SPECI FI CATI ON ELECTRI C POAER TRANSM SSI ON DEVI CE AND ELECTRI C PONER
TRANSM SSI ON METHOD Techni cal Field The present invention relates to an

el ectric power transm ssion device and an el ectric power transm ssion

met hod, and for exanple, is suitably applied to an el ectric power

transm ssion device and an el ectric power transm ssion nethod to be used as
a charger which charges electric power to a secondary battery built in a
portabl e conpact el ectronic equi pnment via a noncontact term nal. Background
Art In recent years, there has beejppridaridfe i n demand for portable
conpact el ectronic equi pnent, such as a small-sized headphone stereo,

conbi nati on caneral/video tape recorder and nobile conmunication term nal
These portabl e conpact el ectronic equi pnent are equi pped with rechargeabl e

and hi ghreaRac BoWEe CRUMNMIEEION IVt A0 EIMRIC BHR Hdnaier sdanged
by using a prescribed charger. One type of the charger devices 1s a contact

type. Mpmsiopont act type charger has such as a spring-| oaded point of
- contact, and by contacting a point of contact of the portable conpact

Technical Field

The present invention relates to an electric power
transmission device and.an electric power transmission method, and
for example, is suitably applied to an electric power transmission
device and an electric power transmission method to be used as a .
charger which charges electric power to a secondary battery built
in a portable compact electronic equipmeqt via a noncontact

terminal.

Background Art

In recent years, there has been a sharp rise in demand for
portable compact electronic eéuipment, such as a small-sized
headphone stereo, combination camera/video tape recorder and
mobile communication terminal. These portable compact electronic
equipment are equipped with rechargeable and high capacity
secondary batteries as their power source and are charged by using
a prescribed charger.

One type of the charger devices is a contact type. This
contact type charger has such as a spring-loaded point of contact,

and by contacting a point of contact of the portable compact



el ectronic equi pnment side to the point of contact to electrically connect
them and the charging current is supplied to the secondary battery built
in the portabl e conpact el ectronic equipnent via thus forned electric path.
However, in these chargers, the point of.contact nay be oxidized or

contam nants nmay be build up on the point of contact with tine. These

oxi dati on and contam nants cause the di sconnection on the part of these
contact points and hinder the supply of charging current to the secondary
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chargi ng system en considered. As ‘the noncontact type charglng
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secondary battery by the el ectronagnetic induction can be considered. Mre
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and a secondary coil is provided on a term nal of the portable conpact
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brought cl ose. Wien an electric current is fed to the primary coil under
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point, if the current to be fed to the primary coil is turned ON or OFF at
est abl icadieti Aatt esw aden tdrinamgs atayy be (buitled hgp ganertad qsbint (i EotitodEt
i nduction varies with tine. In the secondary coil side, an inducted
el ect r orirth einieor c Thiesegendidaitdcnb andh eocaltartiinamtgneause reiect i on due to
t he Iinkage of the magnetic flux which varies
disconnection on the part of these contact points and hinder the
supply of charging current to the secondary battery.

To avoid such problems, a charger using the noncontact type
charging system has been considered. As the noncontact type
charging system, a system of supplying the charging current from
the charger to the secondary battery by the electromagnetic

. induction can be considered.

More specifically, a primary coil is provided on a terminal
of the charger side and a secondary coil is provided on a terminal
of the portable compact electronic equipment, and the primary coil
and the secondary coil are brought close. When an electric current
is fed to the primary coil under this condition, the primary coil
generates the magnetic flux. At this point, if the current to be
fed to the primary coil is turned ON or OFF at established
intervals, the magnetic flux to be generated by the current
induction varies with time. In the secondary coil side, an

inducted electromotive force is generated by the electromagnetic

induction due to the linkage of the magnetic flux which varies



2 with tine. The primary coil generates alternating current of which the
~direction of current is reversed according to the OV OFF of the primry
coil side as inducted current with the inducted el ectronotive force as a
power supply. Thus, the noncontact type charger conducts chargi ng by
supplying the inducted current to be generated in the secondary coil to the
secondary battery. as the charging current. Wth this arrangenent, by
bringing the primary coil of the charger side and the secondary coil of the
port abl g. el ront uj n | o] CLLl i L1
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noncont act type charger can be obtained. In the charger constructed as
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coil to the secondary coil, the noncontact power transnission can _
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and the secondary coil is lengthened (1n the case of magnetic '

generated in the secondary coil to the secondary battery as the
charging current.

With this arrangement, by bringing the primary coil of the
charger side and the éecondary coil of the portable compact
electronic equipment side close, the electric power will be
transmitted from the primary coil side to the secondary coil side
using the magnetic contact by the electromagnetic induction, and
thereby the noncontact type charger can be obtained.

In the charger constructed as desc;ibed above, the primary
coil and the secondary coil are built in the charger side and the
electronic equipment side respectively, and by transmitting the
power by the electromagnetic induction from the primary coil to
the secondary coil, the noncontact power transmission can be
conducted. | |

However,_in this case, as the distance between the primary
coil and the secondary coil is leﬁgthened (in the case of magnetic
permeability of the air), a coupling coefficient between the
primary coil and the secondary coil becomes worse and the amount
of linkage of the ﬁaghetic flux generated in the primary coil to

the secondary coil decreases. Therefor, in the electric power



perneability of the air), a coupling coefficient between the primary coi
and the secondary coil becones worse and the anount of |inkage of the
magnetic flux generated in the primary coil to the secondary coi

decreases. Therefor, in the electric power 3 transm ssion device, it is
difficult to increase the degree of coupling between the prirmary coil and
the secondary coil such as the general transforner. Accordingly, the

el ectric power transm ssion device described above has a problemthat the
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oscillation signal fornmed of a fixed frequency, current supplying

becomes low due to the power loss by weak coupling.

Disclosure of the Invention

The present invention has been done considering the above
point and is proposing an electric power transmission device and
an electric power transmission method which are capable of
improving the efficiency in electric power transmission from the
primary coil side ﬁo the secondary coil side.

