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(57) ABSTRACT

A power supply for inductively powering a remote device
has an inverter operating at an operating frequency and a
primary coil. A phase comparator compares the phase of the
voltage or current delivered by the power supply. If the
phase relationship detected by the comparator is unaccept-
able, the inverter is disabled. After a period of time, the
inverter is re-enabled, and the phase relationship is again
determined.
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SYSTEM AND METHOD FOR POWERING A
LOAD

BACKGROUND OF THE INVENTION

Inductive powering of an intermittently energized device
would be extremely convenient. A primary is provided at
some convenient location. When placed in proximity to the
primary, a device with a suitable secondary is energized
without the need to connect a cord or cable to the device.
However, with an inductive power supply, such rapid chang-
ing of power consumption is problematic.

Certain devices, such as those used for cooking, are
designed to intermittently derive power from a power
source. For example, an electric skillet uses significant
power to heat its cooking surface to a desired temperature.
When it reaches that temperature, the skillet ceases using
power. If the cooking surface cools, it again uses significant
power to heat the cooking surface.

An inductive power supply establishes a magnetic field
from which the remote device draws power. The instanta-
neous cessation of power consumption by the remote device
does not automatically end the magnetic field. Rather, the
magnetic field previously established may continue to exist
after the remote device is no longer drawing power. The
inductive power supply could continue to supply power to
the magnetic field, resulting in excessive currents within the
power supply. If left unchecked, these large currents in the
power supply can ultimately result in the destruction of the
electronic components of the power supply, such as transis-
tors and other semiconductor devices, rendering the power
supply unusable.

An improved inductive circuit for powering a load is thus
highly desirable.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an inductive power supply for powering an
intermittent load.

FIG. 2 shows the method of operation for a circuit
supplying inductive power to an intermittent load.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an inductive power supply 6 for powering
remote device 8. Inverter 10 is conventionally comprised of
oscillator 12, driver 14, and transistors 16, 18 to provide an
alternating current to tank circuit 20. Tank circuit 20 is a
series resonant circuit comprised of primary capacitor 22
and primary inductor 24. The power supply for the circuit
could be any source of DC power such as an AC-DC
converter or a battery.

Oscillator 12, driver 14 and tank circuit 20 can be
conventional devices. A further description of suitable
devices and circuits may be found in U.S. Pat. No. 6,825,620
entitled, “Inductively Coupled Ballast Circuit” U.S. patent
application Ser. No. 10/689,499 entitled “Adaptive Induc-
tive Power Supply”, and U.S. patent application Ser. No.
10/689,148 entitled “Adaptive Inductive Power Supply with
Communication.” These patents and applications are hereby
incorporated by reference.

Remote device 8 is comprised of secondary inductor 28,
secondary capacitor 30, load 32, optional device transceiver
44 and optional memory 46. As is well known, secondary
inductor 28 and secondary capacitor 30 provide power to
remote device 32. Air gap 34 separates primary inductor 24
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and secondary inductor 28. Preferably, primary inductor 24
and secondary inductor 28 are coreless.

One input to phase comparator 36 is the voltage provided
to tank circuit 20. The second input to phase comparator 36
is the voltage provided to primary inductor 24. Phase
comparator 36 provides a logical “0” to microprocessor 38
if the of voltage provided to tank circuit 20 and that provided
to primary inductor 24 are in phase. If the two voltages are
not in phase, then phase comparator 36 provides a logical
“1” output to microprocessor 38.

In operation, when remote device 8 is drawing power, the
voltages provided to tank circuit 20 and primary inductor 24
are in phase. However, when remote device 8 no longer
draws power, the voltages provided to tank circuit 20 and
primary inductor 24 go out of phase. Phase comparator 36
provides a logical “1” output when the voltages are out of
phase.

In order to distinguish minor variations in the phase of the
voltage provided to remote device 8 from the situation
where remote device 8 no longer draws power, phase
comparator 36 provides a logical “1” output only when the
voltages are out of phase by about 90 degrees. As is well
known, phase comparator 36 could be adjusted to provide a
logical “1” output for different out of phase conditions. For
example, phase comparator 36 could provide a logical “1”
output when the voltages are out of phase by 45 degrees.

Microprocessor 38 controls the operation of oscillator 12.
When the output of the phase comparator is “0”, then
microprocessor 38 enables the operation of inverter 10.

