DESCRIPTION

Title of Invention

WIRELESS POWER SUPPLY SYSTEM

Technical Field

[0001]

The present invention relates to a wireless power supply system
which creates a magnetic resonant state for contactless power

transmission.

Background Art

[0002]

Examples of traditionally known wireless power supplying
technology include one involving electromagnetic induction,
and one that uses electromagnetic waves. To add this, a
wireless power-supply technology involving a magnetic resonant
state has been proposed in recent years.

[0003]

A power supplying technology involving this magnetic resonant
state (also known as: magnetic resonance, magnetic field
resonance, magnetic field resonance) is a technology which
enables transmission of energy (power) by means of
electromagnetic coupling between two resonators resonating
with each other. Unlike a wireless power-supply technology
involving electromagnetic induction, this wireless

power-supply technology involving the magnetic resonant state



allows transmission of energy (power) for a longer distance.
[0004]

However, in the above-described power supplying technology
involving a magnetic resonant state, there is a problem that
unstable electromagnetic coupling between the two resonators
lead to a drop in the power transmission efficiency.

[0005]

To address such a problem, for example, PTL 1 discloses a
wireless power supply system in which deterioration in power
transmission efficiency of power from a power transmission
device to a power-receiving device is prevented by varying the
resonance frequencies of a power transmission resonance coil
and a power receiving resonance coil so as to successively vary
the coupling strength between these coils and maintain the
resonant state, even when the distance between these coils
varies. Further, PTL 2 discloses a wireless power device whose
overall power transmission efficiency is improved by varying
the coupling strength between a power transmission coil and
a power receivingcoil. Further, PTL 3 discloses a power supply
system having a power supplying resonance coil and a power
receiving resonance coil between a power supplying coil and
a power receiving coil, in which system a distance C between
the power supplying resonance coil and the power receiving
resonance coil is detected at a time of conducting contactless

power supply, and a distance a between the power supplying coil



and the power supplying resonance coil and a the distance b
between the power receiving coil and the power receiving
resonance coil is variably adjusted according to the distance

C, so as to maximize the power-supplying efficiency.
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Summary of Invention

Technical Problem

[0007]

Indeed, the above-mentioned disclosed technologies prevent
deterioration in the power transmission efficiency. However,
the above-mentioned disclosed technologies necessitate
control devices for varying the resonance frequency, for
varying the coupling strength between two resonators, and for
adjusting the distances between the power supplying coil and

the power supplying resonance coil and between the power



receiving coil and the power receiving resonance coil. This
causes a complex structure and an increase in costs.

[0008]

In view of the above problem, an object of the present invention
is to provide a wireless power supply system which maintains
a stable state of electromagnetic coupling between two
resonators, thus enabling expansion of a space region in which
power transmission is possible with stable power transmission
efficiency, without a need of traditionally-needed control
devices for varying a resonance frequency, for varying coupling
strength between two resonators, and for adjusting distances
between a power supplying coil and a power supplying resonance
coil and between a power receiving coil and a power receiving
resonance coil.

Solution to the Problem

[0009]

An aspect of the present invention to achieve the above object
is a wireless power supply system configured to transmit power
as magnetic field energy from a power supplying resonance coil
to a power receiving resonance coil by resonating the power
supplying resonance coil with the power receiving resonance
coil, wherein a coil diameter of the power receiving resonance
coil is made smaller than a coil diameter of the power supplying
resonance coil.

[0010]



In the above structure, the coil diameter of the power receiving
resonance coil is made smaller than the coil diameter of the
power supplying resonance coil. In cases where the coil
diameter of the power receiving resonance coil is made smaller,
a stable state of electromagnetic coupling between the power
supplying resonance coil and the power receiving resonance coil
is maintained, without a need of adjusting the frequency of
power transmitted or the like. That is, when the power
supplying resonance coil and the power receiving resonance coil
have the same diameter as in a traditional case, a range of
distance in which the electromagnetic coupling is stabilized
has been extremely small. This often necessitated adjustment
of the frequency of power transmitted or the like. However,
with the present invention, the stable state of the
electromagnetic coupling is maintained within a broader range
of distance than the traditional case. Therefore, the work
for adjusting the frequency of power transmitted or the like
is no longer necessary. Thus, at a time of transmitting power
from the power supplying resonance coil to the power receiving
resonance coil, it is possible to expand the space region in
which power transmission 1is possible with stable power
transmission efficiency.

[0011]

The above aspect of the present invention may be adapted so

that a ratio of the coil diameter of the power supplying



resonance coil and the coil diameter of the power receiving
resonance coil falls within a range of 100:7 to 100:15.
[0012]

The above structure in which the ratio of the coil diameter
of the power supplying resonance coil and the coil diameter
of the power receiving resonance coil is set within a range
of 100:7 to 100:15 maintains the electromagnetic coupling
between the power supplying resonance coil and the power
receiving resonance coil at a further stable state. That is,
the electromagnetic coupling is maintained at the stable state
within a further broader range of distance. Thus, at a time
of transmitting power from the power supplying resonance coil
to the power receiving resonance coil, it is possible to further
expand the space region in which power transmission is possible
with stable power transmission efficiency.

[0013]

The above aspect of the present invention may comprise: a power
supply unit configured to supply power which is an alternating
current; a power supplying coil connected to the power supply
unit and is configured to supply the power to the power supplying
resonance coil by means of electromagnetic induction; a power
receiving coil to which the power is supplied from the power
receiving resonance coil by means of the electromagnetic
induction; and a power supplying/receiving unit connected to

the power receiving coil.



