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[NDUCTfVE POWER SUPPLY , REMOTE D E I CE POWERED BY INDUCTIVE
POWER SUPPLY AND METHOD FOR OPERATING SAME

BACKGROUND OF THE INVENTION

The invention relates to inductive power supplies, and more specifically to a

configuration for inductively powering a load based on the power requirement o f that load

Inductively powered remote devices are very convenient. An induciive power

supply provides power to a device w ithout direct physical connection In those dev ices using

inductive power, the device and the inductive power supply are typically designed no that the

dev ice works only with one particular type of inductive power supply . This requires that each

device have a uniquely designed inductive power supplv .

It would be preferable to have an inductive power supply capable of supplying

power to a number of different devices,

SUMMARY O F THE INVENTION

The foregoing deficiencies and other problems presented by convent ional inductive

charging arc resolved by the inductive charging system and method of the present invention.

According to one embodiment an inductive power supply is comprised of a switch

operating at a frequency, a primary energized by the switch, a primary transceiver for receiv ing

frequency change information from a remote device; and a controller foi changing the frequency

in response to the frequency change information.

According to a second embodiment, a remote device capable o f energisation K an

inductive power supply is comprised of a secondary, a load, a secondary controller for determining

the actual voltage across the load; and a secondary transceiver for sending frequency adjustment

instructions, to the inductive power supply.

According to yet another embodiment, a method of operating an inductive power

supply it. comprised of energizing a primary at an initial frequency, polling a remote device and if

there is no response from the remote device, turning off the primary.

According to yet another embodiment, a method of operating a remote device the

iemote device hav ing a secondary for receiving power at an operating frequency from an inductive



power supply and powering a load, is comprised of comparing a desired voltage with an actual

voltage; and sending an instruction to the inductive power supply to correct the actual voltage,

BRIEF D E SCRIPTION QF THE DRAWINGS

5 FlG. 1 shows a system tor inductively powering a remote device.

FIG. 2 is a look-up table for use bv the system.

FIG. 3 is a flow chart for the operation of secondary controller.

FiG. 4 is a flow chart for the operation of a primary controller.

DETAH FD PKSCRIPriO N OF THE DRAWINGS

IO FIG. 1shows a system for inductively powering a remote device. AC (alternating

current) power supply 10 provides power to inductive power supply 9 , DC (diicct current) power

supply 12 converts AC power to DC power. Switch 14 in turn operates to convert ' he DC power

to AC power. The AC power provided by switch 14 then powers tank circuit 16.

Switch 14 could be any one of many types of switch circuits such a s a half-bridge

15 inverter, a full-bridge inverter, or any other single transistor, two transistor or four iransistor

switching circuits. Tank circuit 16 is shown as a series resonant tank circuit but a aarallc!

resonant tank circuit could also be used. Tank circuit !ό includes primary 18, Primary 18

energizes secondary 20, thereby supplying power to load 22. Primary 18 is preferably air-core or

coreless,

0 Power monitor 24 senses the voltage and current provided by DC power supply 12

to switch 14. The output of power monitor 24 is provided to primary controller 26. Primary

controller 26 controls the operation of switch S4 as well as other devices. Priman controller 26

can adjust the operating frequency of switch 14 so that switch 14 can operate over a range of

frequencies. Primary transceiver 28 is a communication dev ice for receiving d at acommun ication

5 from secondary transceiver 30. Secondary controller 32 senses the voltage and current provided to

load 22.

Primary transceiver 28 could be any of a myriad of wireless communication

devices. It could also have more than one mode of operation so as accommodate different



secondary transceivers. For example, primary transceiver 28 could allow RFlD, IR, 802. 11(b),

802.1 l(g), cellular, or Bluetooth communication.

