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(54) TITLE OF THE INVENTION
POWER TRANSFER DEVICE AND POWER TRANSFER METHOD

(57) What is claimed is:

[Claim 1]

A power transmission device designed to transmit power between a primary coil and a secondary coil, comprising:

signal generator means for generating and outputting an oscillation signal of a prescribed frequency;

current supply means for supplying current to be conducted on the primary coil;

drive means for driving and controlling conduction and interruption of the current supplied from the current supply means to the
primary coil based on the frequency of the oscillation signal,

the primary coil, which generates time-varying magnetic flux based on the frequency of the oscillation signal by conduction and
interruption of the current based on the drive control; and

the secondary coil, having a capacitance element connected in parallel, an induced electromotive force produced in accordance with

the time varying magnetic flux interlinkage generated in the primary coil, and a higher resonant frequency than the frequency of the

oscillation signal, and that together with the capacitance element, resonates the induced current generated based on the induced
electromotive force; wherein

power is transferred from the primary coil to the secondary coil based on the time varying magnetic flux interlinkage generated in the

primary coil generating the induced electromotive force in the secondary coil.

[Claim 2]
The power transfer device according to claim 1, wherein

the secondary coil rectifies and outputs the induced current generated by conduction and interruption of current in the primary coil.
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[Claim 3]
The power transfer device according to claim 1, wherein
the primary coil and secondary coil are respectively wound around cores with a prescribed shape, and
the core with the primary coil wound thereon and the core with the secondary coil wound thereon are arranged in a position with the
centers thereof mutually offset.

[Claim 4]

The power transfer device according to claim 3, wherein

the core with the primary coil wound thereon is formed with a larger cross-sectional area as compared to the core with the secondary
coil wound thereon.

[Claim 5]

The power transfer device according to claim 1, comprising:

detection means for detecting predetermined parameter fluctuations occurring in the primary coil;

control means that outputs a first or second control signal based on the detection results;

intermittent oscillation means that supplies the oscillation signal intermittently to the drive means at a prescribed timing for a
prescribed amount of time if the first control signal is supplied and supplies the oscillation signal to the drive means continuously if
the second control signal is supplied.

[Claim 6]

The power transfer device according to claim 1, comprising:

a tertiary coil provided separately from the primary coil and secondary coil,

detection means for detecting prescribed parameter fluctuations occurring in the tertiary coil;

control means that outputs a first or second control signal based on the detection results;

intermittent oscillation means that supplies the oscillation signal intermittently to the drive means at a prescribed timing for a
prescribed amount of time if the first control signal is supplied and supplies the oscillation signal to the drive means continuously if
the second control signal is supplied.

[Claim 7]

The power transfer device according to claim 6, wherein

the tertiary coil is arranged in the vicinity of the secondary coil and in a position that interlinks with the magnetic flux generated in
the primary coil.

[Claim 8]

The power transfer device according to claim 6 with the tertiary coil arranged in a position facing a prescribed metal member arranged
in a prescribed position of an electronic device having the secondary coil, comprising:

second signal generating means that generates and outputs a second oscillation signal at a prescribed frequency;

second current supply means that supplies current conducted in the tertiary coil; and

second drive means that drives and controls the current supplied from the second power supply means conducted in the tertiary coil
based on the frequency of the second oscillation signal.

[Claim 9]

A method of power transmission designed to transmit power between a primary coil and a secondary coil in an non-contact manner,
comprising:

driving and controlling current conduction in the primary coil based on the oscillation signal with a prescribed frequency;
producing time-varying magnetic flux in the primary coil through conduction and interruption of the current based on the drive
control at the frequency of the oscillation signal; and

resonating the current induced by the induced electromotive force of the secondary coil from interlinkage with magnetic flux
generated in the primary coil for transferring power from the primary coil to the secondary coil and generated by the induced
electromotive force at a frequency higher than the oscillation signal frequency.

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

10

20

30

40

50

60

3) JP3692541B2 Sept. 7, 2005
[Claim 10]
The method of power transfer according to claim 9, wherein
the induced current generated in the secondary coil at the timing when current conduction in the primary coil is interrupted is rectified
and output.

[Claim 11]

The method of power transfer according to claim 9, wherein

the primary coil and secondary coil consist of each being wound on a prescribed shaped core and the core centers thereof are arranged
in mutually offset positions.

[Claim 12]

The method of power transfer according to claim 11, wherein

the cross-sectional area of the core on which the primary coil is wound is larger than the cross-sectional area of the core on which the
secondary coil is wound.

[Claim 13]

The method of power transfer according to claim 9, comprising:

a detecting step of detecting prescribed parameter fluctuations that occur in the primary coil;

a controlling step of outputting a first or second control signal depending on the detection results; and

an intermittent oscillation switching step of driving and controlling intermittent conduction and interruption in the primary coil at
prescribed timing if the first control signal is supplied and driving and controlling continuous conduction and interruption in the
primary coil if the second control signal is supplied.

[Claim 14]

The method of power transfer according to claim 9, comprising:

a detecting step of detecting prescribed parameter fluctuations that occur in a tertiary coil provided separately from the primary coil
and the secondary coil;

a controlling step of outputting a first or second control signal depending on the detection results; and

an intermittent oscillation switching step of driving and controlling intermittent conduction and interruption in the primary coil at
prescribed timing if the first control signal is supplied and driving and controlling continuous conduction and interruption in the
primary coil if the second control signal is supplied.