To solve such problems, in the present invéntion, the
electric powe? transmission device for.transmitting-the electric
power between the primary coil and the secondary coil, comprises
signal generating means for generating and transmitting an
oscillation signal formed of a fixed frequency, current supplying
means;for supplying the electric current to be conducted to the
primary coil, driving means for drive-controlling the conduction
and intefception.of the electric current to the primary coil based
on the frequency of the oscillation signal, a primary coil for
generating a magnetic flux which varies with time, based on the
frequency of oscillatién signal by drive controlling the

conduction and interception of the electric current, and a



means for supplying the electric current to be conducted to the primary
coil, driving neans for drive-controlling the conduction and interception
of the electric current to the prinmary coil based on the frequency of the
oscillation signal, a primary coil for generating a magnetic flux which
varies wth time, based on the frequency of oscillation signal by drive
controlling the conduction and interception of the electric current, and a
secondary coil to which a capacitance elenent is connected in
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to be ‘generated between t he capacitance el enent and the secondary coi
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the frequency of oscillation signal as the oscillation frequency, so t
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oscillation signal of the primary coil side is chosen as the resonant
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electromagnetic force with the frequency higher than the frequency
of oscillation signal as the oscillation frequency, so that the
inducted electromotive force can be transmitted to the secondary
coil by the linkage of the magnetic flux which varies with time
and is generated in the primary coil.

Since thé‘frequency higher than the frequency of oscillation
signal of the primary coil side is chosen as the resonant
frequency of the secondary coil side, the capacitance can be
reduced and the coupling coefficient between the primary coil and
the secondary coil can be apparently increased. Thus, the

efficiency in the power transmission from the primary coil side to

the secondary coil side can be improved.

Brief Description of the Drawings

Fig. 1 is a éircuit diagram showing the construction of a
charger and an electronic equipment according to the first
embodiment of the present invéntion.

Fig. 2 is a circuit diagram showing an equivalent circuit of

an electromagnetic induction section.



reduced and the coupling coefficient between the primary coil and the
secondary coil can be apparently increased. Thus, the efficiency in the
power transm ssion fromthe primary coil side to the secondary coil side
can be inproved. Brief Description of the Drawings Fig. 1 is a circuit

di agram show ng the construction of a charger and an el ectroni c equi pnent
according to the first enbodi nent of the present invention. Fig. 2 is a
circuit diagram showi ng an equivalent circuit of an el ectromagnetic
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the driving fréequency of thé primary coil "and the resonant frequency of the
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given to the“primary cOil according to the driving frequency. Fig. 51is a

di agr agrexnbakBcBadhhe igduction vol tage to be generated in the secondary
coil. Fig. 6 is a circuit diagramshow ng the construction of a charger and

an el ectroni gigquigpiBnk dsegidimnexplaihéngechaddeibadgnesltaget ke beesent
invention. Fig. 7 is a diagram explaining the induction voltage to be
given to the primary coil according to the driving frequency.

Fig. 5 is a diagram explaining the induction voltage to be
generated in the secondary coil.

Fig. 6 is a circuit diagram showing the construction of a
charger and an electronic equipment according to the second
embodiment of the present invention.

Fig. 7 is a diagram explaining the induction voltage to be
generated in the secondary coil.

Fig. 8 is a schematic diagram showing the construction of a
charger and an electronic equipment according to the third
embodiment of the present invention.

Fig. 9 is a block diagram showing the construction of a
charger aﬁd an electronic equipment according to the fourth
embodiment of the present invention.

Fig. 10 is a diagram explaining the induction voltage control
of the secondary coil side according to the frequency variation of
the primary coil side.

Fig. 11 is a diagram explaining the mainﬁenance of the
induction voltagé according to the embodiment.

Fig. 12 is a flow chart explaining the procedure of the

frequency control according to the voltage detection.



generated in the secondary coil. Fig. 8 is a schematic diagram showi ng the
construction of a charger and an el ectroni.c equi pnment -according to the
third enbodi nent of the present invention. Fig. 9 is a block di agram
showi ng the construction of a charger and an el ectronic equi pnment according
to the fourth enbodi mrent of the present invention. Fig. 10 is a di agram
expl ai ning the induction voltage control of the secondary coil side
according to the frequency variation of the primary coil side. Fig. 11 is a
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the enmbodinent™ Fig. 12 is a flowchart explaining the procedure of the
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bl ock di agram show ng the construction of a charger and an el ectronic

eqm[mgﬂgodgﬁgﬁgi@g tRetpRebbht higvdoeio@pnt of the present invention. Fig.
14 is a block diagram showi ng the construction of a charger according to

the sixth enging] neatiofa tbbodk edbadram stivwinyg . the. cds trudtibmcke b agram
showi ng the construction of a charger according to the other enbodi nent.
charger according to the sixth embodiment of the present invention.
Fig. 15 is a block diagram showing the construction of a
charger according to the other embodiment.

-Fig. 16 is a block diagram showing the construction of a

charger according to the other embodiment.

Best Mode for Carrying Out the Invention

An embodiment of the present invention will be described in
detail with reference to the accompanYing drawings.

(1) The First Embodiment

In Fig. 1, numeral 1 generally shows a charger/ in which a
secondary battery is recharged by.supplying the electric power .
sent out from a power source 2 to the secondary battery which is
.built in the prescribed electronic equipment via an
electromagnetic induction section 3. The electromagnetic induction
section 3 is comprised of a primary coil Ll placed in the charger
1 side and a secondafy coil L2 provided in the electronic
equipﬁent, and these primary coil L1 and the secondary coil L2 do
not have a.point of contact with each other. One terminal of the
primary coil Ll is connected to the power source 2, and both

terminals of the secondary coil L2 are connected to the secondary



Fig. 16 is a block diagram showi ng the construction of a charger according
to the other enbodiment. Best Mdde for Carrying Qut the Invention An

enbodi ment of the present invention will be described in detail with
reference to the acconpanying drawi ngs. (1) The First Enbodinent In Fig. 1,
nuneral 1 generally shows a charger, in which a secondary battery is
recharged by supplying the electric power sent out froma power source 2 to
the secondary battery which is built in the prescribed electronic equipnent
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section 3 1s conprised of a primary L1 pl aced charger
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power source 2, and both termnals of the secondary coil are connected
to the RGPS Mgihg. battery. The charger 1 is conprised of the prinary
coil L1 and the secondary coil L2 which are wi nded around cores having the
flh xed shapes e s tdhentgen i, RS & tHEe et nd1aGH Hae igkingash dierhen
char gi ng.

is connected to a driving circuit 4 and the driving circuit 4 is

connected to a driving frequency gene:ating unit 5. The driving
frequency generating unit 5 generates.an oscillation signal formed
of the prescribed frequency £, and supplies this to the driving'
circuit 4. The driving circuit 4 feeds the supplied oscillation
signal to a base electrode of a transistor Trl which is emitter
grounded. When'the voltage level of the oscillation signal entered
into the base electrode is positive value, the transistor Trl
conducts the current between the emitter electrode and the
collector electrode. Thus, the current to be sent out from the
power source 2 flows into the primary coil Ll.