[0014]

With the above structure, the power supplied from the power
supply unit is transmitted from the power supplying coil to
the power supplying resonance coil by means of electromagnetic
induction, without a need of creating the magnetic resonant
state. Similarly, the power having been received 1is
transmitted from the power receiving resonance coil to the
power receiving coil and output to the power
supplying/receiving unit by means of electromagnetic induction,
without a need of creating the magnetic resonant state. Since
there is no need of tuning the power supplying coil and the
power supplying resonance coil at the resonance frequency, and
tuning the power receiving resonance coil and the power
receiving coil at the resonance frequency, it is possible to
simplify the design.

[0015]

Another aspect of the present invention to achieve the above
object is a wireless power-supply method which transmits power
as magnetic field energy from a power supplying resonance coil
to a power receiving resonance coil by resonating the power
supplying resonance coil with the power receiving resonance
coil, wherein a coil diameter of the power receiving resonance
coil is made smaller than a coil diameter of the power supplying
resonance coil.

[0016]



In the above method, the coil diameter of the power receiving
resonance coil is made smaller than the coil diameter of the
power supplying resonance coil. In cases where the coil
diameter of the power receiving resonance coil is made smaller,
a stable state of electromagnetic coupling between the power
supplying resonance coil and the power receiving resonance coil
is maintained, without a need of adjusting the frequency of
power transmitted or the like. That is, when the power
supplying resonance coil and the power receiving resonance coil
have the same diameter as in a traditional case, a range of
distance in which the electromagnetic coupling is stabilized
has been extremely small. This often necessitated adjustment
of the frequency of power transmitted or the like. However,
with the present invention, the stable state of the
electromagnetic coupling is maintained within a broader range
of distance than the traditional case. Therefore, the work
for adjusting the frequency of power transmitted or the like
is no longer necessary. Thus, at a time of transmitting power
from the power supplying resonance coil to the power receiving
resonance coil, it is possible to expand the space region in
which power transmission 1is possible with stable power
transmission efficiency.

Advantageous Effects

[0017]

Unlike a traditional structure, it is possible to provide a



wireless power supply system which maintains a stable state
of electromagnetic coupling between two resonators while
preventing a drop in the power transmissionefficiency, without
a need of control devices for varying the resonance frequency,
for varying coupling strength between two resonators, and for
adjusting distances between a power supplying coil and a power
supplying resonance coil and between a power receiving coil

and a power receiving resonance coil.

Brief Description of Drawings

[0018]

[Fig. 1] FIG. 1 is an explanatory diagram of a wireless power
supply system related to the present invention.

[Fig. 2] FIG. 2 is a structural diagram of a wireless power
supply system related to an example.

[Fig. 3] FIG. 3 shows an example measurement of an insertion
loss, in relation to an example.

[Fig. 4] FIG. 4 is a graph plotting coupling coefficient K when
a distance C is varied in an example.

[Fig. 5] FIG. 5 is a graph related to Comparative Example 1,
and shows power transmission efficiency with variation in the
distances between a power supplying resonance coil and a power
receiving resonance coil.

[Fig. 6] FIG. 6 is a graph related to Example 1, and shows power

transmission efficiency with variation in the distance between



a power supplying resonance coil and a power receiving
resonance coil.

[Fig. 7] FIG. 7 is a graph related to Example 2, and shows power
transmission efficiency with variation in the distance between
a power supplying resonance coil and a power receiving
resonance coil.

[Fig. 8] FIG. 8 is an explanatory diagram of a wireless power

supply system related to Embodiment 1.

Description of Embodiments

[0019]

First, the following describes an overview of a wireless power
supply system and a wireless power-supply method related to
the present invention, with reference to Fig. 1.

[0020]

A wireless power supply system 101 related to the present
invention transmits power as magnetic field energy from a power
supplying resonance coil 105 to a power receiving resonance
coil 108, by resonating the power supplying resonance coil 105
with the power receiving resonance coil 108. A characteristic
of this wireless power supply system 101 is that the coil
diameter E of the power receiving resonance coil 108 is made
smaller as compared with the coil diameter D of the power
supplying resonance coil 105.

[0021]

10



The power supplying resonance coil 105 and the power receiving
resonance coil 108 are a resonator adopting a coil such as a
spiral type, a solenoid type, and a loop type coils. Resonance
is a phenomena in which the power supplying resonance coil 105
and the power receiving resonance coil 108 are tuned to a
resonance frequency (e.g., this takes place when power is
output from an AC power source 106 at a frequency identical
to the resonance frequency of the power supplying resonance
coil 105 and the power receiving resonance coil 108). Note
that the coil diameter means a length of the coil relative to
a radial direction.

[0022]

The above system maintains a stable state of electromagnetic
coupling between the power supplying resonance coil 105 and
the power receiving resonance coil 108, without a need of
adjusting the frequency of power transmitted or the 1like. When
the power supplying resonance coil 105 and the power receiving
resonance coil 108 have the same diameter as in a traditional
case, the range of distance in which electromagnetic coupling
occurs 1s extremely narrow, consequently necessitating
adjustment of the frequency of power transmitted or the like.
However, with the above structure, stable electromagnetic
coupling is maintained within a broader range than the
traditional structures. This eliminates the need for work of

adjusting the frequency of power transmitted or the 1ike. This,
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at a time of transmitting power from the power supplying
resonance coil 105 to the power receiving resonance coil 108,
enables expansion of a space region in which power transmission
is possible with a stable power transmission efficiency, and
broadens the range of use of the wireless power supply system;
e.g., for supplying power to a power supplying/receiving unit
109 including a battery or the like, which is carried to any
given place.