Primary control icr 26 performs several different tasks. It periodically polls power

monitor 24 to obtain power information Primary controller 26 also monitors transceivre 28 for

communication from secondary transceiver 30. If controller 26 is not receiving communication

from secondary transceiver 30, controller 26 periodically enables the operation of switch 14 for a

brief period of time m order to provide sufficient power to any secondary to all ow secondary

transceiver 30 to be energi/xd If a secondary is drawing power, then controlle - 26 controls the

operation of switch 14 in order to insure efficient power transfer to load 22. as described in more

detail below. Controller 26 is also responsible for routing data packets through pr imary

transceiver 28, as discussed in more detail below. According to one embodiment, controller 26

directs switch 14 to provide power at 30-100 kilohertz (kHz). According to this em bodiment.

Controller 26 is clocked at 36.864 megahertz (MHz) to provide acceptable frequency icsoliition

while also performing the tasks described above.

Power monitor 24 monitors the AC input current and voltage Power monitor 24

calculates the mean power consumed by the device. It does so by multiplying instantaneous

\oltagc and current samples to approximate the power consumed. Power monitor 14 also

calculates RMS (Root Mean Square) voltage and current current creating factor and other

diagnostic values Because the current is non-sinusoidal, the effective power consumed generally

differs from the apparent power (Vms * 1m s ).

To increase the accuracy of the power consumption calculation, current samples

can be multiplied with values interpolated from the voltage samples. Each voltage/current product

is integrated and held for one full AC cycle. It is then divided by the sample rate to obtain the

average power over one cycle. After one cycle, the process is repeated.

Power monitor 24 could be a specially designed chip or the power monitor 24 could

be a controller with attendant supporting circuitry



According to the illustrated embodiment, power monitor 24 references ils ground

with respect to the neutral side of The AC power line, while primary controller 26 aid switch 14

reference a ground based on their own power supply circuitry. Λs a consequence, the serial link

between power monitor 24 and primary controller 26 is bidirectionally- optoisolated.

Secondary controller 32 is powered by secondary 2(1 Secondary 20 is preferably

air-core or coreless. Secondary controller 32 may have less computational ability than power

monitor 24. Secondary controller 32 monitors the voltage and current with reference to secondary

20. and compares the monitored voltage or current with the target voltage or current required by

load 22 The target voltage or current is stored in memory 36 Memory 36 is preferably non-

volatile so that the information is not lost at power off. Secondary 32 also requests appropriate

changes in the operating frequency of switch 14 by piiinary controller 26 by wa\ o f secondary

transceiver 30.

Secondary controller 32 monitors waveforms with a frequency of around 40 K.H7

(kilohertz) Secondary controller 32 could perform the task of monitoring the waveforms in a

manner similar to that of power monitor 24. If so, then peak detector 34 would be optional

Peak detector 34 determines the peak voltage across secondary 24, load 22 or

across any other component within remote device 11.

If secondary controller 32 has insufficient computing power to perform

instantaneous current and voltage calculations, then a lookup table could be provided in memory

36 The lookup table includes correction factors indexed by the drive frequency and applied to the

voltage observed by peak detector 34 to obtain the actual voltage across seconc ary 20. Memory

36 could be a 128-bytc array in an EFPROM memory of 8-bit correction factors. The correction

factors arc indexed by the frequency of the current. Secondary controller 32 receives the

frequency from controller 26 by way of primary RXTX 28 Alternative ) , if secon dary controller

32 had more computational ability, it could calculate the frequency. Memory 36 also contains the

minimum power consumption information for remote device 11.



The correction factors arc unique for each load. For example, an MP3 player acting

as a remote dev ice would have different correction factors than an inductively powered light or an

inductive heater In order to obtain the correction factors, the remote device would be

characterized Characterization consists of apply ing an AC voltage and then varying the

frequency. Hie true RMS voltage is then obtained by using a voltmeter or oscilloscope. The true

RMS voltage is then compared with the peak voltage in order to obtain the correction factor. The

correction factors for each frequency is then stored in memory 36. One type of correction factor

found to be suitable is a multiplier The multiplier is found by dividing the true RMS voltage w ith

the peak voltage.