Furthermore, in the case where the voltage level of the
oscillation signal to be entered into the base electrode of the
transistor Trl becomes the negative value, the transistor Trl cuts
off the conduction between the emitter electrode and the collector
electrode. Under this condition, the current to be transmitted
from the power source 2 does not flow into the primary coil L1,
and an LC circuit formed by the primary coil L1 and a cépacitor Ccl
of the driving circuit 4 forms a resonance circuit and an inverse

electromotive force is generated in the primary coil Ll. The



In the charger 1, the other termnal of the primary coil L1 is connected to
a driving circuit 4 and the driving circuit 4 is connected to a driving
frequency generating unit 5. The driving frequency generating unit 5
generates an oscillation signal fornmed of the prescribed frequency f[err]
and supplies this to the driving circuit 4. The driving circuit 4 feeds the
supplied oscillation signal to a base electrode of a transistor Trl which
is emtter grounded. Wien the voltage |evel of the oscillation signal
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conducts the curr et ween t emtter electrode and t ect or
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transi stor Trl becones the negative value, the transistor Trl cuts o t he
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this condition, the current to be transmtted fromthe power source 2 does
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coil L1 and a capacitor ClL of the driving circuit 4 forns a resonance
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L1. The current flows into the capacitor ClL to conduct the charging with
becomes 0, the current becomes the maximum. Then, the capacitor c1
is charged by the voltage of the opposite direction. At the point
of time when the voltage exceeds the voltage of the power source 2,
a damper diode D1 in the driving éircuit 4 is conducted and the 1IC
circuit becomes short-circuited condition and oscillation by the
ILC circuit stops and the current flowing into the primary coil L1
decreases linearly. At the time when the current becomes 0, the
transistor Trl becomes ON state, and these operations are repeated
thereafter. In this way, the current flowing ihto the primary coil
Ll vibrates moving forward and backward alternately by the driving
circuit 4, and accordingly, the voltage to be produced in the
primary coil Ll becomes the form of horizontal pulse that changes
based on the driving frequency f,, to be transmitted from the

" driving frequency generating unit 5.

The magnetic flux is generated in the primary coil L1 as the
current flows and the magnetic flux varies over time corresponding
to the oscillation of the current described above. Moreover, the
induced electromotive force is generated in the secondary coil L2

by the linkage of the magnetic flux which varies with time, to the



the voltage by this inverse electronotive force as an electric source,  and
the current of the opposite direction flows into the primary coil L1 when
the capacitor Cl conducts discharging to the primary coil L1. The current

i ncreases as the voltage of the capacitor Cl drops, and when the voltage of
the capacitor Cl becones 0, the current becones the maxi num Then, the

. capacitor Cl is charged by the voltage of the opposite direction. At the
point of time when the voltage exceeds the voltage of the power source 2, a
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beconmes short-circuited condition and oscillation by the LC circuit stops
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time when the current becomes 0, the transistor Trl becones ON state, and
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frequency generating unit 5. The magnetic flux is generated in the primry
coi | L1adsermating dmndddeshscuwrnenth gensgradied: ifnl they meicendamy daide L2 is
corresponding to the oscillation of the current described above. Moreover,
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the Iinkage of the magnetic flux which varies with tinme, to the 9
secondary coil L2 rectifies the induced current to be generated
having the induced electromotive force as the power source, with
the diode D2 and supplies this to the secondary battery to charge.
The charger 1 transmits the electric power to be sent out from the
power source 2 by the electromagnetic induction, from the primary
coil L1 to the secondary coil L2 to charge.
| In this connection, Fig. 2 shows an equivalent circuit of the
electromagnetic induction section 3 and LS2 shown in this Fig. is
leakage'inductance of the secondary coil L2 side.

At this point, as shown in Fig. 3, in the charger 1, assuming
that the frequency of induction voltage to be generated in the
'secondary coil L2 by the induced electromotive force to be
reversed, that is the resonant frequency, is f,,, the rescnant
frequency f,, is set to become higher than the frequency to drive-
control the current flowing through the primary coil 1, that is
the driving frequency £,.. The resonant frequency f,, with respect
to the driving frequency f£,. can be set by adjusting the number of

winds of the secondary coil L2 with respect to the number of winds
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secondary coil L2. Thus, the current. flows through the secondary coil L2 by
the i nduced el ectronotive force which reverses according to the

ti me-varying magnetic flux, and the resonant occurs in the current by the
secondary coil L2 and a capacitor C2 connected to the secondary coil ‘L2 in
parallel. Thus, the alternating induced current generated in the secondary
coil L2 is sent out via the diode D2. The el ectronic equi pnent having the
secondary coil L2 rectifies the induced current to be generated having the
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L1 appears in the form of pulse wave formed of the driving
frequency f,.. Here, e, is a power element to be formed in the
primary coil Ll when the transistor Trl is in the OFF condition,
and e, is a power element to be generated in the primary coil L1
when the transistor Trl is in the ON condition.

Furthermore, as shown in Fig. 5, induction voltage formed of
the resonant frequency fu, is generated according to the temporal
changes of magnetic flux generated in the primary coil L1. Here,
e, and e, show power elements based on the voltage and current,
which is produced in the.secondary coil L2. The power element e,
correspbnds to the power element e, and is produced in the
secondary coil L2 when Trl is in the OFF condition. Moreover, the
power element e, corresponds to the power element e, and is
produced in the secondary coil L2 when Trl is in the OFF condition.
At this point, in the electronic equipment comprising the
secondary coil L2, the power is taken by rectifying the induced
current produced at the power element e; part, and supplied to the
secondary battery. In this connection, since the winding direction

of the primary coil L1 and the winding direction of the secondary
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the driving frequency f[err]. The resonant frequency f[err] wth respect to
the driving frequency f[err] can be set by adjusting the nunber of w nds of
the secondary coil L2 with respect to the nunber of wi nds 10 of the
primary coil or by adjusting the capacity of the resonant capacitor C2
connected to the secondary coil. L2 in parallel. As shown in Fig. 4, the
current flows through the primary coil L1 in the forward direction or in

t he backward direction in accordance with the OV OFF condition of the
transistor_Trl of the driving circyit 4, and the voltage generated in the
prinaryCEB;ILElagﬁpQRPQSFﬁthégﬁb §t 2pth waniigy efr yrNedEormenOfuthe ng
frequeng%,fﬁerrk. Her e, ek%r#g .S a power ﬁlenent to be . forped in the
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vol tage_forned .of the resonant frequency f[err] is generated according to

t he tenﬁﬁyﬁrsfﬂanges of magnetic flux generated in the primary coil L1.

rere, elerr] ABeshers) oooN.POUELo\ BIPRLRL 0SS0 00, ERYBLARISBRE, 7y

current, which s produced i ondary co
d e 5 . t rrls ' ' :
Cor | EEBE RIS AB BN, pbal SR{oFE BoRAYERL RckbiaRtoRdthe

frequency of the oscillation signal to be formed in the driving
frequency generating unit 5, and when it is in the ON condition,
the current to be supplied from the power source 2 flows through
the primary coil L1. Moieover, when the transistor Trl is in the
OFF condition, an inverse electromotive force is generated in the
primary coil L1l and the capacitor Cl is charged. Thereafter, the
capacitor Cl is discharged, thereby the current flows in the
direction opposite to the time when the transistor Trl is in the
ON condition. Thus, the magnetic flux produced in the primary coil
Ll varies with time in accordance with the inversion of the
current direction.