[0023]

(Examples)

Next, the following describes a wireless power supply system
1 which is the above described wireless power supply system
101 realized with a simple structure.

[0024]

(Structure of Wireless Power Supply System 1)

The wireless power supply system 1 shown in Fig. 2 includes
a power transmission device 10 and a power-receiving device
12, and transmits power as magnetic field energy from the power
transmission device 10 to the power-receiving device 12. The
power transmission device 10 has therein a power supplying coil
4 and a power supplying resonance coil 5, as shown in Fig. 2.
The power supplying coil 4 is connected to an output terminal
21 of a network analyzer 20 (Agilent Technologies, Inc.), in
place of an AC power source. The power-receiving device 12

has therein a power receiving coil 7 and a power receiving
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resonance coil 8. The power receiving coil 7 is connected to
an input terminal 22 of the network analyzer 20, in place of
a power supplying/receiving unit.

[0025]

The network analyzer 20 enables output of AC power at any given
frequency, from the output terminal 21 to the power supplying
coil 4. This network analyzer 20 is capable of measuring power
input from the power receiving coil 7 via the input terminal
22. The network analyzer 20 is further capable of measuring
an insertion loss "S21" shown in Fig. 3, a coupling coefficient
shown in Fig. 4, and power transmission efficiency, as
hereinafter detailed.

[0026]

The power supplying coil 4 plays a role in supplying power given
from the network analyzer 20 to the power supplying resonance
coil 5, by means of electromagnetic induction. The power
supplying coil 4 is formed by winding once a copper wirematerial
(coated by insulation film) having a wire diameter of 1 mm¢,
and 1its diameter is set for use 1in each of examples and
comparative examples. Where the distance between the power
supplying coil 4 and the power supplying resonance coil 5 is
A, the distance A is fixed to a predetermined value in the
examples and the comparative examples.

[0027]

The power receiving coil 7 plays a role in outputting the power

13



having been transferred as the magnetic field energy from the
power supplying resonance coil 5 to the power receiving
resonance coil 8 to the input terminal 22 of the network analyzer
20 by means of electromagnetic induction. The power receiving
coil 7 is formed by winding once a copper wire material (coated
by insulation film) having a wire diameter of 1 mmd, and its
diameter is set for use in each of examples and comparative
examples. Where the distance between the power receiving
resonance coil 8 and the power receiving coil 7 is B, the
distance B is fixed to a predetermined value in the examples
and the comparative examples.

[0028]

The power supplying resonance coil 5 and the power receiving
resonance coil 8 are each an LC resonance circuit and plays
a role in creating a magnetic resonant state. ©Note that, in
the present embodiment, a capacitor component of the LC
resonance circuit is realized in the formof an element; however,
the capacitor component may be a stray capacitance generated
by making both ends of the coil open. Where the inductance
is L, and the capacity of capacitor is C in the LC resonance
circuit, the F determined by (Formula 1) is the resonance
frequency.

f=1/ (m/(LC)) -+ (Formula 1)

[0029]

The power supplying resonance coil 5 has a diameter which is

14



set for use in each of the examples and comparative examples,
and is formed by winding more than once a copper wire material
(coated by insulation film) having a wire diameter of 1 mmd
to achieve that diameter of the power supplying resonance coil.
The power receiving resonance coil 8 has a diameter which is
set for use in each of the examples and the comparative examples,
and is formed by winding more than once a copper wire material
(coated by insulation film) having a wire diameter of 1 mmd
to achieve that diameter of the power receiving resonance coil.
As shown in Fig. 2, the diameter of the power supplying resonance
coil is the coil diameter D and the diameter of the power
receiving resonance coil is the coil diameter E. Since the
resonance frequency F determined by (Formula 1) need to be the
same for the power supplying resonance coil 5 and the power
receiving resonance coil 8, the resonance frequency is tuned
to 15.3 MHz.

[0030]

As described, when the resonance frequencies of the power
supplying resonance coil 5 and the power receiving resonance
coil 8 are made the same value, a magnetic resonant state is
created between the power supplying resonance coil 5 and the
power receiving resonance coil 8. Bringing the power supplying
resonance coil 5 to a resonant state to create the magnetic
resonant state enables transmission of power as magnetic field

energy therefrom to the power receiving resonance coil 8.
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[0031]

The distance between the power supplying resonance coil 5 and
the power receiving resonance coil 8 is set to C. This distance
C is varied for use in each of the examples and comparative
examples.

[0032]

(Measurement Method)

Next, with the use of the network analyzer 20, the coupling
coefficient K was measured with the power supplying resonance
coil 5 and the power receiving resonance coil 8 spaced from
each other by various distances C. In the measurement, while
the coil diameter of the power supplying resonance coil 5 was
fixed to 100 mm¢, the coil diameter E of the power receiving
resonance coil 8 was changed to 13 mm¢, 25 mm¢d, 55 mmd, and
100 mm¢. The coupling coefficient K is an index to indicate
the strength of coupling between the power supplying resonance
coil 5 and the power receiving resonance coil 8.