DETAILED DESCRIPTION OF THE INVENTION

TECHNICAL FIELD

The present invention relates to a power transfer device and a power transfer method, and is suitable for application to a power
transfer device and a power transfer method used for a charging device that charges a secondary battery built into a small portable
electronic device via a non-contact terminal, for example.

BACKGROUND ART

In recent years, the demand for small portable electronic devices such as headphone stereos, camera-integrated VTRs, and mobile
communication terminal devices with reduced size has been increasing. These small portable electronic devices have a high-capacity
rechargeable secondary battery built in as a power source, which is charged using a prescribed charging device.

One such charging device is a contact type. A contact-type charging device has a spring-type electrical contact, for example, and the
electrical contact on the small portable electronic device is brought into contact with this contact to electrically connect the two, and
the charging current is supplied to the secondary battery in the small portable electronic device through the electrical path thus formed.

However, in this type of charging device, the contact parts may become oxidized or contaminated over time. This manner of oxidation
and contamination will cause poor contact between the two contact points, which will inhibit the supply of charging current to the
secondary battery.

A charging device that uses a non-contact type charging method is considered to avoid this manner of problems. One possible non-
contact charging method is to supply charge current from the charging device to the secondary battery using electromagnetic
induction.

In other words, the primary coil is provided at the terminal on the charging device side, and the secondary coil is provided at the
terminal on the small portable electronic device side, with the primary and secondary coils close together. When a current is applied to
the primary coil under these conditions, the primary coil generates a magnetic flux. For example, if the current flowing in the primary
coil is turned ON and OFF at regular intervals, the magnetic flux generated by the conduction of the current will vary with time. On
the secondary coil side, the induced electromotive force is generated by electromagnetic induction due interlinkage of time-varying
magnetic flux. The secondary coil uses the induced electromotive force as a power source to generate alternating current as AC
current w1th the dlrectlon of the current reversmg accordrng to the ON and OF F of the prlmary coil 31de conductlon The non-contact
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In this manner, the primary coil on the charging device side and the secondary coil on the small portable electronic device side are
brought into close proximity during charging, and power is transmitted from the primary coil side to the secondary coil side using a
magnetic connection through electromagnetic induction. A non-contact charging device can be implemented in this manner.

In a charging device of this configuration, the primary and secondary coils are built into the charging device and electronic device,
respectively, and power is transmitted from the primary coil to the secondary coil by electromagnetic induction enabling non-contact
power transfer.

However, in such a case, the coupling coefficient between the primary and secondary coils becomes worse with increased space
between the primary and secondary coils (for the specific magnetic permeability of air), and the amount of magnetic flux generated in
the primary coil interlinked to the secondary coil is reduced. For this reason, compared to a general transformer, a high degree of
coupling is difficult to achieve between the primary coil and the secondary coil in such a power transmission device.

This leads to the problem of low power transmission efficiency in power transmission devices as described above, due to power loss
caused by low coupling.

DISCLOSURE OF THE INVENTION

The present invention came about in light of the points described above and proposes a power transfer device and power transfer
method that improves the power transfer efficiency from the primary coil side to the secondary coil side.

In order to resolve the problems described above, the present invention is a power transmission device designed to transmit power
between a primary coil and a secondary coil and includes:

signal generator means for generating and outputting an oscillation signal of a prescribed frequency;

current supply means for supplying current to be conducted in the primary coil;

drive means for driving and controlling conduction and interruption of the current supplied from the current supply means to the
primary coil based on the frequency of the oscillation signal,

the primary coil, which generates time-varying magnetic flux based on the frequency of the oscillation signal by conduction and
interruption of the current based on the drive control; and

the secondary coil, having a capacitance element connected in parallel, an induced electromotive force produced in accordance with
the time varying magnetic flux interlinkage generated in the primary coil, and a higher resonant frequency than the frequency of the
oscillation signal, and that together with the capacitance element, resonates the induced current generated based on the induced
electromotive force; wherein

induced electromotive force is transferred to the secondary coil through interlinkage of the time-varying magnetic flux generated in
the primary coil.

In this manner, the resonant frequency of the secondary coil side is set to a higher frequency than the frequency of the transmission
signal of the primary coil side, which makes the apparent coupling coefficient between the primary and secondary coils higher by
reducing capacitance and this enables increasing the power transfer efficiency from the primary coil to the secondary coil.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram illustrating a configuration of a charging device and an electronic device according to embodiment 1 of the
present invention.

FIG. 2 is a circuit diagram illustrating the equivalent circuit of the electromagnetic induction part.

FIG. 3 is a chart describing the relationship between the drive frequency of the primary coil and the resonant frequency of the
secondary coil.

FIG. 4 is a chart describing the drive voltage provided to the primary coil according to the drive frequency.

FIG. 5 is a chart describing the induced voltage generated in the secondary coil.

FIG. 6 is a circuit diagram illustrating a configuration of a charging device and an electronic device according to embodiment 2 of the
present invention.

FIG. 7 is a chart describing the induced voltage generated in the secondary coil.

FIG. 8 is a schematic diagram illustrating a configuration of a charging device and an electronic device according to embodiment 3 of
the present invention.

FIG. 9 is a block diagram illustrating a configuration of a charging device and an electronic device according to embodiment 4 of the
present invention.

FIG. 10 is a chart illustrating control of induced voltage on the secondary coil side by varying the frequency of the primary coil side.
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