An induced electromotive force is generated in the secondary
coil L2 by the linkage of magnetic flux produced in the primary
coil L1 and the direction of the_induced electromotive force
changes according to the temporal changes of magnetic flux. Thus,
in the secondary coii L2, an induction voltage is generated by the
resonant frequency fg, with respect to the driving frequency f, by
the inversion of the induced electromotive force. -

At this point, in the case where the resonant frequency f,.

12



power elenent e[err] corresponds to the power elenent e2 and is produced in
the secondary coil L2 when Trl is in the OFF condition. At this point, in
the el ectronic equi prment conprising the secondary coil L2, the power is
taken by rectifying the induced current produced at the power elenent e3
part, and supplied to-the secondary battery. In this connection, since the
w nding direction of the primary coil L1 and the winding direction of the
secondary coil L2 are opposite, the plus and m nus of wave forns of the
driving frequency to be forned in the primary coil L1 and the resanant

frequeR®y the € iRt (P Hde Searndaryc §at)y L dde st sat e kaqamg) to
the foregoing construction, the transistor Trl of the driving circuit 4 -
boconm FONISERE CRRTISTAY F iR (A 0 th & DeBIRREG Fowt OfhSPBSBEIRER0FoLL
signal _to formed i,n the driving freguenc enerating unit 5 and when it
SO e GaeGHRTaTh LevRl ARG PRHEG e he SHLIRID RS I ce 2
flows roygh the pr.imary.coil L1 Nq%g ver e Ege trangistor, Trl is in
e OFERELAARSAE TG IS CHTERY it B, SorEE el St rhes P Pa e
primary ¢ ig‘Ll and tﬁg capaci.t qr Cl i.s..charged. Thereafter, the cagpacitor
Clis éog@h Hgdd Yhd? ol t‘ﬁ'gthc tc}:rrfree r‘lf_tolT%Ia&ﬁs d?lr? % r%er FRTBR S0 FPER: o _
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flux produced 1 n e primary col

power loss by the internal impedance on the LC circuit of the

secondary coil L2 side becomes large and the efficiency in the

power transmission cannot be improved.

Furthermore, in the case where the resonant frequency £, is
set to become lower than the driving frequency £, of the primary
coil L1, the current value of the induced current to be produced
in the secondary coil L2 side becomes small because it is
resonated with the frequency departed from the frequency of the
driving frequency f,.. However, since the time required for
discharging the resonant capacitor C2 connected to the secondary
coil L2 in parallel becomes longer, the capacitance C equivalently
‘becomes large and the actual efficiendy Q decreases, so that the
high 6utput voltage cannot be obtained.

The induced current to be generated in the secondary coil L2
is formed of the alternating current as described above, and by
decreasing the induced current while increasing the induction
voltage, the power can be taken efficiently decreasing the power
loss due to the internal impedance. Therefor, the induction

voltage to be obtained in the secondary coil L2 side is required

13



L1 varies with time in accordance with the inversion of the current
direction. An induced electronotive force is generated in the secondary
coil L2 by the linkage of magnetic flux produced in the primary coil L1 and
the direction of the induced el ectronotive force changes according to the
tenporal changes of magnetic flux. Thus, in the secondary coil L2, an

I nduction voltage is .generated by the resonant frequency flerr] with
respect to the driving frequency f[err] by the inversion of the induced

el ectromotj ve force. A% this point, in the case where the resonant
frequéﬁ%ﬁh¥?%r?f R9SSible. he LC circuit of the secondary coil L2 side is
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I n the case ere e resonant requency set econe

the dréﬂg&@iééﬁggeecinfEﬁérLeQEnQHE 8{£8@i¥ of the SeCOndéry coil L2 can

be equivalently made smaller and the actual efficiency Q can be

increased. Thus, in the charger 1, by increasing the apparent
coupling coefficient, the efficiency in the power transmission
from the primary coil L1 to the secondary coil L2 can be improved.

Furthermore, in the electronic equipment having the secondary
coil L2, the part of power element e; at the time when the.
transistor Trl is in the OFF condition is rectified, thereby the
power is taken from the induced current to be generated in the
secondary coil L2 responding to the direction inversion of the
current'flowing through the primary coil Ll. More specifically,
regarding the power elements e; and e, (Fig. 5), areas of these
elements are the same, and thus, the following relationship exists
in these power elements; the width of the current T2 of the power
element e, is narrower than the width of the current Tl of the
power element e, while the voltage value of the power element ¢,
is larger than the voltage value of the power element e,.
Accordingly, in the case where the electric power element e, part
is rectified and taken as the power, high output voltage can be

obtained. However, since the width of current T2 is narrower than

14



coil L1, the current value of the induced current to be produced in the
secondary coil L2 side becones snmall because it is resonated with the
frequency departed fromthe frequency of the driving frequency f[err].
However, since the time required for discharging the resonant capacitor C2
connected to the secondary coil L2 in parallel becones |onger, the

capaci tance C equivalently becones |arge and the actual efficiency Q
decreases, so that the high output voltage cannot be obtained. The induced
current to be generated in the secondary coil L2 is fornmed of the
alternathﬁgwéégheﬁf surgesdr e @fafbeePOyRYy Blemebtessi nthe heondiaction
current while increasing the induction voltage, the power can be taken

ef fi ci eRRB}edel EestificaEiopnds P3sEoyuandoberempat apninstabdganusput
Therefor, the induction voltage to be obtained in the secondary coil L2

si de i sSPUgEer 8§ eompargd mifR ibepsaspprberacthBedPRYEY, edsmaadc s b
above, in the charger 1, since the resonant frequency f[err] of the
secondaF?chgFe 2 side is set to become higher than the driving frequency

[Lert] o teRr LR gl L] SLdtio! DEer SRQNRNL, EUf Ll S20.OF U LHLO.

coll L2,588n88,-§940Y 8! ectB$E 2 BheindlldehNEndEbHR! o8 bhe' BOGL,Q Can be
element e, part and takes out the power, the conduction angle of
rectification can be made wider and a stable source power can be
obtained.

| According to the foregoing construction, in the case of

transmitting the electric power from the primary coil L1 to the
secondary coil L2 by the electromagnetic induction between the
primary coil L1 and the secondary coil 12, since the resonant
frequency £, to be produced in the secéndary coil L2 side is set
to becoz;te highér than the driving frequency f,, of the primary coil
Ll and the resonant voltage of the power element e; part at the
time .wh_en the transistor Trl is in the OFF condition is rectified
to take out the source power from the resonant voltage produced in
the secondary coil L2, the actual efficiency Q can be increased
and the apparent coupling coefficient can be increased and at the
same time, the power of the power source can be obtained from the
resonant voltage having the wide conduction angle of rectification.
Thus, the efficiency in power transmission can be increased and
the stable current power can be obtained.