[0033]

When measuring the coupling coefficient Kk, for example, the
coil diameter E of the power receiving resonance coil 8 was
set to 100 mm¢, and the insertion loss "S21" was measured while
the distance C was changed within a range from 0 to 160 mm.
Similarly, the insertion loss "S21" was measured while the coil
diameter of the power receiving resonance coil 8 was changed

to 13 mm¢, 25 mmp, and 55 mmd¢. In the graph of Fig. 3, the
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horizontal axis shows the frequency of the output from the
output terminal 21 and the vertical axis shows the insertion
loss "S21".

[0034]

Strong coupling between the power supplying coil 4 and the power
supplying resonance coil 5 influences the coupling state
between the power supplying resonance coil 5 and the power
receiving resonance coil 8, making accurate measurement
difficult. For this reason, it was necessary to keep the
distance A between the power supplying coil 4 and the power
supplying resonance coil 5 at a distance such that the power
supplying resonance coil 5 was sufficiently driven, thus
generating the magnetic field thereof, and yet coupling between
the power supplying coil 4 and the power supplying resonance
coil 5 was avoided as much as possible. For the similar reason,
it was necessary to keep the distance B between power receiving
resonance coil 8 and the power receiving coil 7 at a distance
such that the power receiving resonance coil 8 was sufficiently
driven, thus generating the magnetic field thereof, and yet
coupling between the power receiving resonance coil 8 and the
power receiving coil 7 was avoided as much as possible.
[0035]

The insertion loss "S21" indicates a signal passing the input
terminal 22 when a signal is input from the output terminal

21. The insertion loss "S21" is indicated in decibel, and the

17



greater the value, the higher the power transmissionefficiency.
The power transmission efficiency is a rate of power output
to the input terminal 22 relative to the power supplied from
the output terminal 21 to the power supplying resonance coil
5. That is, the higher the insertion loss "S21", the higher
the power transmission efficiency.

[0036]

A resulting waveform of the insertion loss "S21" thus measured
has its peak split in a low frequency side and a high frequency
side. The frequency at the split peak on the high frequency
side is f., and the frequency of the split peak on the low
frequency side is ;. The coupling coefficient K is derived
by the following (Formula 2).

k = (Ff? - %) / (F2 + %) -+ (Formula 2)

[0037]

For various distances C, the coupling coefficient Kk was
measured, with the coil diameter of the power receiving
resonance coil 8 set to 13 mm¢, 25 mmdp, 55 mm¢p, and 100 mmo.
The results are shown in Fig. 4.

[0038]

From the measurement results shown in Fig. 4, it is understood
that wvariation (increasing and decreasing) in the coupling
coefficient K relative to the distance C is reduced and
stabilized with a decrease in the coil diameter E of the power

receiving resonance coil 8 relative to the coil diameter D of
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the power supplying resonance coil 5.

[0039]

Further, wvariation in the power transmission efficiency
accompanying changes in the distance C between the power
supplying resonance coil 5 and the power receiving resonance
coil 8 was measured with various ratios of the coil diameter
D of the power supplying resonance coil 5 and the coil diameter
E of the power receiving resonance coil 8. Note that in the
measurement, the central axis of the power supplying resonance
coil 5 was coincided with that of the power receiving resonance
coil 8. Further, the distance A between the power supplying
coil 4 and the power supplying resonance coil 5 and the distance
B between the power receiving coil 7 and the power receiving
resonance coil 8 were fixed to suit in each of the examples
and the comparative examples. The frequencies of power
transmitted from the network analyzer 20 included the resonance
frequency of the power supplying resonance coil 5 and the power
receiving resonance coil 8. Note that the power transmission
efficiency is a measurement of the percentage of power output
to the input terminal 22 for the power supplied from the output
terminal 21 to the power supplying resonance coil 5 at a
frequency of 15.3 MHz which is the same as the resonance
frequency of the power supplying resonance coil 5 and the power
receiving resonance coil 8. That is, the power transmission

efficiency serves as a criterion for measuring the rate of loss

19



in the power, when the frequency of power transmitted is 15.3
MHz, and when power is transmitted from the power supplying
resonance coil 5 resonating with the power receiving resonance
coil 8, to the power receiving resonance coil 8.

[0040]

(Comparative Example 1)

In a wireless power supply system related to Comparative
Example 1, the power supplying coil diameter of the power
supplying coil 4 was set to 100 mm¢. The power supplying
resonance coil 5 was formed by winding three times a copper
wire material (coated by insulation film) having a wire
diameter of 1 mm¢ so that the coil diameter D was 100 mm¢p. The
distance A between the power supplying coil 4 and the power
supplying resonance coil 5 was set to 17 mm. Meanwhile, the
power receiving coil diameter of the power receiving coil 7
was set to 100 mm¢. The power receiving resonance coil 8 was
formed by winding three times a copper wire material (coated
by insulation film) having a wire diameter of 1 mm¢E was 100
mme¢. The distance B between the power receiving coil 7 and
the power receiving resonance coil 8 was set to 17 mm. With
the above setting, there was conducted measurement of variation
in the power transmission efficiency accompanying a change in
the distance C between the power supplying resonance coil 5
and the power receiving resonance coil 8 in the wireless power

supply system related to Comparative Example 1 (coil diameter
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D: coil diameter E = 100:100). Then, as shown in the graph
of Fig. 5, the power transmission efficiency was lowered when
the power supplying resonance coil 5 and the power receiving
resonance coil 8 were close to each other (on the left side
of distance C = P in the graph where the power transmission
efficiency is maximized). The power transmission efficiency
varied from low values to high values within a range of the
distance C from 0 to the distance P where the power transmission
efficiency 1s maximized. This means that the power
transmission efficiency is not stabilized.

