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NONCONTACT POWER TRANSMITTING 
APPARATUS 

BACKGROUND OF THE INVENTION 

The present invention relates to a noncontact power 
transmitting apparatus Which can be used for portable com 
munication equipment, such as a portable telephone and a 
PHS (personal handyphone system) telephone, various elec 
trical apparatuses, electronic apparatuses, or the like Which 
operate by using a rechargeable secondary battery as a 
poWer source. More particularly, the present invention con 
cerns a noncontact poWer transmitting apparatus for trans 
mitting electric poWer from a charging part to a part to be 
charged in a state of noncontact by means of the action of 
electromagnetic induction Without via a metal contact. 

Hereafter, a description Will be given of a conventional 
device With reference to the draWings. 

FIGS. 12A to 12C are explanatory diagrams illustrating a 
conventional charging device. FIG. 12A is a circuit diagram, 
FIG. 12B is a schematic diagram of coils, and FIG. 12C 
shoWs a B-H loop of a core. Hereafter, a description Will be 
given of the conventional charging device With reference to 
FIGS. 12A to 12C. As an example of a noncontact poWer 
transmitting apparatus, an example of a dc poWer source 
apparatus disclosed in, for example, in Japanese Patent 
Publication JP 7-46841 is conventionally knoWn. This appa 
ratus is capable of realiZing satisfactory regulation in a 
relatively Wide output range, and has a circuit shoWn in 
FIGS. 12A to 12C, for instance. Hereafter, a description Will 
be given of the operation of the circuit shoWn in FIGS. 12A 
to 12C. 

A gate voltage of a ?eld-effect transistor 7 is provided by 
the voltage Which is charged in a ?rst capacitor 2 from an 
output of a rectifying and smoothing circuit 1 through a ?rst 
resistor 3. When the ?eld-effect transistor 7 is turned on by 
the aforementioned voltage, a voltage is generated in a main 
Winding 9 and a gate Winding 10 of a primary transformer 
8 in such a Way that the sides marked With black dots 
become plus, so that the on-state of the ?eld-effect transistor 
7 is established. 

Here, When the ?eld-effect transistor 7 is turned on, 
because the electrical charge at the ?rst capacitor 2 is 
discharged through a second resistor 4 and a ?rst diode 5, the 
voltage at the ?rst capacitor 2 declines and the ?eld-effect 
transistor 7 is turned off after a certain time elapsed. When 
the ?eld-effect transistor 7 is turned off, the ?rst capacitor 2 
is charged through the resistor 3, and When the voltage at the 
?rst capacitor 2 reaches a predetermined value, the ?eld 
effect transistor 7 is turned on. Thus, a primary circuit 
undergoes self-oscillation. 

At this time, in the primary circuit, electric poWer is 
transmitted from the primary transformer 8 (poWer 
transmitting coil portion), and this poWer is received by a 
secondary transformer 11 (power-receiving coil portion) of 
a secondary circuit. Then, current ?oWs across a fourth 
capacitor 14 by the voltage induced in the secondary trans 
former 11, and the voltage is generated in the secondary 
circuit. The current is recti?ed by this voltage through a 
diode 12, and a capacitor 13 is charged to generate a dc 
voltage. 

The primary transformer 8 (poWer-transmitting coil 
portion) and the secondary transformer 11 (poWer-receiving 
coil portion) are used in the relationship such as shoWn in 
FIG. 12B. In the above-described circuit, since the primary 
transformer 8 is driven by a single ?eld-effect transistor 7 as 
the above-described manner, the magnetic ?ux of the core of 
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2 
the primary transformer 8 and the secondary transformer 11 
is oscillated only in the ?rst quadrant as shoWn by a B-H 
loop (B: magnetic ?ux density, H: magnetic ?eld strength) 
in FIG. 12C. That is, the magnetic ?ux acts only on one 
upper or loWer side of the B-H loop. 

With the above-described conventional noncontact poWer 
transmitting apparatus, the folloWing problems are encoun 
tered. 
With the above-described conventional apparatus, the 

magnetic ?ux of the core of the primary transformer 8 
(power-transmitting coil portion) and the secondary trans 
former 11 (power-receiving coil portion) is oscillated only in 
the ?rst quadrant as shoWn by the B-H loop in FIG. 12C, and 
the magnetic ?ux acts only on one upper or loWer side of the 
B-H loop. Accordingly, the efficiency in the noncontact 
poWer transmission is poor, so that in order to produce large 
poWer from the secondary transformer 11 (poWer-receiving 
coil portion), it is necessary to make the secondary trans 
former 11 large-siZed, and the Weight becomes heavy. 

Further, With the above-described conventional apparatus, 
the magnetic path of the primary transformer 8 (power 
transmitting coil portion) and the secondary transformer 11 
(power-receiving coil portion) is con?gured such that the 
leakage ?ux is large, and effective use is not made of the 
magnetic ?ux generated by the primary transformer 8 
(power-transmitting coil portion). For this reason, in order to 
produce large poWer (e.g., 5 W or more) from the secondary 
transformer 11 (poWer-receiving coil portion) so as to rap 
idly charge a large-capacity secondary battery, such as a 
lithium ion secondary battery, the secondary transformer 11 
(power-receiving coil portion) becomes large-siZed, and the 
Weight becomes heavy. 

In a case Where the above-described conventional appa 
ratus is used for a portable telephone, for example, the 
secondary transformer 11 (poWer-receiving coil portion) 
must be incorporated on portable telephone body side, While 
the primary transformer 8 (poWer-transmitting coil portion) 
must be incorporated on the charger side. Therefore, if the 
secondary transformer 11 (power-receiving coil portion) is 
large-siZed and the Weight is heavy as described above, the 
portable telephone body (handset), Which needs to be alWays 
carried by a user, becomes large-siZed and heavy, Which is 
inconvenient. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide a 
noncontact poWer transmitting apparatus Which comprises a 
charging part and a part to be charged, makes it possible to 
realiZe a lightWeight and compact part to be charged, and 
alloWs a secondary battery to be charged rapidly With large 
electric poWer, thereby overcoming the above-described 
draWbacks of the conventional art. 

In accordance With the present invention, to attain the 
above object, the folloWing con?gurations are provided. 