(2) The Second Embodiment
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i ncreased. Thus, in the charger 1, by increasing the apparent coupling
coefficient, the efficiency in the power transm ssion fromthe primary coi
L1 to the secondary coil L2 can be inproved. Furthernore, in the electronic
equi pnent having the secondary coil L2, the part of power elenent e[err] at
the time when the transistor Trl is in the OFF condition is rectified,
thereby the power is taken fromthe induced current to be generated in the
secondary coil L2 responding to the direction inversion of the current
flow ng through the primary coil L1. Mre specifically, regarding the power
el enents e3 BAdFEA- (§i §n whichr Ehe same heeferenpe mumerals hareaapplied to
thus, the following relationship exists in these power elenents; the width
of t hePR%FS cFerresBendipdpsReFig ehenhuparak %Qr$gﬁﬁ$ ahahargerwhavhngf at he
current T1 of _the power elenent elerr], while the voltage value of the
pover 3PERERt2e[RPr plestromganetigninduction ssectitne3of 2t deipbngr el enent
e[err] ..-Accojédjhgglé, ig the cage where the electric power elenment e4 part

i s rectHFFRettahd®rakBnehiving gﬁm?nwg%eﬁ%&'%ﬁ%nqw?laﬁes ca®iBilast EPned.
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electromagnetic induction section 3 (Fig. 1), and when charging,
the secondary coil L2 winded around a core arranged in the
electronic equipment is placed at a position facing the core
winded by the primary coil Ll1.

The charger 10 drive-controls the conduction and interception
to the primary coil L1 by turning the transistor Trl of the
driving circuit 4 into the ON/OFF condition by the oscillation
'signal to be formed in the;driving frequency generating unit 5 in
ordér to flow the current through the primarj coil L1 in the |
forward direction and the backward direction alternately. Thus,
the time-varying magnetic flux is generated in the primary'coil L1
by the current flowing in the forward direction and the backward
direction, and an induced electromotive force is produced in the
secondary coil L2 by the linkage of the magnetic flux, so that the
resonant current flows by the ILC resonénce circuit formed of the
secondary battery L2 and the capacitor C2 connected to the
secondary coil L2 in parallel. The charger 10 is arranged in order

that the resonant frequency of the secondary coil L2 becomes

higher than the driving frequency of the primary coil L1 as in the

16



rectified. In the charger 1, since the el ectronic equi pnment having the
secondary coil L2 rectifies the induced current of the power elenent e3
part and takes out the power, the conduction angle of rectification can be
made wi der and a stabl e source power can be obtained. According to the
foregoi ng construction, in the case of transmtting the electric power from
the primary coil L1 to the secondary coil L2 by the el ectromagnetic '
i nducti on between the primary coil L1 and the secondary coil L2, since the
r esonant frgguency flerr] to be produced in the secondary coil L2 side is
set tocdseont thghehargen ihdFdgi.vBhg frequency flerr] of the primary coi
L1 and the resonant voltage of the power elenment e[err] part at the tine
when the trafBiaddit¥en,inj fhenehargeroh@i t tha secendaryi edilollake out
the source power fromthe resonant voltage produced in the secondary coi
L2, thEoHRedaPYerPREREREPIOLWENCRELFNYhEGR AT aNWindedapparndt inobbei sgme
coeffigient can be increased and at the sane tinme, the power of the power
sour cePEERCELOBpt ¥PAi® EPokPEhENREEBRaNt 1B oVRAGh ﬁﬁ?iﬁ@c?ﬂéaEYdQOGénBaction
angl e of ectifica%’on. Thus, the_efficiency in power transm ssion can be
nor eatBotAREPRNELERoB] §LBELPeRPLpondIoRa PRRSITIGA b, 113 Chakg®ecthd
EnbOdIngéslén electromagnetic induction sectiocn 3 by connectiﬁg coiis
L2A and L2B in series as the secondary coil L2, and after
rectifying the voltage of thé resonance circuit to be obtained by
the inducted electromotive force generated according to the
linkage of the magnetic flux, which is formed in the primary coil
L1, toward the secondary coil L2, with diodes D2 and D3
respectively, supplies this into the secondary battefy as a poﬁer
source output.
Since the secondary coils L2A and L2B are winded around the
cores in the same direction, as shown in Fig. 7, in the polarity
of resonant frequency of the secondary coil L2 with respect to the
driving frequency of the primary coil L1, their phases shift each
other by 180(° ) observing from a standard point A on which the
seéondary coils L2A and L2B are connected. In the electronic
equipment having the secondary coils L2A and L2B, the resonant
voltage generated based on the resonant frequency is rectified and
taken out by the diodes D2 and D3 as the power, and the taken
power is supplied to the secondary battery to charge.

At this point, in the case where the winding numbers of wires

winded around cores of the secondary coil L2A and L2B aré the same,
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In Fig. 6 in which the same reference nunerals are applied to parts
corresponding to Fig. 1, nuneral 10 shows a charger having a source
el ectromagneti c i nduction section 3, a driving circuit 4 and a dri vi

2, an
ng

frequency generating unit 5 simlar to that of the battery device 1. The
charger 10 has the primary coil L1 which is wi nded around a core having the
fi xed shape as the el ectronmagnetic induction section 3 (Fig. 1), and when

chargi ng, the secondary coil L2 wi nded around a core arranged in the

el ectronic equi pnent is placed at a position facing the core w nded

by the

pri mar ¥heokblithgelloE dhry goswekd) elrementc ep} tal det [Hormead st ithre aebondary

