The contactless power supply system of claim 8 wherein said first communication load
configuration includes said communication load and a supplemental communication load and
said second communication load configuration includes said communication load; wherein said
controller is programmed to utilize said first communication when said output from said sensor
is below a threshold and wherein said controller is programmed o ulilize said second
communication load configuration when said output from said sensor is above said threshold.
14.  The contactless power supply system of claim & wherein said controller is programmed to
switch between different load configurations by increasing the resistance of said communication
load until a message is received by said inductive power supply.
15. A method for communicating from a remote device and an inductive power supply
comprising:

reeciving power from the inductive power supply;

measuring a characteristic of power received by the remote device;

determining a dynamic load configuration based on the characteristic of power
measured;

communicating with the inductive power supply by toggling between the
determined dynamic communication load configuration and another load configuration.
16.  The method of claim 15 wherein determining a dynamic load configuration based on the

amount of power measured includes comparing the amount of power measured to a threshold.
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17.  The method of claim 15 wherein delermining a dynamic load configuration based on the
characteristic of power measured includes determining the dynamic load configuration to be a
specific percentage greater than the delivered load such that toggling between the dynamic load
configuration and the load allows the reflected impedance to be distinguished as communication
instead of noise.
18.  The method of claim 15 wherein determining a dynamic load configuration based on the
amount of power measured includes increasing the resistance in the dynamic load configuration
until a message is received by the inductive power supply.
19.  The method ol claim 15 wherein determining a dynamic load conliguration based on the
amount of power measured includes determining a dynamic load configuration that minimizes
the amount of power lost due to communication with said inductive power supply.
20. The method of claim 15 wherein determining a dynamic load configuration based on the
amount of power measured includes determining a dynamic load configuration that creates a
sufficient difference in reflected impedance or load shift from the other load configuration so that
the inductive power supply can receive communication from the remote device.
21. A mcthod for communicating from a remotc device to an inductive power supply
comprising:
transmitting power from the inductive power supply to the remote device;
receiving power from the inductive power supply;
configuring a dynamic communication load configuration in the remote device;
transmitting a communication to the inductive power supply by toggling between
the dynamic communication load configuration and another load configuration;

waiting for a response from the inductive power supply;
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adjusting the dynamic communication load configuration in the remote device in
response to a failure to receive the response;
re-transmitting the communication to the inductive power supply by toggling

between the adjusted dynamic communication load configuration and another load configuration.
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