There is provided a noncontact poWer transmitting appa 
ratus in Which a poWer transmitting part (eg a charger) and 
a poWer receiving part (e.g., a portable telephone body) are 
formed separately, the poWer transmitting part is provided 
With a high-frequency oscillating circuit including a parallel 
resonance circuit formed by a poWer-transmitting coil and a 
capacitor, and the poWer receiving part is provided With a 
poWer-receiving coil for inducing a voltage by electromag 
netically coupling With the poWer-transmitting coil of the 
high-frequency oscillating circuit during poWer transmit 
ting. The poWer-transmitting coil is divided into tWo sets, the 
poWer-transmitting coils of the sets being formed as a ?rst 
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poWer-transmitting coil portion and a second poWer 
transmitting coil portion Which are separate and independent 
as the tWo sets, the poWer-receiving coil being formed as a 
single poWer-receiving coil portion. In a poWer transmitting 
state in Which the poWer receiving part is magnetically 
coupled With the poWer transmitting part, the poWer 
receiving coil portion is inserted in a space betWeen the ?rst 
poWer-transmitting coil portion and the second poWer 
transmitting coil portion, and the ?rst poWer-transmitting 
coil portion, the poWer-receiving coil portion, and the sec 
ond poWer-transmitting coil portion are arranged in such a 
manner that the poWer-receiving coil portion is located in the 
magnetic ?ux generated by the ?rst and second poWer 
transmitting coil portions. 

Further, in the above-mentioned noncontact poWer trans 
mitting apparatus, the poWer-transmitting coil is divided into 
tWo sets, the poWer-transmitting coils of the sets being 
respectively Wound around cores (e.g., ferrite cores) and 
being formed as a ?rst poWer-transmitting coil portion and 
a second poWer-transmitting coil portion Which are separate 
and independent as the tWo sets, the poWer-receiving coil 
being Wound around a core (e.g., a ferrite core) and being 
formed as a single poWer-receiving coil portion. 

Furthermore, in the above-described noncontact poWer 
transmitting apparatus, the poWer-transmitting coil of the 
?rst poWer-transmitting coil portion and the poWer 
transmitting coil of the second poWer-transmitting coil por 
tion are connected in series or in parallel, and respectively 
consist of tWo Winding portions, and the Winding portions of 
the poWer-transmitting coils are Wound such that polarities 
of the Winding portions are adjusted so that directions of 
magnetic ?uxes, Which penetrate from the ?rst poWer 
transmitting coil portion and the second power-transmitting 
coil portion through the poWer-receiving coil portion, are 
alWays set in the same direction. 

Furthermore, in the above-described noncontact poWer 
transmitting apparatus, the high-frequency oscillating circuit 
is provided With driving means for driving Winding portions 
of the ?rst poWer-transmitting coil portion and the second 
poWer-transmitting coil portion While alternately repeating a 
?rst timing at Which one Winding portion of the ?rst poWer 
transmitting coil portion and one Winding portion of the 
second poWer-transmitting coil portion are energiZed simul 
taneously and other Winding portions are not energiZed and 
a second timing at Which another Winding portion of the ?rst 
poWer-transmitting coil portion and another Winding portion 
of the second poWer-transmitting coil portion are energiZed 
simultaneously and the one Winding portions are not ener 
giZed. 

Furthermore, in the above-described noncontact poWer 
transmitting apparatus, the poWer-transmitting coil of the 
?rst poWer-transmitting coil portion and the poWer 
transmitting coil of the second poWer-transmitting coil por 
tion are connected in series or in parallel, and respectively 
consist of one Winding portions (single Windings), and the 
Winding portions of the poWer-transmitting coils are Wound 
such that polarities of the Winding portions are adjusted so 
that directions of magnetic ?uxes, Which penetrate from the 
?rst poWer-transmitting coil portion and the second poWer 
transmitting coil portion through the poWer-receiving coil 
portion, are constantly set in the same direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A and 1B are explanatory diagrams of the basic 
principle of the present invention; 

FIGS. 2A and 2B are schematic diagrams of a portable 
telephone in accordance With the present invention; 
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4 
FIG. 3 is a diagram illustrating a circuit diagram in 

accordance With the ?rst embodiment; 
FIG. 4 is a diagram illustrating a circuit diagram in 

accordance With the second embodiment; 
FIGS. 5A to 5C are explanatory diagrams of poWer 

transmitting coil portions and a poWer-receiving coil por 
tion; 

FIG. 6 is a diagram illustrating a circuit diagram in 
accordance With the third embodiment; 

FIG. 7 is a diagram illustrating a circuit diagram in 
accordance With the fourth embodiment; 

FIGS. 8A and 8C are explanatory diagrams of the poWer 
transmitting coil portions and the poWer-receiving coil por 
tion; 

FIGS. 9A and 9B are explanatory diagrams of an experi 
ment in accordance With the present invention; 

FIG. 10 is an explanatory diagram of an experiment for 
conventional circuit con?guration; 

FIG. 11 is an explanatory diagram of an experiment for 
the circuit con?guration of the present invention; and 

FIGS. 12A to 12C are explanatory diagrams of a conven 
tional device. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring to FIG. 1, a description Will be given of the 
operation in accordance With the present invention based on 
the above-described con?gurations. 

In a case Where the secondary battery in the part to be 
charged is charged, a poWer plug is inserted into a poWer 
source, and the part to be charged is placed on the charging 
part. In this state, the poWer-receiving coil portion 28 in the 
part to be charged is inserted into the space betWeen the ?rst 
poWer-transmitting coil portion 26 and the second poWer 
transmitting coil portion 27 in the charging part, and the 
poWer-transmitting coil portion 26, the poWer-receiving coil 
portion 28, and the second poWer-transmitting coil portion 
27 are aligned With each other, and are set in a charging state. 

In this case, the driving means drives the Winding portions 
of the ?rst poWer-transmitting coil portion 26 and the second 
poWer-transmitting coil portion 27 While alternately repeat 
ing the ?rst timing at Which one Winding portion NP1 of the 
?rst poWer-transmitting coil portion 26 and one Winding 
portion NP3 of the second poWer-transmitting coil portion 
27 are energiZed simultaneously and the other Winding 
portions NP2 and NP4 are not energiZed and a second timing 
at Which another Winding portion NP2 of the ?rst poWer 
transmitting coil portion 26 and another Winding portion 
NP4 of the second poWer-transmitting coil portion 27 are 
energiZed simultaneously and the one Winding portions NP1 
and NP3 are not energiZed. 