I nterception to the primary coil L1 by turning the transistor Trl of the
dri vi ngofilr c2al wheimtthd Hera@diGHerc @rdi tlisodnbchieh OFFs coniddttiiom disgnal to be
formed in the driving frequency generating unit 5 in order to flow the

cur r ensmalilengthame tiveé nerlitags lofl thien powerf elwmet tdiesedid de fiokmed: in
backward direction alternately. Thus, the tinme-varying magnetic flux is
gener athe isecomdany reoil dAB wWhernycheh drapsistorf Taw dg idm tdhe O war d
direction and the backward direction, and an induced el ectronotive force is
pr oducedndd tilen .sedonthey casel whergy thacPpvaraye SakeneonkgAsEPE flux, so
that the resonant current flows by the LC resonance circuit formed of the
secondxegtifiiag the pesanant Feldags o then Reve] alemendss Seo Akt \P2&0i |

s becomes the varil e va

L2 in parallel. The charger 10.is arran%ed ig order that the sonar].t

frequetds Giffierence,helveenthese ¥

ue

and unstable electric power. Accordingly, by adjusting the winding

numbers of the secondary coil L2A and 1L2B, about equal values
voltage can be obtained in the secondary coil L2 side. More

specifically, the winding number of the secondary coil L2A is

of

arranged to become larger than the winding number of the secondary

coil L2B, and thus, the voltage values of resonant voltages to be

obtained in the secondary coil L2A and L2B become approximately

the same.

According to the foregoing construction, as to the resonant

" frequency to be generated in the secondary.coil L2 side in

accordance with the driving ffequency of the primary coil L1 side,

the resonant frequency of the secondéry coil L2A and the resonant

frequency of the secondary coil L2B have phases shift each other

by 180(" ), and the induced currents produced based on such
~ resonant frequencies are rectified respectively by the diodes

and D3 and sent out. At this point, the ratio of the winding

D2

number of coil between the secondary coil L2A and L2B is adjusted

so that the winding number of coil of the secondary coil L2A is
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hi gher than the driving frequency of the primary coil L1 as in the 16

case of the charger 1 (Fig. 3). In addition, in the charger 10, the
secondary coil L2 is formed by connecting two coils which are wi nded around
in the sane direction, while in the charger 1 in which the secondary coi

L2 is fornmed with a single coil. Mre specifically, the charger 10 forns an
el ectromagnetic i nduction section 3 by connecting coils L2A and L2B in
series as the secondary coil L2, and after rectifying the voltage of the

ST S e AR bt S A L S
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n the1eR-aTE i PR, it ety B denelrbbl F Gececamn
e pr iy 1651 Pop e lnatstaliond S8IR°eua,) 160 err]) observi ng
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L2B, tRedond3 N coil L2A and the induced current of the secondary coil

1L2B of which resonant frequencies have phases shifting each other
by 180(" ) and outputting them, the induced current of the power
element e,, formed in the secondary coil L2A and the induced |
current of the power element e,, formed in the secondary coil L2B
according to the time-varying of magnetic flux of the primary coil
Ll can be taken out as the electric power, and the electric power
can be taken out in either case where the transistor Trl is in the
ON or OFF condition.

Furthérmore, by adjusting the ratio of winding number of the
secondary coils L2A and L2B, voltage values of the power elements
e,, and e,; are to become approxihately the same, and accordingly,
the stable electric power of which the voltage variation is
controlled can be obtained.

According to the foregoing construction, since the resonant
frequency to be formed in the secondary coil L2 éide is arranged
so as to become higher than the driving frequency of the primary
coil L1, and the sgcondary coils L2A and L2B having about equal
values of induction voltages which can be obtained by adjusting

the winding number of the secondary coil L2A becomes larger than
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vol t age generated based on the resonant frequency is rectified and taken
out by the diodes D2 and D3 as the power, and the taken power is supplied
to the secondary battery to charge. At this point, in the case where the
wi ndi ng nunbers of wires w nded around cores of the secondary coil L2A and
L2B are the sane, 17 = the voltage of the power elenent e[err] to be
formed in the secondary coil L2A when the transistor Trl is in the OFF
condition is snmaller than the voltage of the power elenent e[err] to be

condi 11 e FRRkESCBUBORRORS (RS FBWBROREY, BRLN BAD &FPFORBERERSh ADS he
et woonPiAGeE I8 Ehge S LARISABLS RRCORPPAD BUa Pl ARACURGELNDYBRBE, FPcbe
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to the EﬂéeﬁB%QQ e2BRkhts! QN andf b0 tid1®e §3YdYed in the secondary coils
L2A and L2B can be taken out as the source power. Thus, the
efficiency in power'transmission'frOm'the primary coil L1 to the

secondary coil L2 can be improved and the stable power can be
obtained'regardleés of the current direction of the primary coil
Ll.
(3) The Third Embodiment

In Fig. 8, in which the séme reference numerals are applied
to parts corresponding to Fig. 1, numeral 20 shows a charger
comprised of a power source 2, an electromagnetic induction
section 3, a driving circuit 4 and a driving frequency generating
unit 5 which have the same construction as the charger 1. The
charging unit 20 has the primary coil L1 winded around a core of
the fixed shape as the electromagnetic induction section_3 (Fig.
1), and when charging, the core winded by the secondary coil L2
provided in the electronic equipment is placed on the position
facing the core winded by the primary coil L1l.

The chargér 20 drive-controls the conduction and interception

to the primary coil L1 by turning the transistor Trl of the

driving circuit 4 ON or OFF by the oscillation signal generated in
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frequency to be generated in the secondary coil L2 side in accordance with
the driving frequency of the primary coil L1 side, the resonant frequency
-of the secondary coil L2A and the resonant frequency of the secondary coi
L2B have phases shift each other by 180([err]), and the induced currents
produced based on such resonant frequencies are rectified respectively by
the diodes D2 and D3 and sent out. At this point, the ratio of the w nding
number of coil between the secondary coil L2A and L2B is adjusted so that
nunber _of co of the secondar L2A i er than
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el ectric power
linkage of the magnetic flux, and resonant current flows by the LC
circuit of the secondary coil L2 and the capacitor C2 connected in
parallel to the secondary coil L2f In this connection, the charger
20 is so arranged that the resonant frequency of the secondary
coil 1.2 becomes higher than the driving frequency of the primary
coil L1 as in the case of charger 1.

As compared with the construction of the charger 1, the
charger 20 is different from the charger 1 on the loading
condition of the primary cdil L1 and the secondary coil L2 and
sizes of cores winded by the coils. The cross sectional area of
the core winded by the secondary coil L2 is smaller than the cross
sectional area of the core winded by the primary coil L1, and when
charging, the core winded by the primary coil L1 and the core
winded by the secondary coil L2 are pléced, in which their centers
shift each other.