FIG. 2 is a table showing the correction factors for a specific load When using a

PlC1 8F microcontroller, the PR2 register is used to control the period of the o u tput voltage, and

thereby the frequency of the output voltage. The correction factors can range from Dto 255. The

correction factor vuihiπ the table are 8-bit fixed-point fractions. In cider to access the correction

factor. the PR2 register for the PIC 18F microcontroller is read. The least signs leant bit is

discarded, and that value is then used to retrieve the appropriate correction factor.

It has been found to be effective to match the correction factor with the period. As

is well known, the period is the inverse of frequency. Since many microcontrollers such as the

PIC I8F have a PWM (pulse width modulated) output where the period of the output is dictated by

a register, then the lookup table is indexed by the period of the PWM output.

Secondary transceiver 30 could be any of many different types of w reless

transceivers, such as an RFlD (Radio Frequency identification), IR (Infra-red). Bluetooth.

802. 11{b). 802. 1l (g), or cellular, if secondary transceiver 30 were an RFl D tag, secondary

transceiver 30 could be either active or passive in nature.

MG. 3 shows a flow chart for the operation of secondary contro ler M . The peak

\oltage is read by peak detector 34. Step 100. The frequency of the circuit is then obtained by

secondary controller 32 either from controller 26 or by computing the frequency itself. Step 102.

I'he frequency is then used to retrieve the correction factor from memory 36. Step 104 The



correction factor is then applied to the peak voltage output from peak detector 34 t odetermine the

actual voltage Step 106.

The actual voltage is compared with the desired voltage stored in memory 36. If

the actual Voltage is less than a desired voltage, then an instruction Is sent to the primary controller

to decrease the frequency. Steps 110, 112 , If the actual voltage is greater than the desired Voltage

then an instruction is sent to the primary controller to increase the frequency. Steps 114, 116.

This change in frequency causes the power output of the circuit to c hange. If the

frequency is decreased so as to move the resonant circuit closer to resonance, then he power

output of the circuit is increased. If the frequency is increased, the resonant circuit moves farther

from resonance, and thus the output of the circuit is decreased.

Secondary controller 32 then obtains the actual power consumption from prim an

controller 26 Step 117. If the actual power consumption is less than the minimum power

consumption for the load, then controller disables the load and the components enter a quiescent

mode. Steps 118. 120.

FIG. 4 is a flow chart for operation of primary controller 26 Primary 18 is

energized at a probe frequency. Step 200. The probe frequency could be preset or it could be

determined based upon any prior communication with a iemote device. According to this

embodiment, load 32 periodically writes the operating frequency to memory 36. 11 secondary 20 is

de-energized, and subsequently re-energized, secondary controller retrieves the lasi recorded

operating frequency from memory 36 and transmits that operating frequency to primary controller

26 by way of secondary RXTX 30 and primary RXTX 28. The probe frequency should be such

that secondary transceiver 30 would be energized.

The secondary transceiver 30 is then polled Step 202. The sysrem then waits for a

reply . Step 204 Tf no reply is received, then primary 18 is turned off. Step 2C6. After a

predetermined time, the process of polling the remote device occurs again.

if a reply is received from secondary transceiver 30, then the operating parameters

are received from secondary controller 32. Step 208. Operating parameters include, but are not



limited to initial operating frequency, operating voltage, maximum voitagc. and operating current,

operating power Primary controller 26 then enables switch 14 to energize prim ary 18 at the initial

operating frequency. Step 2 10. Primar) controller 26 sends power information to secondaty

controller 32. Step 212. Primary 18 energizes secondary 20. Primary controller 26 then polls

secondary controller 32. Step 2 14.

If primary controller 26 gets no reply or receives an "enter quiesceni mode"

command from secondary controller 32, the switch 14 is turned off (step 206), and the process

continues from that point.

If primary controller 26 receives a reply, then primary controller 26 extracts any

frequency change information from secondary controller 32. Step 2 18. Primary ccntrolier 26 then

changes the frequency in accordance with the instruction from secondary controllet 32. Step 220.