In this state, the secondary battery (e.g., the Li-ion sec 
ondary battery 33) is charged by the noncontact poWer 
transmission. Namely, the secondary battery is charged by 
transmitting electric poWer from the charging part to the part 
to be charged in a state of noncontact Without via a metal 
contact by means of the action of electromagnetic induction. 
At this time, the directions of ac magnetic ?uxes (1)1 and (1)2 
Which penetrate from the ?rst poWer-transmitting coil por 
tion 26 and the second poWer-transmitting coil portion 27 
through the poWer-receiving coil portion 28 are alWays set 
in the same direction. 

Thus, the poWer-receiving coil portion 28 at its both sides 
is placed betWeen the tWo separate and independent ?rst 



5,923,544 
5 

poWer-transmitting coil portion 26 and second poWer 
transmitting coil portion 27, and the Windings of the ?rst and 
second poWer-transmitting coil portions 26 and 27 are 
driven by the high-frequency oscillating circuit. As a result 
of this driving, the change in the magnetic ?uX of the ferrite 
core 37 is subjected to large oscillations in the ?rst and third 
quadrants of the B-H loop, thereby making it possible to 
realiZe the noncontact poWer transmission With high ef? 
ciency. In the above-described manner, it is possible to 
realiZe a lightWeight and compact part to be charged and 
rapidly charge the secondary battery With large poWer. 

Hereafter, a detailed description Will be given of an 
embodiment of the present invention With reference to the 
draWings. In the description that folloWs, a description Will 
be given of an eXample in Which the noncontact poWer 
transmitting apparatus is applied to a portable telephone 
(including a PHS). It should be noted that, in this eXample, 
the portable telephone is comprised of a portable telephone 
body and a charger, the portable telephone body being also 
referred to as a part to be charged and the charger as a 
charging part. In addition, the term “one Winding,” “a single 
Winding,” or “one Winding portion” means one coil in Which 
a Winding start portion and a Winding end portion are formed 
as a pair. 

FIGS. 2A and 2B are schematic diagrams of a portable 
telephone. FIG. 2A is a plan vieW and FIG. 2B is a 
cross-sectional vieW. As shoWn, the portable telephone is 
comprised of a portable telephone body 21 (handset) and a 
charger 25. The portable telephone body 21 is provided With 
an antenna, a display unit 23, an operating portion 24, and 
the like. Provided in its housing interior are an Li-ion 
secondary battery 33 as a poWer source of the portable 
telephone body 21, and a circuit of the part to be charged 
including a poWer-receiving coil portion 28 for charging the 
Li-ion secondary battery. 

MeanWhile, a poWer cord 30 provided With a poWer plug 
29 is connected to the charger 25 so as to alloW poWer 
(commercial poWer supply) to be supplied from the outside. 
A circuit of the charging part, Which includes a ?rst poWer 
transmitting coil portion 26 and a second poWer-transmitting 
coil portion 27 for charging the Li-ion secondary battery 33 
by noncontact poWer transmission, is provided in a housing 
of the charger 25. 

In addition, a recessed portion 32 is provided in a portion 
of the housing of the charger 25 so as to alloW a loWer 
portion of the portable telephone body 21 to be inserted in 
this recessed port ion 32. In this case, the ?rst poWer 
transmitting coil portion 26 and the second poWer 
transmitting coil portion 27 are juxtaposed and arranged 
such that the poWer-receiving coil portion 28 in the portable 
telephone body 21 can be inserted in the space betWeen the 
tWo coil portions. 

In a case Where the Li-ion secondary battery in the 
portable telephone body 21 is charged, the poWer plug 29 is 
inserted into the commercial poWer source (e. g., AC 100 V), 
and the loWer side of the portable telephone body 21 is 
inserted into the recessed portion 32 of the charger 25. 
Positioning is effected in advance such that, in this state, the 
poWer-receiving coil portion 28 in the portable telephone 
body 21 is inserted in the space betWeen the ?rst poWer 
transmitting coil portion 26 and the second poWer 
transmitting coil portion 27 in the charger 25, and the ?rst 
poWer-transmitting coil portion 26, the poWer-receiving coil 
portion 28, and the second poWer-transmitting coil portion 
27 are aligned With each other. 

In this state, the Li-ion secondary battery 33 is charged by 
the noncontact poWer transmission. Namely, the Li-ion 
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secondary battery 33 is charged by transmitting electric 
poWer from the charging part to the part to be charged in a 
state of noncontact Without via a metal contact by means of 
the action of electromagnetic induction. In a case Where the 
portable telephone body 21 is to be used by being carried, it 
suf?ces if the portable telephone body 21 is removed from 
the charger 25 and is carried. 

FIG. 3 shoWs a circuit diagram of a ?rst embodiment. 
Referring noW to FIG. 3, a description Will be given of the 
con?guration of the circuit. The circuit as shoWn in FIG. 3 
is a circuit of the portable telephone body 21 (part to be 
charged) and the charger 25 (charging part). The charging 
part 2 is a circuit Whereby high-frequency electromagnetic 
Waves are generated by driving the ?rst poWer-transmitting 
coil portion 26 and the second poWer-transmitting coil 
portion 27 by a high-frequency oscillating circuit of a 
push-pull type using tWo bipolar transistors Q1 and Q2, so 
as to effect the noncontact poWer transmission to the part to 
be charged by means of the electromagnetic Waves. 

The charging part is provided With a rectifying and 
smoothing circuit 34, a choke coil L1 for a constant current, 
the transistors Q1 and Q2 Whose emitters are grounded, 
resistors R1 and R2 for starting, a capacitor C1 for parallel 
resonance, the ?rst poWer-transmitting coil portion 26, and 
the second poWer-transmitting coil portion 27. The ?rst 
poWer-transmitting coil portion 26 is constituted by a ferrite 
core 37 and a ?rst poWer-transmitting coil including tWo 
Windings NP1 and NP2 Which are Wound around the ferrite 
core 37 and are connected in series. 