More specifically, in the charger 20, the core of the pPrimary
.c¢oil L1 side has the fixed ring shape and a part of the core is

cut off at the fixed position on the ring and separated by the

fixed distance. Moreover, when charging, the core winded by the
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can be taken out in either case where the transistor Trl is in the ON or
OFF condition. Furthernore, by adjusting the ratio of w nding nunber of the
secondary coils L2A and L2B, voltage values of the power elenents e[err]
and e[err] are to beconme approxi mately the sane, and accordingly, the
stable electric power of which the voltage variation is controlled can be
obt ai ned. According to the foregoing construction, since the resonant
frequency to be forned in the secondary coil L2 side is arranged so as to
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For example, as shown in Fig., in the charger 20, by locaﬁing
the position of the outer region of the core winded by the
secondary coil L2 onto the position of one of the outer regions of
the core winded by the primary coil L1, the core of the secondary
coil 12 side is placed on the position shifted from the center of
the core of the primary coil side. In the charger 20, the resonant
frequency of the secondary coil L2 is set to become higher than
the driving frequency of the primary coil L1l adcording to such
arrangements.,

According to the foregoing construction, the core winded by
the secondary coil L2 is inserted between the cross sections
separafed of the core winded by the primary coil Ll and its center
of the core is placed on the poéition shifted from the center of
the core of the primary coil Ll side. Moreover, in the secondary
coil 2 side, the resonant frequency is set to become higher than
the driving frequency of the primary coil L1 side on the position.

The magnetic flux is generated between the cross sections of
each core of the primary coil L1 side; which are separated by the

fixed distance, by the current flowing through the primary coil L1,
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secondary coil L2 can be inproved and the stable power can be obtained
regardl ess of the current direction of the primary coil L1. (3) The Third
Enbodiment In Fig. 8, in which the sane reference nunerals are applied to
parts corresponding to Fig. 1, nunmeral 20 shows a charger conprised of a
power source 2, an electromagnetic induction section 3, a driving circuit 4
and a driving frequency generating unit 5 which have the sane construction
as the charger 1. The charging unit 20 has the primary coil L1 w nded
around_a,cpre qf .the fixed shape as the el ectronmagnetic induction section 3
(Fig. 359 BRS HRENIDHaFAFRYL b AoTCRPESRR LRS By PRELCRCBRATKETEBE! L2
provid I n_the el ectronic_equipnent.is_placed. on the pgsition facing the
core m?g %ﬁngngESUH%iﬁgﬁypféwF e %eLgh 2gef 9p bpe.Eregueprsysofhthe
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electromotive force which reverses in accordance with the time-
varying magnetic flux is generated in the secondary coil L2, and
the induced current can be obtained with the induced electromotive
force as an electric source.

However, in this case, magnetic energy of the magnetic flux
causés linkage between the other parts stored in the electronic
equipment having the secondary coil L2 and affects these parts and
there are cases where heat is generated or operation errors occur.

In the battery device 20, sincé the core winded by the
secondary coil L2 is placed on the position at least separate from
the center of the corelof the primary coil L1, the effect of
magnetic flux to the other electronic parts in the electronic
equipment equipped.with the secondary coil L2 is and thereby the
generation of heat caused by the magnetic field and operation
‘errors can be prevented.

Furthermore, since the cross seétional area of the core of
the secondary coil L2 side is made smaller than the dross

. sectional area of the core of the primary coil L1 side, if the
cores are placed on positions éhifted each other, scattering of

the magnetic field to be formed between the primary coil L1 and
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the forward direction and the backward direction, and an induced _

el ectronotive force is forned in the secondary coil L2 by the |inkage of
the magnetic flux, and resonant current flows by the LC circuit of the
secondary coil L2 and the capacitor C2 connected in parallel to the
secondary coil L2. In this connection, the charger 20 is so arranged that
the resonant frequency of the secondary coil L2 becones higher than the

driving frequency of the primary coil L1 as in the case of charger 1. As
the charger 20 is

conpar with the construction of the charger 1,
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Moreover, wWhgpsghahokf9s EHSeCOLEntL YR p¥s£ﬁ§nglfrequency is set to

become higher than the driving frequency under such arrangements,
the efficiency in power transmission from the primary coil L1 side
to the secondary coil L2 side can be improved.

According to the foregoing construction, since charging is
conducted under the condition in which the resonant frequency of
the secondary coil L2 side is higher than the driving frequency of
the primary coil Ll side, and as well as making the cross
sectional area of the secondary coil L2 side smaller than the
cross sectional .area of the core of the primary coil L1 side, the
core winded by the secondary coil Ll is placed on the position
shifted from the center of the core winded by the primary coil L1,
the efficiency factor Q can be made highef and apparént coupling
coefficient can be made higher, the effect of the magneﬁic flux
produced in the primary coil L1 with respect to the electronic.
equipment in the electronic equipment can be decreased. Thereby;
as ﬁell as the efficiency in electric power transmission from the
primary coil L1 to the secondary coil L2 can be improved, the
generation of heat or the operation error due to influence of the

magnetic field can be prevented and furthermore, miniaturization
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secondary coil L2 is inserted between the opposite cross sections spaced
and is placed facing each cross section. Furthernore, when charging, the
charger 20 places the secondary coil L2 in order that the center of the
core wi nded by the secondary coil L2 is shifted fromthe center of the core
wi nded by the primary coil L1 in the desired direction. For exanple, as
shown in Fig., in the charger 20, by locating the position of the outer
region of the core winded by the secondary coil L2 onto the position of one
of the .outer regions of the core winded by the primary coil L1, the core of
t he secdhddry elwctric eqeipment zan b noal tion shifted fromthe
center of the core of the primary coil side. In the charger 20, the :
resonarkd) r heeFoprdh Epboddmendary coil L2 is set to become higher than
the driving frequency of the primary coil L1 according tq such ]

ar r angenent s I di hgt? FRED e Game reffkense ipends are apnidad ke
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di stance, by the carrent t hroug rimar
around the core having the fixed shape as an electromagnetic

induction séction 3, and when charging, the core winded by the
secondary coil L2 placed in the electronic equipment is placed at
the position faéing the core winded by the primary coil Ll.

Thé charger 30 turns the transistor Trl of the driving
circuit 4 ON/OFF by an oscillation signal generated in the driving
frequency generating unit 5 to drive-control the conduction and
interception to the primary coil L1 and flows the current to the
primary coil L1 in the forward direction and the backward
direction alternately. Thus, by the current flowing in the.forward
direction and the backward direction, a time-varying magnetic flux
is generated in the priﬁary coil L1 and an induced electromotive
force is produced by the linkage of the magnetic flux-and resonant
current flows and resonance occurs by the LC circuit. The charger
30 is arranged so that the resonant frequency of the secondary
coil L2 becomes higher than the driving frequency of the primary
coil L1 as in the case with the charger 1 (Fig. 3).