[0041]

(Example 1)

Next, in the wireless power supply system related to Example
1, the power supplying coil diameter of the power supplying
coil 4 was set to 100 mmd. The power supplying resonance coil
5 was formed by winding three times a copper wire material
(coated by insulation film) having a wire diameter of 1 mm¢
so that the coil diameter Dwas 100 mm¢. The distance A between
the power supplying coil 4 and the power supplying resonance
coil 5 was set to 10 mm. Further, the power receiving coil
diameter of the power receiving coil 7 was set to 13 mm¢. The
power receiving resonance coil 8 was formed by winding 13 times
a copper wire material (coated by insulation film) having a
wire diameter of 1 mm¢ so that the coil diameter E was 13 mmd.

The distance B between the power receiving coil 7 and the power
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receiving resonance coil 8 was set to 1 mm. With the above
setting, there was conducted measurement of variation in the
power transmission efficiency accompanying variation in the
distance C between the power supplying resonance coil 5 and
the power receiving resonance coil 8, in the wireless power
supply system of Example 1 (coil diameter D: coil diameter E
= 100:13). As shown in the graph of Fig. 6, the power
transmission efficiency smoothly decreased within a range of
distance C from 0 to the distance P. It is therefore understood
that the power transmission efficiency was more stable than
Comparative Example 1. This means that, within the range of
the distance C from 0 to the distance P, transmitting
predetermined power does not require controls for adjusting
the frequency of power transmitted, adjusting the distance A
between the power supplying coil 4 and the power supplying
resonance coil 5, and adjusting the distance B between the power
receiving coil 7 and the power receiving resonance coil 8,
unlike PTL 1 and PTL 3, and that the power is transmittable
with a stable efficiency.

[0042]

(Example 2)

Next, in a wireless power supply system related to Example 2,
the power supplying coil diameter of the power supplying coil
4 was set to 320 mm¢. The power supplying resonance coil 5

was formed by winding twice a copper wire material (coated by
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insulation film) having a wire diameter or 1 mm¢ so that the
coil diameter D was 320 mm¢. The distance A between the power
supplying coil 4 and the power supplying resonance coil 5 was
set to 110 mm. Meanwhile, the power receiving coil diameter
of the power receiving coil 7 was set to 25 mmd. The power
receiving resonance coil 8 was formed by winding 11 times a
copper wire material (coated by insulation film) having a wire
diameter of 1 mm¢ so that the coil diameter E was 25 mm¢p. The
distance B between the power receiving coil 7 and the power
receiving resonance coil 8 was set to 1 mm. With the setting,
there was conducted measurement of variation in the power
transmission efficiency accompanying changes in the distance
C between the power supplying resonance coil 5 and the power
receiving resonance coil 8, in the wireless power supply system
related to Example 2 (coil diameter D: coil diameter E =
100:7.8) . As shown in the graph of Fig. 7, the power
transmission efficiency smoothly decreased within a range of
the distance C from 0 to the distance P. It is therefore
understood that the power transmission efficiency was more
stable than Comparative Example 1. This means that, within
the range of distance C from 0 to the distance P, transmitting
predetermined power does not require controls for adjusting
the frequency of power transmitted, adjusting the distance A
between the power supplying coil 4 and the power supplying

resonance coil 5, and adjusting the distance B between the power
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receiving coil 7 and the power receiving resonance coil 8,
unlike PTL 1 and PTL 3 and that the power is transmittable with
a stable efficiency.

[0043]

Comparing and referring to the above described comparative
examples and the examples, it should be understood that a drop
in the power transmission efficiency due to changes in the
distance C, when the power supplying resonance coil 5 and the
power receiving resonance coil 8 are located close to each other,
is preventable by reducing the coil diameter E of the power
receiving resonance coil 8 in relation to the coil diameter
D of the power supplying resonance coil 5. That is, in the
wireless power supply system 1 in each of the examples, the
electromagnetic coupling is stabilized in a broader range than
the comparative example, which leads to stabilization of the
power transmission efficiency. As such, for example, it is
possible to expand a space region in which power transmission
is possible with stable power transmission efficiency, at a
time of charging a battery connected to the power receiving
resonance coil 8.

[0044]

Thus, by reducing the coil diameter E of the power receiving
resonance coil 8 relative to the coil diameter D of the power
supplying resonance coil 5, it is possible tomaintain a stable

state of the electromagnetic coupling between the power
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supplying resonance coil 5 and the power receiving resonance
coil 8, without a need of adjusting the frequency of output
from the AC power source, the distance A between the power
supplying coil 4 and the power supplying resonance coil 5, and
the distance B between the power receiving coil 7 and the power
receiving resonance coil 8. When the diameters of the power
supplying resonance coil 5 and the power receiving resonance
coil 8 are the same as in a traditional case, the range of
distance in which the electromagnetic coupling is stable has
been extremely narrow, and the frequency of the output from
the AC power source, the distance A, and the distance B have
been often adjusted. With the present invention however, the
electromagnetic coupling is maintained at a stable state in
a broader range of distance than traditional cases. Therefore,
a work for adjusting the frequency, the distance A, and the
distance B is no longer needed. Furthermore, the use of
wireless power supply system is expanded; e.g., power feeding
to the batteries of home-use electric appliances that are
movable to arbitrary positions.