The second poWer-transmitting coil portion 27 is consti 
tuted by a ferrite core 37, a second poWer-transmitting coil 
including tWo Windings NP3 and NP4 Which are Wound 
around the ferrite core 37 and are connected in series, and a 
Winding NF for feedback. The Windings NP1 and NP3 are 
connected in parallel, the Windings NP2 and NP4 are con 
nected in parallel, and these Windings are respectively 
connected to the poWer source and the collectors of the 
transistors Q1 and Q2. 

In this case, the Winding NF for feedback Which is Wound 
around the ferrite core 37 of the second poWer-transmitting 
coil portion 27 is connected to the respective bases of the 
transistors Q1 and Q2. The ?rst poWer-transmitting coil 
including the Windings NP1 and NP2, the second poWer 
transmitting coil including the Windings NP3 and NP4, and 
the capacitor C1 are connected in parallel, and constitute a 
parallel resonance circuit. 

MeanWhile, the part to be charged is provided With the 
poWer-receiving coil portion 28, a capacitor C2 for parallel 
resonance, diodes D1 and D2 for full-Wave recti?cation, a 
choke coil L2, a capacitor C3 for smoothing, a constant 
current circuit 36, and the Li-ion secondary battery 33. The 
poWer-receiving coil portion 28 is constituted by the ferrite 
core 37 and tWo Windings NS1 and NS2 Which are Wound 
around the ferrite core 37 and are connected in series. In this 
case, the Windings NS1 and NS2 constitute a poWer 
receiving coil, and the capacitor C2 is connected in parallel 
With the poWer-receiving coil, thereby constituting a parallel 
resonance circuit. 

Referring noW to FIG. 3, a description Will be given of the 
operation of the circuit. In the circuit shoWn in FIG. 3, the 
poWer-receiving coil portion 28 at its both sides is placed 
betWeen the tWo separate and independent ?rst poWer 
transmitting coil portion 26 and second poWer-transmitting 
coil portion 27 (see FIG. 2), and the Windings of the ?rst and 
second poWer-transmitting coil portions 26 and 27 are 
driven by the high-frequency oscillating circuit of the push 
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pull type. As a result of this driving, the change in the 
magnetic ?uX of the ferrite core 37 is subjected to large 
oscillations in the ?rst and third quadrants of the B-H loop, 
thereby realiZing the noncontact power transmission With 
high ef?ciency. 

In the charging part, the self-oscillation of high-frequency 
Waves is started at a resonance frequency fO=1/zm/LP><C1 
Which is determined by an eXciting impedance LP of the 
Windings of the poWer-transmitting coil connected in paral 
lel With the capacitor C1 and the capacitance of the capacitor 
C1 for parallel resonance (the electrostatic capacity of the 
capacitor C1 being also set as C1), and the transistors Q1 and 
Q2 alternately repeat on/off operation. In this case, the 
detailed operation of each part is as folloWs. 

First, on application of electric poWer to the charging part 
from the AC poWer source (e.g., AC 100 V), the rectifying 
and smoothing circuit 34 effects recti?cation and smoothing 
to generate a dc voltage, and the current is converted to a 
constant current by the choke coil L1. Then, as the base 
current ?oWs across the transistors Q1 and Q2 via the 
resistors R1 and R2, the transistors Q1 and Q2 operate as 
described above, thereby effecting the high-frequency oscil 
lating operation. 

In this operation, in a case Where the transistor Q1 is on 
and the transistor Q2 is off, the current ?oWs through a path 
Which is comprised of the poWer sourceQL1—>point 
aQNPl and NP3—>the collector of Q1—>the emitter of 
QlQpoint b (GND), and a collector current IC thus ?oWs 
across the transistor Q1. At this time, no current ?oWs across 
the Windings NP2 and NP4. 

MeanWhile, in a case Where the transistor Q1 is off and the 
transistor Q2 is on, the current ?oWs through a path Which 
is comprised of the poWer sourceQL1—>the point aQNP2 
and NP4—>the collector of Q2—>the emitter of Q2—>the point 
b (GND), and the collector current IC thus ?oWs across the 
transistor Q2. At this time, no current ?oWs across the 
Windings NP1 and NP3. 

In addition, as current ?oWs across the ?rst poWer 
transmitting coil constituted by the Windings NP1 and NP2 
and the second poWer-transmitting coil constituted by the 
Windings NP3 and NP4, a voltage is induced in the feedback 
Winding NF as Well. As positive feedback is provided to the 
bases of the transistors Q1 and Q2 by this voltage, the 
oscillating operation is continued. 

The transistors Q1 and Q2 effect the push-pull operation 
in the above-described manner, and drive the ?rst and 
second poWer-transmitting coils. In this case, the collector 
emitter voltage VCE of the transistor Q1 and the collector 
current IC of the transistor Q1 assume the illustrated Wave 
forms. In addition, the collector-emitter voltage VCE of the 
transistor Q2 and the collector current IC of the transistor Q2 
also assume similar Waveforms, but their phases are offset 
from each other. 
On the other hand, the part to be charged operates as 

folloWs. As the charging part undergoes the high-frequency 
oscillating operation in the above-described manner, the 
transmission of poWer is effected by electromagnetic cou 
pling. At this time, by the action of electromagnetic 
induction, a voltage is induced in the Windings NS1 and NS2 
constituting the poWer-receiving coil portion 28 of the part 
to be charged. As a result of this induced voltage, current 
?oWs across the parallel resonance circuit constituted by the 
Windings NS1 and NS2 and the capacitor C2, so that the 
parallel resonance circuit assumes a state of parallel 
resonance, eXpanding the amplitude of voltage. 

Then, the output of the parallel resonance circuit is 
subjected to full-Wave recti?cation by a full-Wave recti?ca 
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tion circuit constituted by the diodes D1 and D2, and the 
ripple current is reduced by a smoothing circuit constituted 
by the choke coil L2 and the capacitor C3, thereby gener 
ating a smooth dc voltage. Then, the constant-current circuit 
36 is operated by the dc voltage to generate a constant 
current, and the Li-ion secondary battery 33 is charged by 
this constant current. 