However, when the phase of the voltages detected by
phase comparator are out of phase, microprocessor disables
the operation of inverter 10, and thus immediately stops
further power from flowing through tank circuit 20. Alter-
natively, microprocessor 38 could be replaced by suitable
analog or digital circuitry which could disable oscillator 12
based upon the output of phase comparator 36.

Phase comparator 36 is a simple go/no-go phase com-
parator. The phase detector is comprised an exclusive-OR
gate, a low pass filter, and a voltage comparator. The low
pass filter provides linear phase information between 0° and
90°.

Alternatively, a phase comparator 36 could be digitized so
as to provide a scalar quantity indicative of the phase
difference between the two voltages. If so, then memory 40
would contain values indicative of an acceptable phase
relationship and values indicative of an unacceptable phase
relationship. Microprocessor 38 would read the output of
phase comparator 36 and then compare the read value with
the values within memory 40 and then disable the operation
of oscillator 12 as needed.

The time delay involved resulting due to the use of
microprocessor 38 for phase detection could be detrimental
in some applications. If the Q of tank circuit 20 is high, the
delay could result in damage to transistors 16, 18. However,
if the Q of tank circuit 20 was sufficiently low, micropro-
cessor 38 could be used in some applications.

Power supply 6 could also be provided with power supply
transceiver 42 for receiving information from optional
remote device transceiver 44. Remote device transceiver 44
would provide information to microprocessor 38 regarding
the expected or acceptable phase relationship detected by
phase comparator 36 during power transfer to remote device
8. Microprocessor 38 could then store this information
within memory 40 for use in determining whether remote
device 8 was receiving power. Microprocessor 38 then
compares the output of phase comparator 36 with informa-
tion from memory 8. Microprocessor 38 could then disable
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the operation of oscillator 12 if needed. For example, if
remote device 8 requires that the phase relationship mea-
sured by phase detector 36 is no more than 45 degrees out
of phase during normal operation, and voltages measured by
phase detector 36 are 50 degrees out of phase, then micro-
processor 38 could disable the operation of oscillator 12.

Remote device transceiver 44 could employ any of a
number of devices such as an RFID tag, a wireless LAN
transmitter or a Bluetooth transmitter. Remote device could
also be provided with remote device memory 46 which
would contain the phase information. Alternatively, memory
40 could store the expected phase relationship for a plurality
of devices. Remote device transceiver 44 could transmit an
identifying code to remote device 8, and then processor 38
would look up the corresponding phase information from
memory 40. Microprocessor 38 could then compare the
output of phase comparator 36 with the phase information
retrieved from memory 40. If the phase information
retrieved from memory 40 does not correspond with the
output of phase comparator 36, then microprocessor could
disable the operation of oscillator 12.

After microprocessor 38 has disabled oscillator 12 as
described above, microprocessor 38 re-enables the operation
of oscillator 12 after a predetermined period of time. If the
output of phase comparator 36 indicates an acceptable phase
relationship, thereby indicating that remote device 32 is
again ready to receive power, then microprocessor 38 con-
tinues to enable the operation of oscillator 12. If, however,
the output of phase comparator 36 indicates an unacceptable
phase relationship as described above, the microprocessor
again disables oscillator 12 and pauses for a second prede-
termined period of time before re-enabling oscillator 12.

FIG. 2 shows a method for operating the circuit shown in
FIG. 1. The oscillator 12 first operates at the predetermined
frequency. Step 100. The phase detector is read. Step 102. A
reading every 5 ms has proven to be acceptable.

The phase is then evaluated to determine whether the
phase is acceptable. Step 104.

If the phase is not acceptable, the oscillator is turned off.
Step 106. The oscillator remains turned off for a first
predetermined period of time. Step 108. The length of time
the oscillator remains off is dependent upon the particular
application. A period of one minute has been found to be
acceptable if inductive power supply 6 is for used with
cooking utensils such as frying pans.