After a delay (step 222), the process repeats by primary controller 26 sending infer nation to

secondary controller 32. Step 212

The above description is of the preferred embodiment. Various alterations and

changes can be made without departing from the spirit and broader aspects of t he 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.



CLAIMS

The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. Λn inductive power supph comprising:

a switch operating at a frequency;

a primary energized by the switch;

a pπmary transceiver for receiving frequency change information from a remote

device; and

a controller for changing the frequency in response to the frequency change

information.

2 . The inductive power supply of claim 1 further comprising:

a power monitor for determining power consumption information by the inductive

power supply.

3 . The inductive power supply o f claim 2 where the primar) transceiver sends the

power consumption information to the remote dev ice.

4 . "Jhe inductive power supply o f claim 3 further comprising a tank circuit where the

primars is part of the tank circuit.

5. The inductive power supply of claim 4 w here the tank circuit is a series resonant

tank circuit

6. The inductive power supply of claim 4where the tank circuit is a parallel resonant

tank circuit.

7. Λ remote device capable of energisation by an inductive power supply comprising:

a secondary:

a load;

a secondary controller for determining the actual voltage across the load: and

a secondary transceiver for sending frequency adjustment instructions to the

inductive power supply.



8 . The remote device of claim 7 further comprising.

a peak detector.

9 . The remote device of claim S where the secondary controller determines the actual

voltage across the load from a peak detector output.

10. The remote device of claim 9 further comprising:

a memory containing a database, the database having a plurality of values indicative

of the actual voltage, the database indexed by the peak detector output.

11. The remote device of claim 10 where the database is aiso indexed b > an operating

frequency.

12. The remote device of claim 11 where the memory contains a minimum power

consumption.

13. The remote device of claim 12 further comprising a secondary transceiver

14. The remote device of claim 13 where the secondary transceiver is capable of

receiving power consumption information from the inductive power supply and the secondary

controller compares the power consumption information with the minimum power consumption.

15 A method of operating an inductive power supply comprising:

energizing a primary at an initial frequence;

polling a remote device; and

if there is no response from the remote dev ice, turning off the primary.

l 6 . 1he method of operating an inductive supply of claim 15 furthe compri sing

if there is a response from the remote device, then obtaining an operating frequency

from the remote device, and

energizing the primary at the operating frequency

17 The method of operating an inductive supply of claim 16 furthe comprising:

receiving frequency change information from the remote device; and

changing the operating frequency based upon the frequency change information



18 . The method of operating an inductive supply of claim 17 further comprising:

receiving from the remote device a quiescent mode instruction; and

turning off the primary in response to the quiescent mode instruction.

1 The method of operating an inductive supply of claim 18 further comprising:

determining a consumed power by the primary; and

transmitting the consumed power to the remote device.

20. A method of operating a remote device, the remote device having a secondary for

receiving power at an operating frequency from an inductive power supply and powering a load,

comprising:

comparing a desired voltage with an actual voltage; and

sending an instruction to the inductive power supply to correct the actual voltage.

2 1. The method of operating a remote device of claim 20 where the actual voltage and

desired voltage are with reference Io a voltage across the secondary.

22. The method of operating a iemote device of claim 2 1 where the instruction is a

command to the inductive power supply to change the operating frequency,

23. The method of operating a remote device of claim 22 where the step of comparing a

desired voltage with an actual voltage further comprises:

reading a peak voltage.

24. The method of operating a remote device of claim 22 where the step of comparing a

desired voltage with an actual voltage further comprises:

retrieving from memory a correction factor; and

applying the correction factor to the peak voltage to obtain the actual voltage.

25 The method of operating a remote device of claim 22 where the step of comparing

applying the correction factor comprising multiplying the peak voltage by the correction factor.

26. The method of operating a remote device of claim 23 further comprising:

if the actual voltage is greater than desired voltage, then the eoirmand Io the

inductive power supply includes an instruction to increase the operating frequency.



27. The method of operating a remote device of claim 23 further comprising:

if the actual voltage is less than desired voltage, then the command to the inductive

power supply includes an instruction to decrease the operating frequency.
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