The Li-ion secondary battery 33 is charged as the non 
contact poWer transmission is effected from the charging 
part to the part to be charged by the above-described 
operation. In this case, the magnetic ?uX of the ferrite core 
37 is subjected to large oscillations betWeen the positive and 
negative sides in the ?rst and third quadrants of the B-H loop 
in the illustrated manner. It should be noted that the present 
invention can be also implemented if the ferrite core 37 is 
omitted, and all the ?rst poWer-transmitting coil portion 26, 
the second poWer-transmitting coil portion 27, and the 
poWer-receiving coil portion 28 are formed as air-core coils. 

Referring noW to FIG. 4, a description Will be given of the 
circuit con?guration and operation of a circuit according to 
the second embodiment. The circuit shoWn in FIG. 4 is an 
eXample in Which all the Windings of the ?rst poWer 
transmitting coil portion 26 and the second poWer 
transmitting coil portion 27 are connected in series. In this 
circuit as Well, the poWer-receiving coil portion 28 at its both 
sides is placed betWeen the tWo separate and independent 
?rst poWer-transmitting coil portion 26 and second poWer 
transmitting coil portion 27 (see FIG. 2), and the Windings 
of these poWer-transmitting coil portions are driven by a 
high-frequency oscillating circuit of the push-pull type of 
the circuit as shoWn in FIG. 4. 

As a result of this driving, the change in the magnetic ?uX 
of the ferrite core 37 is subjected to large oscillations in the 
?rst and third quadrants of the B-H loop, thereby realiZing 
the noncontact poWer transmission With high ef?ciency. A 
speci?c circuit con?guration is provided as folloWs. In the 
charging part, all of the Windings NP1 and NP2 of the ?rst 
poWer-transmitting coil portion 26 and the Windings NP3 
and NP4 of the second poWer-transmitting coil portion 27 
are connected in series in order of NP3, NP1, NP2, and NP4 
betWeen the collector of the transistor Q1 and the collector 
of the transistor Q2. 

Further, the point of contact a betWeen the Windings NP1 
and NP2 is connected to the poWer source via the choke coil 
L1, and one end of the Winding NP3 is connected to the 
collector of the transistor Q1, While one end of the Winding 
NP4 is connected to the collector of the transistor Q2. The 
Windings NP1 to NP4 and the capacitor C1 are connected in 
parallel, and constitute the parallel resonance circuit. It 
should be noted that the other arrangements are similar to 
those of the above-described ?rst embodiment. 
The operation of the circuit shoWn in FIG. 4 is as folloWs. 

As the transistors Q1 and Q2 undergo the push-pull opera 
tion in the same Way as in the circuit of the ?rst embodiment 
to effect the high-frequency oscillating operation, thereby 
driving the Windings NP1 to NP4. The current Which ?oWs 
across various parts is as folloWs. 

In a case Where the transistor Q1 is on and the transistor 
Q2 is off, the current ?oWs through a path Which is com 
prised of the poWer sourceQLlQthe point 
aQNP1QNP3Qthe collector of QlQthe emitter of 
Q1—>the point b (GND), and the collector current IC thus 
?oWs across the transistor Q1. MeanWhile, in a case Where 
the transistor Q1 is off and the transistor Q2 is on, the current 
?oWs through a path Which is comprised of the poWer 
sourceQL1—>the point aQNP2QNP4Qthe collector of 
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Q2—>the emitter of Q2—>the point b (GND), and the collec 
tor current IC thus ?oWs across the transistor Q2. 
Incidentally, the other operation is similar to that of the 
above-described circuit of the ?rst embodiment. 

In this circuit of the second embodiment, the Way in 
Which the magnetic ?ux is oscillated in the ferrite core 37 is 
similar to the case of the circuit of the ?rst embodiment, but 
since all the Windings of the poWer-transmitting coils are 
connected in series, it is readily possible to increase the 
inductance of the poWer-transmitting coils. For this reason, 
in a case Where the input voltage is high (e.g., AC 200 V), 
it is possible to prevent the exciting current from becoming 
excessively large. It should be noted that the present inven 
tion can be also implemented if the ferrite core 37 is omitted, 
and all the ?rst poWer-transmitting coil portion 26, the 
second poWer-transmitting coil portion 27, and the poWer 
receiving coil portion 28 are formed as air-core coils. 

FIGS. 5A to 5C are explanatory diagrams of the poWer 
transmitting coil portions and the poWer-receiving coil por 
tion. FIG. 5A is an explanatory diagram of layout, and FIGS. 
5B and 5C are explanatory diagrams of the magnetic ?ux. As 
described before, in the charging part in each of the circuit 
according to the ?rst and second embodiments, the poWer 
transmitting coil is divided into tWo sets, and the poWer 
transmitting coils of the sets (the ?rst poWer-transmitting 
coil and the second poWer-transmitting coil) are respectively 
Wound around the ferrite cores 37, and are formed as the ?rst 
poWer-transmitting coil portion 26 and the second poWer 
transmitting coil portion 27 Which are separate and inde 
pendent as the tWo sets. In addition, the poWer-receiving coil 
provided in the part to be charged is Wound around the ferrite 
core 37, and is formed as the single poWer-receiving coil 
portion 28. 

Then, in a chargeable state in Which the part to be charged 
is placed on the charging part, the poWer-receiving coil 
portion 28 is inserted in the space betWeen the ?rst poWer 
transmitting coil portion 26 and the second poWer 
transmitting coil portion 27, so that the ?rst poWer 
transmitting coil portion 26, the poWer-receiving coil 
portion 28, and the second poWer-transmitting coil portion 
27 are arranged as to be aligned With each other, as shoWn 
in FIG. 5A. 

In addition, the poWer-transmitting coil of the ?rst poWer 
transmitting coil portion 26 is arranged such that an insulator 
base 38 is provided around the ferrite core 37, and the 
poWer-transmitting coil of the ?rst poWer-transmitting coil 
portion 26 is constituted by the tWo Windings NP1 and NP2 
Which are Wound therearound and are connected in series. 
MeanWhile, the poWer-transmitting coil of the second 
poWer-transmitting coil portion 27 is arranged such that an 
insulator base 38 is provided around the ferrite core 37, and 
the poWer-transmitting coil of the second poWer 
transmitting coil portion 27 is constituted by the tWo Wind 
ings NP3 and NP4 Which are Wound therearound and are 
connected in series. Incidentally, the second poWer 
transmitting coil portion 27 is also provided With the Wind 
ing NF for feedback Which is Wound around the ferrite core 
37. 