[0045]

Further, referring to the above-described examples, it is
understood that a drop in the power transmission efficiency
accompanying changes in the distance C between the power
supplying resonance coil 5 and the power receiving resonance

coil 8 was effectively prevented, when the ratio of the coil
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diameter D of the power supplying resonance coil 5 and the coil
diameter E of the power receiving resonance coil 8 was within
a range from 100:7 to 100:15. That 1is, since the power
transmission efficiency smoothly decreased within a range of
the distance C from 0 to the distance P, it is understood that
the power transmission efficiency was more stable than
Comparative Example 1. This means that, within the range of
distance C from 0 to the distance P, transmitting predetermined
power does not require controls for adjusting the frequency
of power transmitted, adjusting the distance A between the
power supplying coil 4, and adjusting the power supplying
resonance coil 5 and the distance B between the power receiving
coil 7 and the power receiving resonance coil 8, unlike PTL
1 and PTL 3 and that the power is transmittable with a stable
efficiency. As such, for example, it is possible to further
expand a space region in which power transmission is possible
with more stable power transmission efficiency, at a time of
charging a battery connected to the power receiving resonance
coil 8.

[0046]

From the above, it should be understood from the measurement
results of the wireless power supply system 1 described in the
above described examples, the present invention is
sufficiently feasible.

[0047]
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(Embodiment 1)

A wireless power supply system related to the present invention
which is described in reference to the above described examples
is applied to a wireless power supply system 201 of Embodiment
1 below.

[0048]

(Structure of Wireless Power Supply System 201)

Fig. 8 is an explanatory diagram of a wireless power supply
system 201 related to Embodiment 1. The wireless power supply
system 201 shown in Fig. 8 includes: a power transmission device
210 hangon awall of anoffice 220; and a power-receiving device
in a mobile phone 212 or the like placed on a desk 221. The
power transmission device 210 includes: an AC power source 206,
a power supplying coil 204 connected to the AC power source
206, and a power supplying resonance coil 205. The
power-receiving device in the mobile phone 212 or the like
includes: a power supplying/receiving unit 209, a power
receiving coil 207 connected to the power supplying/receiving
unit 209, and a power receiving resonance coil 208.

[0049]

The power supplying coil 204 plays a role in supplying power
obtained from the AC power source 206 to the power supplying
resonance coil 205 by means of electromagnetic induction. The
"A" indicates a distance between the power supplying coil 204

and the power supplying resonance coil 205. The power
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supplying coil 204 and the power supplying resonance coil 205
are arranged on a single flat substrate 202, while the distance
A between power supplying coil 204 and the power supplying
resonance coil 205 is fixed.

[0050]

As described, power transmission to the power supplying
resonance coil 205 via the power supplying coil 204 by means
of electromagnetic induction eliminates the need for
electrically connecting the power supplying resonance coil 205
with another circuit, and provides more freedom in highly
accurate designing of the power supplying resonance coil 205.
[0051]

The power receiving coil 207 plays a role in outputting a power
having been transmitted as magnetic field energy from the power
receiving resonance coil 208 to the power supplying resonance
coil 205 to the power supplying/receiving unit 209 by means
of electromagnetic induction. Note that the "B" indicates a
distance between the power receiving resonance coil 208 and
the power receiving coil 207. The power receiving resonance
coil 208 and the power receiving coil 207 are arranged on a
single flat substrate 203, while the distance B between the
power receiving resonance coil 208 and the power receiving coil
207 is fixed.

[0052]

The power transmitted to the power receiving resonance coil
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208 during the magnetic resonant state is transferred as energy
from the power receiving resonance coil 208 to the power
receiving coil 207 by means of electromagnetic induction. The
power receiving coil 207 is electrically connected to the power
supplying/receiving unit 209, and the energy having
transferred to the power receiving coil 207 by means of
electromagnetic induction is output as power to the power
supplying/receiving unit 2009.

[0053]

As described, power transmission from the power receiving
resonance coil 208 to the power supplying/receiving unit 209
via the power receiving coil 207 by means of electromagnetic
induction eliminates a need for electrically connecting the
power receiving resonance coil 208 to another circuit, and
provides more freedom in highly accurate designing of the power
receiving resonance coil 208.

[0054]

The power supplying resonance coil 205 and the power receiving
resonance coil 208 are each an LC resonance circuit and plays
a role in creating a magnetic resonant state. ©Note that, in
the present embodiment, a capacitor component of the LC
resonance circuit is realized in the form of an element; however,
the capacitor component may be a stray capacitance generated
by making both ends of the coil open. Where the inductance

is L, and the capacity of capacitor is C in the LC resonance
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circuit, the F determined by (Formula 1) is the resonance
frequency.

[0055]

The resonance frequency F determined by (Formula 1) is made
the same in the power supplying resonance coil 205 and the power
receiving resonance coil 208.

[0056]

The power supplying resonance coil 205 and the power receiving
resonance coil 208 are each formed by a copper wire material
coated by an insulation film. As in the examples, the coil
diameter D of the power supplying resonance coil 205 and the
coil diameter E of the power receiving resonance coil 208 are
designed so that their ratio is 100:13.

