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A power supply for inductively powering a remote device has an inverter operating at an operating frequency and a primary coll, A
phase comparator compares the phase of the voltage or current delivered by the power supply. If the phase relationship detected
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by the comparator Is unacceptable, 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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phase relationship is again determined.

primary coil, A phase comparator compares the phase of the voltage or current delivered by the power supply. If the phase relation-
ship detected by the comparator is unacceptable, the inverter is disabled. After a period of time, the inverter is re-enabled, and the
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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 changing
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 1nductive power supply establishes a magnetic field from which the remote
device draws power. The instantaneous 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 transistors and other semiconductor devices, rendering the power

supply unusable.
An improved inductive circuit for powering a load is thus highly desirable.
In a broad aspect, the invention seeks to provide a circuit for powering a
remote device comprising an inverter operating at the operating frequency, and a tank circuit

including a capacitor and an inductor for transferring power to the remote device. As well,
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there is 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 phase comparison.

In a further aspect, the invention comprehends 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, 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 capacitor and the inductor of the tank circuit to generate a first comparison, and
disabling the inverter in response to the first comparison.

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

el - St

FIG. 1 shows an inductive power supply 6 for powering remote device 8.

Inverter 10 1s 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. Patent 6,825,620
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2a

entitled, "Inductively Coupled Ballast Circuit", which may be referred to for further details.

Remote device 8 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 and secondary induétor 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 ptovided 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 1s 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.
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Microprocessor 38 controls.the operation-of oscillator 12. When the:output of the phase

comparator is "0", then microprocessor 38 enables:the eperation.of inverter 1.0,

However; when the phase of the voltages:detected by phase comparator are out of

‘phase, microprocessor disables sth,'e?.-"o'p'er;a‘ti on of inverter 10, anid fhus im me'd'iatel:;f*%smps Turther power
from ﬂow’ing ‘tl'w'o,ugh tank circuit 20, Mtern-ativfe_l;{-, ‘microprocessor 38 could be :replaee‘d .-fby suitabile
-analog:or digital circuitry which-could disable oscillator 12 based upon the output of phase

comparator 36.

Phase:comparator 36 'ji.s:f:a-**si.m'.;j.l e go/no-go phase comparator. The phase detector is

-comprised-an exclusive=OR gate, a low pass filter, and:a-voltage comparator, The-low pass filter

provides-lingar phase information between 0°.and 90°.

A.l’tcrnati:mc.oly,,;.;a-fp,ﬁm's‘e=compamtol_‘.2316'%001171_& bed) gltlzed so‘as:to provide a scalar

‘quantity in'd;icati#e of the phase-difference between the two voltages. ‘If'so, then memory-40-would
contain values indicative of an:acceptable phase felationship and valuesiindicative:of an unaceeptable
phase relationship. Microprocessor 38 would read the-output:of phase comparator 36 and then
compare the read value with thevalues-within-memory 40.and then disable: the-operation of oscillator

‘The time delay-in volvedse sufltin:. g due to‘the use-of m icroprocessor 38 for phase:

detection could be:detrimental'in:some:applications. Ifthe Q of tankcircuit 20:is high,:the delay:
could result in damage to transistors 16, 18. However, if the'Q of tank circuit 20 wasssufficiently low,

‘microprocessor 38 could be used in some-applications.

Power supply ‘6:could also be-proyided with powersupply transceiver 42 for receiving

information from optional remote-device ‘transceiver 44. Remote device transceiver 44 would provide

information to inicroprocessor 38 regarding the.expected or acceptable phase relationship detected by

phase comparator 36, during power -itr:an.sfer to remote device 8. .Mﬁicrqpro,c.esjsm 38 could then store

this information within'memory 40 for use in-determining whetherremote device § was reeceiving
power. Microprocessor 38 then compares the-output of phase comparator 36 with information from
memory 8. Microprocessor 38 could then disable the operation of:oscillator 12 il needed. For

example; if remote device 8 requires that the phase relationship-measured by phase.detector 36 is no-
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more.than 45 degrees out of phase during:normal operation, and voltages measured by-phase detector
36-are 50 degrees out of phase, then microprocessor 38 could disable the operation of oseillator-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 co iii.‘d;:Stoife.;th'eif.exp'éetedﬁha-m:r'elatiOﬁSh;ip 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
comparethe output of phase:comparator 36 with the phase i nformation retrieved from memory 40, If.
the phase: information retrieved from memory 40-does not:correspond with thesoutput-of phase

comparator 36, then microprocessor-could disable:the operation-ofoscillator 12..

After microprocessor 38 has disabled oscillator 12 as describ ed above,:microprocessor

38 te-enables the operation-of oscillator 12 aftér a predetermined:period-of time. If'the outpuitof
phase comp arator 36 indicates:an.acceptable phase relationship g-z-;th.efrebyiiindica.tiﬁgfiﬂmt-ze'm;ote.-dev?;i ce

32 is-again ready to receive power; then:microprocessor 38 continues to:enable the operation:of

oscillater 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 predétermined period of time before re-enabling oscillator 12.

FIG. 2-shiows a-method for-operating thecircuit shown in FIG..1. "The:oscillator 12

first operates at the predetermined frequency. Step 100. The phase detectoris read. ‘Step'102. A

reading every 5 ms:has proven to be acceptable.

The phasé-is-then evaluated'to determine whether the phase isacceptable: Step 104,

fithe phase ;-:*i"s.r‘:rlﬁt.'acc.eptaﬁ.]ca, the.gscillatoris:turned off. S’t;'e;p 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 utensilssuch as frying

pans,
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The oscillator is then-energized. Step 110. The:energization 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 oi at-a different “probe" frequency. In some applications,it could'bé.

advantageous-to have a:probe frequen cy different from the operating frequency ofthe circuit.
According to.one embodiment, the “probe” frequency is-a predetermined frequen qy»»wfljtifc'“h is outside
the expected operating or resonant:frequency for remote-device-8. For-example, if remote-device 8 1s
-expected 10-operate at-a frequency,-orarange of fre quency ‘s between 40 KHza 50 Hz, then ,,p-'ro‘be
frequency could besetatrangeof 75 KHzto 80 KHz. In.selecting a:probefrequency, care mustbe

taken to'avoid bétli the resonant frequency of the €ircuit loaded and unloaded, but also-any harmonic

Tesonant'irequencies.

‘The.phase is agai n-read and evaluated, ;S?_t-e,,..ps 112, 114, Ifthe:phase ':i‘s.s-apc'c;pta’ﬁflc-? the
circuit operates-as usual, Tf the:phasé isnot acceptable, the oscillator is turned off. Step106.
Monitoring then contiiues from that poirit:

The-above described ‘inductive power supply-is ideal for:supplying power to.a' device
intermittently using relatively large amounts of electrical energy. The power supply-can-rapidly detect

charigés-in the load:requirements.and thien automatically and termporarily 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 depaiting from/the spiritand 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

articlesa,” “an,™*the,” or “said;” is:notto be construed as {initing the-element to the singular.
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WHAT IS 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.
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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 predetermined 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 1n 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 relationship to the first phase comparison of the phase comparator 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 capacitor 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;
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 comparison.
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16. The method of claim 15 where the first frequency 1s 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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