Further, the poWer-receiving coil of the poWer-receiving 
coil portion 28 is arranged such that an insulator base 38 is 
provided around the ferrite core 37, and the poWer-receiving 
coil of the poWer-receiving coil portion 28 is constituted by 
the Windings NS1 and NS2 Which are Wound therearound. 
As shoWn in FIG. 5B, the respective Windings of the 
above-described poWer-transmitting coils are Wound such 
that the polarities of the Windings NP1, NP2, NP3, and NP4 
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10 
are adjusted so that the directions of ac magnetic ?uxes (1)1 
and (1)2, Which penetrate from the ?rst poWer-transmitting 
coil portion 26 and the second poWer-transmitting coil 
portion 27 through the poWer-receiving coil portion 28 With 
the Li-ion secondary battery 33 charged, are constantly set 
in the same direction. 

For example, if the direction of the magnetic ?ux gener 
ated in the ?rst poWer-transmitting coil portion 26 is the 
direction of (1)1, the direction of the magnetic ?ux generated 
in the second poWer-transmitting coil portion 27 at this time 
is also the direction of (1)1, and the direction of the magnetic 
?ux generated in the poWer-receiving coil portion 28 is also 
the direction of (1)1. On the other hand, if the direction of the 
magnetic ?ux generated in the ?rst poWer-transmitting coil 
portion 26 is the direction of (1)2 (an opposite direction to (1)1), 
the direction of the magnetic ?ux generated in the second 
poWer-transmitting coil portion 27 at this time is also the 
direction of (1)2, and the direction of the magnetic ?ux 
generated in the poWer-receiving coil portion 28 is also the 
direction of (1)2. 

FIG. 6 shoWs a circuit according to third embodiment. 
Referring noW to FIG. 6, a description Will be given of the 
circuit of the third embodiment. The circuit of the third 
embodiment is an example in Which each of the poWer 
transmitting coils of the ?rst poWer-transmitting coil portion 
26 and the second poWer-transmitting coil portion 27 in the 
above-described circuit of the ?rst and second embodiments 
is constituted by a single Winding (one Winding portion), 
these poWer-transmitting coils are connected in series. The 
poWer-receiving coil of the poWer-receiving coil portion 28 
is also constituted by a single Winding (one Winding 
portion), and the high-frequency oscillating circuit of the 
charging part is formed as a high-frequency oscillating 
circuit of a separately excited type. Hereafter, the circuit of 
the third embodiment Will be described in detail. 
As shoWn in FIG. 6, the charging part is provided With the 

rectifying and smoothing circuit 34, the choke coil L1 for a 
constant current, the transistor Q1 Whose emitter is 
grounded, an oscillator 44 for driving the transistor Q1, the 
capacitor C1 for parallel resonance, the ?rst poWer 
transmitting coil portion 26, and the second poWer 
transmitting coil portion 27. The ?rst poWer-transmitting 
coil portion 26 is constituted by the ferrite core 37 and the 
?rst poWer-transmitting coil constituted by the Winding NP1 
Which is Wound around the ferrite core 37. 

Further, the second poWer-transmitting coil portion 27 is 
constituted by the ferrite core 37 and the second poWer 
transmitting coil constituted by the Winding NP2 Which is 
Wound around the ferrite core 37. The Windings NP1 and 
NP2 are connected in series, and their both ends are con 
nected to the poWer source and the collector of the transistor 
Q1. In addition, the series circuit of the Windings NP1 and 
NP2 and the capacitor C1 are connected in parallel, and 
constitute a parallel resonance circuit. 

When poWer is supplied to the oscillator 44 from an 
arbitrary poWer source (e.g., an output of the rectifying and 
smoothing circuit 34), the oscillator 44 undergoes oscillating 
operation, and imparts an oscillation output (e.g., a pulse 
signal) to the transistor Q1 as a drive signal, and the 
transistor Q1 is driven on and off by the drive signal. 
The con?guration provided is such that high-frequency 

electromagnetic Waves are generated as the ?rst poWer 
transmitting coil portion 26 and the second poWer 
transmitting coil portion 27 are driven by the parallel 
resonance circuit and the high-frequency oscillating circuit 
of the separately excited type using the transistor Q1, so as 
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to effect the noncontact power transmission to the part to be 
charged by means of the electromagnetic Waves. 

Meanwhile, the part to be charged is provided With the 
poWer-receiving coil portion 28, the capacitor C2 for parallel 
resonance, the diode D1 for recti?cation, the choke coil L2, 
the capacitor C3 for smoothing, the constant-current circuit 
36, and the Li-ion secondary battery 33. In this case, the 
poWer-receiving coil portion 28 is constituted by the ferrite 
core 37 and the Winding NS1 Which is Wound around the 
ferrite core 37. In addition, the capacitor C2 is connected in 
parallel With the Winding NS1, thereby constituting a par 
allel resonance circuit. 

The operation of the circuit of the third embodiment is as 
folloWs. In the charging part, When poWer is supplied from 
the poWer source to the oscillator 44 to cause the oscillator 
44 to start oscillating operation, and a drive signal is 
outputted from the oscillator 44 to the base of the transistor 
Q1, the transistor Q1 is driven on and off. Then, as the 
transistor Q1 is driven on and off, current ?oWs across the 
parallel resonance circuit, and the parallel resonance circuit 
is set in a state of parallel resonance. In the charging part, the 
high-frequency oscillating circuit of the separately excited 
type thus effects the high-frequency oscillating operation. 
Then, as the ?rst poWer-transmitting coil portion 26 and the 
second poWer-transmitting coil portion 27 are driven, high 
frequency electromagnetic Waves are generated, so as to 
effect the noncontact poWer transmission to the part to be 
charged by means of the electromagnetic Waves. 

MeanWhile, the part to be charged operates as folloWs. As 
the charging part undergoes the high-frequency oscillating 
operation in the above-described manner, the transmission 
of poWer is effected by electromagnetic Waves. At this time, 
by the action of electromagnetic induction, a voltage is 
induced in the Winding NS1 constituting the poWer 
receiving coil portion 28 of the part to be charged. As a result 
of this induced voltage, current ?oWs across the parallel 
resonance circuit constituted by the Winding NS1 and the 
capacitor C2, so that the parallel resonance circuit assumes 
the state of parallel resonance, eXpanding the amplitude of 
voltage. 