[0057]

As described, when the resonance frequencies of the power
supplying resonance coil 205 and the power receiving resonance
coil 208 are the same value, amagnetic resonant state is created
between the power supplying resonance coil 205 and the power
receiving resonance coil 208. Bringing the power supplying
resonance coil 205 to a resonant state to create the magnetic
resonant state enables transmission of power as magnetic field
energy from the power supplying resonance coil 205 to the power
receiving resonance coil 208.

[0058]

Further, where the distance between the power supplying
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resonance coil 205 and the power receiving resonance coil 208
is C, the power supplying resonance coil 205 of the power
transmission device 210 and the power receiving resonance coil
208 of the mobile phone 212 are arranged so that the distance
C therebetween is X, as shown in Fig. 8. Further, the distance
C is a straight distance between coil surfaces when the coil
surface of the power supplying resonance coil 205 and the coil
surface of the power receiving resonance coil 208 are placed
so as not perpendicularly cross each other.

[0059]

The AC power source 206 outputs an AC power at the frequency
same as the resonance frequency of the power supplying
resonance coil 205 and the power receiving resonance coil 208.
[0060]

The power supplying/receiving unit 209 has a rectifier circuit
connected to the power receiving coil 207, a power charge
control device connected to the rectifier circuit, and a
battery connected to the power charge control device. The
power supplying/receiving unit 209 plays a role of storing the
power transmitted from the power receiving coil 207 in the
battery via the rectifier circuit and the power charge control
device. Examples of the battery include anickel-metal hydride
battery, a lithium-ion battery, and any other secondary
batteries. The power charge control device plays a role of

performing control so that the battery is charged when an
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effective power needed for charging the battery is input..
Therefore, the battery is not charged when the power input falls
short of the effective power. Note that the present embodiment
assumes that an effective power required for charging battery
is regarded as to be input when the of power (power transmission
efficiency) output from the power receiving coil 207 to the
power supplying/receiving unit 209 and the power supplied from
the AC power source 206 to the power supplying coil 204 is 45%
or higher (see solid-line 205 of Fig. 8).

[0061]

(Operation)

In the wireless power supply system 201 with the
above-described structure, power supplied from the AC power
source 206 1s supplied to the Dbattery of the power
supplying/receiving unit 209 of the mobile phone 212, through
electromagnetic induction between the power supplying coil 204
and the power supplying resonance coil 205, the power
transmission utilizing the magnetic resonant state between the
power supplying resonance coil 205 and the power receiving
resonance coil 208, and electromagnetic induction between
power receiving resonance coil 208 and the power receiving coil
207, the mobile phone 212 being arranged so that the distance
C between the power supplying resonance coil 205 and the power
receiving resonance coil 208 in the power transmission device

210 is "X".
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[0062]

The battery of the mobile phone 212 is charged in this way,
because , with the ratio of the coil diameter D of the power
supplying resonance coil 205 and the coil diameter E of the
power receiving resonance coil 208 being 100:13, the
electromagnetic coupling between the power supplying resonance
coil 205 and the power receiving resonance coil 208 1is
maintained in a stable state and the power transmission
efficiency is kept 45% or higher within the space region F when
the distance C between the power supplying resonance coil 205
and the power receiving resonance coil 208 in the power
transmission device 210 is within a range of 0 to "X". 1In other
words, the power transmission efficiency is maintained at 45%
or higher within the space region F, when transmitting power
from the power supplying resonance coil 205 to the power
receiving resonance coil 208.

[0063]

Note that Fig. 8 uses dotted line 260 is used to show the power
transmission efficiency for the distance C, when the ratio of
the coil diameter D of the power supplying resonance coil 205
for comparison and the coil diameter E of the power receiving
resonance coil 208 is designed to be 100:100 (when the coil
diameter D and the coil diameter E are the same). In this case,
the space region G in which transmission of effective power

or more is possible is smaller than the space region F. This
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means that the space region F between the power supplying
resonance coil 205 and the power receiving resonance coil 208
which achieves stable power transmission efficiency when
transmitting power from the power supplying resonance coil 205
to the power receiving resonance coil 208 is further expanded
by making the coil diameter E of the power receiving resonance
coil 208 smaller than the coil diameter D of the power supplying
resonance coil 205.

[0064]

On the other hand, the battery of the mobile phone 212 is not
charged outside the space region F because the power
transmission efficiency falls short of 45% and the effective
power necessary for charging the battery is not ensured.
[0065]

(Wireless Power-Supply Method)

The above wireless power-supply method is described as a
wireless power-supply method. It is supposed that the power
transmission device 210 is fixed on a wall of an office 220.
The ratio of the coil diameter D of the power supplying resonance
coil 205 in the power transmission device 210 and the coil
diameter E of the power receiving resonance coil 208 in the
mobile phone 212 is set to satisfy 100:13. The mobile phone
212 is placed on a desk 221 so as to be within the space region
F. Under this condition, the power supplied from the AC power

source 206 supplies, to the Dbattery of +the power
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supplying/receiving unit 209, effective power necessary for
charging the Dbattery, through electromagnetic induction
between the power supplying coil 204 and the power supplying
resonance coil 205, power transmission utilizing the magnetic
resonant state between the power supplying resonance coil 205
and the power receiving resonance coil 208, and electromagnetic
induction between power receiving resonance coil 208 and the
power receiving coil 207.