The oscillator is then energized. Step 110. The energiza-
tion of oscillator 12 is to probe to determine whether remote
device 8 was again drawing power. The oscillator could be
operated at the initial frequency or at a different “probe”
frequency. In some applications, it could be advantageous to
have a probe frequency different from the operating fre-
quency of the circuit. According to one embodiment, the
“probe” frequency is a predetermined frequency which is
outside the expected operating or resonant frequency for
remote device 8. For example, if remote device 8 is expected
to operate at a frequency, or a range of frequency’s between
40 KHz a 50 Hz, then probe frequency could be set at range
of 75 KHz to 80 KHz. In selecting a probe frequency, care
must be taken to avoid both the resonant frequency of the
circuit loaded and unloaded, but also any harmonic resonant
frequencies.

The phase is again read and evaluated. Steps 112, 114. If
the phase is acceptable, the circuit operates as usual. If the
phase is not acceptable, the oscillator is turned off. Step 106.
Monitoring then continues from that point.

The above described inductive power supply is ideal for
supplying power to a device intermittently using relatively
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large amounts of electrical energy. The power supply can
rapidly detect changes in the load requirements and then
automatically and temporarily shut down in order to avoid
damage to the power supply.

The above description is of the preferred embodiment.
Various alterations and changes can be made without depart-
ing 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 equivalents. Any references to claim elements in
the singular, for example, using the articles “a,” “an,” “the,”
or “said,” is not to be construed as limiting the element to the
singular.

The invention claimed is:

1. A circuit for powering a remote device comprising:

an inverter operating at the operating frequency;

a tank circuit including a capacitor and an inductor for

transferring power to the remote device;

a phase comparator for comparing the phase of the
voltage supplied to the tank circuit with the phase of the
voltage between the capacitor and the inductor of the
tank circuit and generating a first phase comparison;
and

a disabling means for disabling the inverter as a function
of the first phase comparison.

2. The circuit of claim 1 where the inverter further

comprises a first switch.

3. The circuit of claim 2 where the inverter further
comprises a driver coupled to the switch.

4. The circuit of claim 3 where the inverter further
comprises an oscillator for operating the switch at the
operating frequency.

5. The circuit of claim 1 further comprising:

a receiver for receiving an expected phase relationship

from the remote device;

wherein said disabling means disables the inverter as a
function of the first phase comparison and the expected
phase relationship for the device.

6. The circuit of claim 1 where the disabling means
disables the inverter based on the output of the phase
comparator being indicative that the phase of the voltage
supplied to the inductor and the phase of the voltage
supplied to the tank circuit are out of phase by a predeter-
mined amount.

7. The circuit of claim 6 where the circuit has a second
switch.

8. The circuit of claim 7 where the first switch and the
second switch are arranged in series.

9. The circuit of claim 1 where the disabling means is a
processor and the circuit further comprising:

a receiver for receiving an identifying code from the

remote device;

wherein the processor includes a memory for processing
the identifying code to look up an expected phase
relationship for the remote device from the memory, the
microprocessor compares the expected phase relation-
ship to the first phase comparison of the phase com-
parator to generate a second phase comparison and
disables the inverter as a function of the first phase
comparison and the second phase comparison.

10. The circuit of claim 8 where the disabling means is an

analog circuit.

11. The circuit of claim 8 where the disabling means is a
digital circuit.

12. A method of operating a circuit comprising:

operating an inverter at a first frequency to power a tank
circuit including a capacitor and an inductor;
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determining a first operating phase of the inverter;
determining a first operating phase of the voltage between
the capacitor and the inductor of the tank circuit;
comparing the first operating phase of the inverter to the
first operating phase of the voltage between the capaci-
tor and the inductor of the tank circuit to generate a first
comparison; and
disabling the inverter in response to the first comparison.
13. The method of claim 12 where the inverter includes an
oscillator, and the step of disabling the inverter includes
disabling the oscillator.
14. The method of claim 13 where disabling the inverter
comprises:
disabling the inverter in response to comparing the first
comparison with a value stored in a memory.
15. The method of claim 14 further comprising:
waiting for a period of time in response to the disabling;
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operating the inverter at a second frequency;
determining a second operating phase of the inverter;
determining a second operating phase of the voltage
between the capacitor and the inductor of the tank
circuit;
comparing the second operating phase of the inverter to
the second operating phase of the voltage between the
capacitor and the inductor of the tank circuit to generate
a second comparison; and
disabling the inverter in response to the second compari-
son.
16. The method of claim 15 where the first frequency is
the same as the second frequency.
17. The method of claim 15 where the first frequency is
different from the second frequency.
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