Then, the output of the parallel resonance circuit is 
subjected to half-Wave recti?cation by the diode D1, and the 
ripple current is reduced by the choke coil L2 and a 
smoothing circuit constituted by the capacitor C3, thereby 
generating a smooth dc voltage. Then, the constant-current 
circuit 36 is operated by the dc voltage to generate a constant 
current, and the Li-ion secondary battery 33 is charged by 
this constant current. As the noncontact poWer transmission 
is effected from the charging part to the part to be charged 
by the above-described operation, the Li-ion secondary 
battery 33 is charged. 

Thus, in the circuit of the third embodiment, since the 
number of the Windings of each of the coils of the ?rst 
poWer-transmitting coil portion 26, the second poWer 
transmitting coil portion 27, and the poWer-receiving coil 
portion 28 is small as compared With the case of the 
above-described circuit of the ?rst and second embodiments, 
the Winding operation is alleviated, and the number of 
transistors used in the driving part can be reduced, thereby 
permitting a reduction in cost. Incidentally, the circuit of the 
third embodiment is suitable for the noncontact poWer 
transmission of relatively small poWer, and is effective in 
charging a secondary battery such as a PHS. 

FIG. 7 shoWs a circuit according to fourth embodiment. 
Referring noW to FIG. 7, a description Will be given of the 
circuit of the fourth embodiment. The circuit of the fourth 
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embodiment is an eXample in Which the Winding NP1 of the 
?rst poWer-transmitting coil portion 26 and the Winding NP2 
of the second poWer-transmitting coil portion 27 in the 
above-described circuit of the third embodiment are con 
nected in parallel, and the other arrangements are similar to 
those of the circuit of the third embodiment. 

As shoWn in FIG. 7, the charging part is provided With the 
rectifying and smoothing circuit 34, the choke coil L1 for a 
constant current, the transistor Q1 Whose emitter is 
grounded, the oscillator 44 for driving the transistor Q1, the 
capacitor C1 for parallel resonance, the ?rst poWer 
transmitting coil portion 26, and the second poWer 
transmitting coil portion 27. The ?rst poWer-transmitting 
coil portion 26 is constituted by the ferrite core 37 and the 
?rst poWer-transmitting coil constituted by the Winding NP1 
Which is Wound around the ferrite core 37. 

The second poWer-transmitting coil portion 27 is consti 
tuted by the ferrite core 37 and the second poWer 
transmitting coil constituted by the Winding NP2 Which is 
Wound around the ferrite core 37. In addition, the Winding 
NP1 and the Winding NP2 are connected in parallel, and 
their both ends are connected to the poWer source and the 
collector of the transistor Q1. Further, the Windings NP1 and 
NP2 and the capacitor C1 are connected in parallel, and 
constitute a parallel resonance circuit. 

In the charging part, high-frequency electromagnetic 
Waves are generated as the ?rst poWer-transmitting coil 
portion 26 and the second poWer-transmitting coil portion 27 
are driven by the parallel resonance circuit and the high 
frequency oscillating circuit of the separately eXcited type 
using the transistor Q1 Which is driven by the oscillator 44, 
so as to effect the noncontact poWer transmission to the part 
to be charged by means of the electromagnetic Waves. 

MeanWhile, the part to be charged is provided With the 
poWer-receiving coil portion 28, the capacitor C2 for parallel 
resonance, the diode D1 for recti?cation, the choke coil L2, 
the capacitor C3 for smoothing, the constant-current circuit 
36, and the Li-ion secondary battery 33. The poWer 
receiving coil portion 28 is constituted by the ferrite core 37 
and the Winding NS1 Which is Wound around the ferrite core 
37. In this case, the capacitor C2 is connected in parallel 
With the Winding NS1, thereby constituting a parallel reso 
nance circuit. 

The operation of the circuit of the fourth embodiment is 
as folloWs. In the charging part, When poWer is supplied 
from the poWer source to the oscillator 44 to cause the 
oscillator 44 to start oscillating operation, and a drive signal 
is outputted from the oscillator 44 to the base of the 
transistor Q1, the transistor Q1 is driven on and off. Then, as 
the transistor Q1 is driven on and off, current ?oWs across 
the parallel resonance circuit, and the parallel resonance 
circuit is set in a state of parallel resonance. In the charging 
part, the high-frequency oscillating circuit of the separately 
eXcited type thus effects the high-frequency oscillating 
operation. As the ?rst poWer-transmitting coil portion 26 and 
the second poWer-transmitting coil portion 27 are driven, 
high-frequency electromagnetic Waves are generated, so as 
to effect the noncontact poWer transmission to the part to be 
charged by means of the electromagnetic Waves. 

MeanWhile, the part to be charged operates as folloWs. As 
the charging part undergoes the high-frequency oscillating 
operation in the above-described manner, the transmission 
of poWer is effected by electromagnetic Waves. At this time, 
by the action of electromagnetic induction, a voltage is 
induced in the Winding NS1 of the poWer-receiving coil 
portion 28. As a result of this induced voltage, current ?oWs 
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across the parallel resonance circuit constituted by the 
Winding NS1 and the capacitor C2, so that the parallel 
resonance circuit assumes the state of parallel resonance, 
expanding the amplitude of voltage. 

Then, the output of the parallel resonance circuit is 
subjected to half-Wave recti?cation by the diode D1, and the 
ripple current is reduced by the choke coil L2 and a 
smoothing circuit constituted by the capacitor C3, thereby 
generating a smooth dc voltage. Then, the constant-current 
circuit 36 is operated by the dc voltage to generate a constant 
current, and the Li-ion secondary battery 33 is charged by 
this constant current. As the noncontact poWer transmission 
is effected from the charging part to the part to be charged 
by the above-described operation, the Li-ion secondary 
battery 33 is charged. 