[0066]

With the structure in which the ratio of the coil diameter D
of the power supplying resonance coil 205 and the coil diameter
E of the power receiving resonance coil 208 is set to be 100:13,
the electromagnetic coupling between the power supplying
resonance coil 205 and the power receiving resonance coil 208
is maintained at a stable state and power transmission
efficiency of 45% or higher, which enables transmission of
effective power necessary for charging the battery, is ensured
within the space region F when the distance C between the power
supplying resonance coil 205 and the power receiving resonance
coil 208 in the power transmission device 210 is within a range
from 0 to "X". That is, when the power supplying resonance
coil 205 of the power transmission device 210 and the power
receiving resonance coil 208 are the same as in a traditional
case, the space region in which the electromagnetic coupling

is stabilized is extremely small. This necessitated
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adjustments of the frequency of power transmitted and the

distance between the power supplying coil 204 and the power

supplying resonance coil 205. However, since the above

structure realizes a Dbroader space region 1in which the

electromagnetic coupling ismaintained at a stable state, there

is no need for a device or a work for adjusting the frequency
of power transmitted or the distance between the power

supplying coil 204 and the power supplying resonance coil 205.

Thus, for transmission of power from the power supplying
resonance coil 205 to the power receiving resonance coil 208,

a space region between the power supplying resonance coil 205

and the power receiving resonance coil 208 in which region power

transmission is possible with a stable power transmission

efficiency is expanded. This expands the use of the wireless

power supply system; e.g., for supplying power to a battery
of a mobile phone 212 or the like, which is carried to any given

place.

[0067]

Further, the power supplied from the AC power source 206 is

transmitted from the power supplying coil 204 to the power

supplying resonance coil 205 by means of electromagnetic

induction, without a need of creating a magnetic resonant state.
Similarly, the power having been received is transmitted from
the power receiving resonance coil 208 to the power receiving

coil 207 and output to the power supplying/receiving unit 209
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by means of electromagnetic induction, without a need of
creating the magnetic resonance state. Since there is no need
of tuning the power supplying coil 204 and the power supplying
resonance coil 205 at the resonance frequency, and tuning the
power receiving resonance coil 208 and the power receiving coil
207 at the resonance frequency, it is possible to simplify the
design.

[0068]

The power supplying coil 204 and the power supplying resonance
coil 205 are arranged on a single flat substrate 202, while
the distance A between power supplying coil 204 and the power
supplying resonance coil 205 is fixed. Similarly, the power
receiving resonance coil 208 and the power receiving coil 207
are arranged on a single flat substrate 203, while the distance
B between the power receiving resonance coil 208 and the power
receiving coil 207 is fixed. This way, it is possible to
integrally form the power supplying coil 204 and the power
supplying resonance coil 205 instead of forming them separately,
and integrally form the power receiving resonance coil 208 and
the power receiving coil 207 instead of forming them separately.
Thus, the number of parts involved at the stage of manufacturing
the wireless power supply system 201 is reduced.

[0069]

Although the above descriptions have been provided with regard

to the characteristic parts so as to understand the invention
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more easily, the invention is not limited to the embodiment
as described above and can be applied to the other embodiments
and the applicable scope should be construed as broadly as
possible. Furthermore, the terms and phraseology used in the
specification have been used to correctly illustrate the
invention, not to limit it. In addition, it will be understood
by those skilled in the art that the other structures, systems,
methods and the like included in the spirit of the invention
can be easily derived from the spirit of the invention described
in the specification. Accordingly, it should be considered
that the invention covers equivalent structures thereof
without departing from the spirit and scope of the invention
as defined in the following claims. Inaddition, it is required
to sufficiently refer to the documents that have been already
disclosed, so as to fully understand the objects and effects

of the invention.

Reference Signs List

[0070]

101 Wireless power supply system
104 Power supplying coil

105 Power supplying resonance coil
106 AC power source

107 Power receiving coil

108 Power receiving resonance coil
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109 Power supplying/receiving unit
D Coil diameter of power supplying resonance coil

E Coil diameter of power receiving resonance coil
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CLAIMS
1. A wireless power supply system configured to transmit
power as magnetic field energy from a power supplying resonance
coil to a power receiving resonance coil by resonating the power
supplying resonance coil with the power receiving resonance
coil, wherein

a coil diameter of the power receiving resonance coil is
made smaller than a coil diameter of the power supplying
resonance coil and a ratio of the coil diameter of the power
supplying resonance coil and the coil diameter of the power
receiving resonance coil falls within a range of 100:7 to

100:15.

2. The wireless power supply system according to claim 1,
comprising:

a power supply unit configured to supply power which is
an alternating current;

a power supplying coil connected to the power supply unit
and 1s configured to supply the power to the power supplying
resonance coil by means of electromagnetic induction;

a power receiving coil to which the power i1s supplied from
the power receiving resonance coil by means of the
electromagnetic induction; and

a power supplying/receiving unit connected to the power

receiving coil.
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3. A wireless power-supply method which transmits power as
magnetic field energy from a power supplying resonance coil
to a power receiving resonance coil by resonating the power
supplying resonance coil with the power receiving resonance
coil, wherein

a coil diameter of the power receiving resonance coil is
made smaller than a coil diameter of the power supplying
resonance coil and a ratio of the coil diameter of the power
supplying resonance coil and the coil diameter of the power

receiving resonance coil fallswithin a range of 100:7 to 100:15.
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