Thus, in the circuit of the fourth embodiment, since the 
number of the Windings of each of the coils of the ?rst 
poWer-transmitting coil portion 26, the second poWer 
transmitting coil portion 27, and the poWer-receiving coil 
portion 28 is small as compared With the case of the 
above-described circuit according to the ?rst and second 
embodiments, the Winding operation is alleviated, and the 
number of transistors used in the driving part can be 
reduced, thereby permitting a reduction in cost. 

FIGS. 8A to 8C are explanatory diagrams of the poWer 
transmitting coil portions and the poWer-receiving coil por 
tion. FIG. 8A is an explanatory diagram of layout, and FIGS. 
8B and 8C are explanatory diagrams of the magnetic ?ux. As 
described before, in the charging part in each of the circuit 
of the third and fourth embodiment, the poWer-transmitting 
coil is divided into tWo sets, and the poWer-transmitting coils 
of the sets are respectively Wound around the ferrite cores 
37, and are formed as the ?rst poWer-transmitting coil 
portion 26 and second poWer-transmitting coil portion 27 
Which are separate and independent as the tWo sets. In 
addition, the poWer-receiving coil provided in the part to be 
charged is Wound around the ferrite core 37, and is formed 
as the single poWer-receiving coil portion 28. 

Then, in the chargeable state in Which the part to be 
charged is placed on the charging part, the poWer-receiving 
coil portion 28 is inserted in the space betWeen the ?rst 
poWer-transmitting coil portion 26 and the second poWer 
transmitting coil portion 27, and the ?rst poWer-transmitting 
coil portion 26, the poWer-receiving coil portion 28, and the 
second poWer-transmitting coil portion 27 are arranged in 
such a manner as to be aligned With each other, as shoWn in 
FIG. 8A. 

In addition, the poWer-transmitting coil of the ?rst poWer 
transmitting coil portion 26 is arranged such that the insu 
lator base 38 is provided around the ferrite core 37, and the 
poWer-transmitting coil of the ?rst poWer-transmitting coil 
portion 26 is constituted by one Winding NP1 Which is 
Wound therearound. MeanWhile, the poWer-transmitting coil 
of the second poWer-transmitting coil portion 27 is arranged 
such that the insulator base 38 is provided around the ferrite 
core 37, and the poWer-transmitting coil of the second 
poWer-transmitting coil portion 27 is constituted by one 
Winding NP2 Which is Wound therearound. 

Further, the poWer-receiving coil of the poWer-receiving 
coil portion 28 is arranged such that the insulator base 38 is 
provided around the ferrite core 37, and the poWer-receiving 
coil of the poWer-receiving coil portion 28 is constituted by 
one Winding NS1 Which is Wound therearound. As shoWn in 
FIGS. 8B and 8C, the respective Windings of the above 
described poWer-transmitting coils are Wound such that the 
polarities of the Windings NP1 and NP2 are adjusted so that 
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14 
the directions of ac magnetic ?uxes (1)1 and (1)2, Which 
penetrate from the ?rst poWer-transmitting coil portion 26 
and the second poWer-transmitting coil portion 27 through 
the poWer-receiving coil portion 28 With the Li-ion second 
ary battery 33 charged, are constantly set in the same 
direction. 

For example, if the direction of the magnetic ?ux gener 
ated in the ?rst coil portion 26 is the direction of (1)1, the 
direction of the magnetic ?ux generated in the second 
poWer-transmitting coil portion 27 at this time is also the 
direction of (1)1, and the direction of the magnetic ?ux 
generated in the poWer-receiving coil portion 28 is also the 
direction of (1)1. On the other hand, if the direction of the 
magnetic ?ux generated in the ?rst coil portion 26 is the 
direction of (1)2 (an opposite direction to (1)1), the direction of 
the magnetic ?ux generated in the second poWer 
transmitting coil portion 27 at this time is also the direction 
of (1)2, and the direction of the magnetic ?ux generated in the 
poWer-receiving coil portion 28 is also the direction of (1)2. 

FIGS. 9A and 9B are explanatory diagrams of an experi 
ment. FIG. 9A is a diagram illustrating the coil portions of 
a conventional device, and FIG. 9B is a diagram illustrating 
the coil portions in accordance With the present invention. 
FIG. 10 shoWs an experimental circuit of the conventional 
device. FIG. 11 shoWs an experimental circuit in accordance 
With the present invention. Since the experiment Was con 
ducted to con?rm the effects of the present invention, and its 
results Will be described hereafter. Incidentally, since an 
experiment Was conducted With respect to the conventional 
device as Well for comparison’s sake, its results Will also be 
described. 

In this experiment, an experiment Was conducted by using 
the coil portions shoWn in FIGS. 9A and 9B and using the 
experimental circuits shoWn in FIGS. 10 and 11. In this case, 
since the poWer-receiving coil portion 28 is incorporated in 
the portable telephone body or the like, its volume and 
Weight present problems. For this reason, the shapes of the 
poWer-transmitting coil portion and the poWer-receiving coil 
portion Were made identical in the conventional device and 
the present invention, output poWer (charging current x 
terminal voltage at the Li-ion secondary battery 33) Was set 
under the same condition (output poWer:constant), and an 
experiment Was conducted With an important check item 
being to What extent the poWer-receiving coil portion 28 can 
be made compact and lightWeight. 
As the coil portions of the conventional device, the coil 

portions of the conventional device shoWn in FIG. 12 Were 
used, and the coil portions in Which coils Were Wound 
around the ferrite core 37 Were used. Namely, the main 
Winding 9 and the gate Winding 10 of the primary trans 
former 8 Were Wound around the columnar ferrite core 37 
subjected to insulation treatment, so as to form the poWer 
transmitting coil portion, and the Winding of the secondary 
transformer 11 Was Wound around the columnar ferrite core 
37 subjected to insulation treatment, so as to form the 
poWer-receiving coil portion. 

Then, the dimensions of the poWer-transmitting coil por 
tion Were set as shoWn in the draWing (all the units being 
millimeters), the poWer-transmitting coil portion and the 
poWer-receiving coil portion Were aligned coaxially, and the 
gap betWeen the coil portions Was set at 3.5 mm. In this case, 
the outer appearance of the poWer-receiving coil portion Was 
columnar, and its outside dimensions Were 10 mm in length 
(or height) and 7 mm in diameter. 
As for the coil portions of the present invention, the ?rst 

poWer-transmitting coil portion 26, the poWer-receiving coil 
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