The charger 30 is constructed differently from the charger 1
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22 and the driving circuit 4 reverses the direction of current flow ng
through the primary coil L1 based on the frequency of the oscillation
signal to be transmtted fromthe driving frequency generating unit 5 in
order to change the magnetic flux to be produced in the primary coil L1
over time. Thus, the induced el ectronotive force which reverses in
accordance with the tinme- varying nmagnetic flux is generated in the
secondary coil L2, and the induced current can be obtained with the induced
el ectronotive force as an electric source. However, in this case, magnetic
ener gywbtht tbenaddet deiviwescagompriisakgges wWeriebhet fregueocypgeneratingd
in the electronic eguipnent having the secondary coil L2 and affects these
parts undtt Bér cappb @a@@évﬁﬁ&ﬁéghgbﬁ fxeguancyt of oscihpdrpiiioopnségnedsto
occur. In the battery device 20, since the core winded by the secondary
coi | Lbej geppratedodn: pdagssicfi Sheadriving Sepauencyr geperasisgnusitod t he
core of the primary coil L1, the effect of magnetic_flux to the other
eIectréﬁ%ﬁ-pEPbsaiﬁ°ﬂﬁéqﬁ detestioncynitmdir 8qaFphidakion EmeayensNdary
coil L2 is and thereby the generation of heat caused by the magnetic field
and op€PREFSH EPFGr§3caﬁn9egﬁréF?HFeU?lﬁﬁg?hQPﬁEFE} Wphte3tne @?%s%harger

sectiogglcgaggogg E 2 %ggga%&e frequency geneiating unit 31 by the
oscillation frequency control unit 33 depending on the detection
result of the voltage by the voltage detection unit 32 and
simultaneously controls an input voltage to be supplied from the
power source 2 by the input voltage control unit 34. Thus, the
frequency and input voltage of the oscillation signal varies.

The variable frequency generating unit 31 supplies the
generated oscillation signal to the driving circuit 4. The driving
c¢ircuit drive-controls the current to be conducted to the primary
coil L1 in accordance witﬁ the voltage level of the oscillation
signal to flow the current in the forward direction and the
backward direction alternately. Accordingly, the mégnetic flux
generated in.the primary coil Ll varies with time. The secondary
coil L2 generates an induced electromotive force in accordance
with the linkage of the magnetic flux to be generated in the
.primary coil L1 and obtains an induced current which reverse
according to the time-change of the magnetic flux with the induced
eiectromotive force as the power source. |

At this point, if the secondary battefy is connected to the

connection terminal of the electronic equipment having the

26



the secondary coil L2 side is nade snmaller than the cross sectional area of
the core of the primary coil L1 side, if the cores are placed on positions
shifted each other, scattering of the magnetic field to be forned between -
‘the primary coil L1 and 23 t he secondary coil L2 can be decreased.
Furthernore, since the cross sectional area of the core is made snaller, a
storage capacity of the secondary coil core in the electronic equi pnent
“having the secondary coil L2 can be nmade smaller, thus, the electronic
equi prent can be mininm zed. Also in this case, since the resonant frequency
i s set segopdagte cpighd2 @sar tleaddr ian oy tbusqvedtpgen¥erfsible secendgaxynt s,
the efficiency in power transm ssion fromthe primary coil L1 side to the
secondgpP§lcdi| sidesidrensasiuse tomphey d@adaccivah ngutput heol taggotinge
construction, since charging is_conducted under the condition in which the
r esonafffpeégushey PeimaRy soddnddr pidsi capsingddrep Rngltbe vpdtagee ter bei ng
frequency of the prinmary coil L1 side_, and as well as making the cross
sect i ofgNeXRESLA Y fhe BEIMBIN, cOail| Ily sThe <harger 30 feteets suagh
sectionah area of the core, of tﬁ%h rinary coil L1_side, the core wi nded by
the se¥Bh&ary EGPPSLf%q§ﬁﬁ g@é& _RPﬁgep§ i EREnVORtrgRIdRLERLiRE MBAteR20f
the Coégn%%g %g Q% Eﬁ% %&&%%&&'%%&& E}’in parallel. Moreover, since the

case where the power source voltage rises by the power source 2

can be considered, the charger 30 also detects the voltage rise by

the voltage detection unit 32.

The reference voltage is set in advance in the voltage
detection unit 32 and at the time when the drop or rise of the
voltage is detected, a detection signal S1 is sent to the
oscillation frequency control unit 33 and the input voltage
control unit 34.

The oscillation frequency control unit 33 supplies a control
signal S2 to the variable frequency generating unit 31 in
accordance with the detection signal 81, and when the voltage drop
is detected, rises the frequency of oscillation signal formed by
the variable frequency generating unit 31, and when the voltage
rise is detected, drops the frequency of the oscillation signal
formed by the variable frequency generating unit 31. Furthermore,
the input voltage control unit 34 controls the input voltage
supplied from the power source 2, in accordance with the detection

signal S1, and when the voltage drop is detected, the input

voltage control unit 34, after rising the input voltage, sends it
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the efficiency factor Q can be nmade hi gher and apparent coupling
coefficient can be nmade higher, the effect of the magnetic flux produced in
the primary coil L1 with respect to the el ectronic equipnment in the

el ectroni c equi pnent can be decreased. Thereby, as well as the efficiency
in electric power transmssion fromthe primary coil L1 to the secondary
coil L2 can be inproved, the generation of heat or the operation error due
to influence of the magnetic field can be prevented and furthernore,

m ni aturi zation 24 of the electric equipnent can be realized. (4) The
 Fourt h dintbotcth nelme primagy ocih hhi cand Héhernkhe creltage niserds sdekected,
applied to parts corresponding to Fig. 1, nunmeral 30 shows a charger ]
conpri safter dropping theahnputcvebhagfetsendsidieievh SectrePBimpHy scoil
driving circuit 4 as the simlar construction to the charger 1. The charger
30 is dehprised of the primary coil L1 which winds around the core having

the fixed shape as an el ectromagnetjc i nduction section 3, and, when _.
chargi ng, thefkerealnaded E?et@d‘é%t’o?féla‘f‘glm? 11"_‘2%& HAMPTHEeR LR R oni ¢

equi pnrent is_placed at_the position facing the core winded by the prjipary
coi | L seaerdaryr geilsb2( gifle 1RcoeF aFeiReeTma T ShomaKERER VRIS cRE NG 4

OV OFF by an osci]ation signal generateg inthe driving .eq current

produces resonance. The charger 30 adjusts the driving frequency
f,sc Within the fixed frequency range under the resonance frequency
foe of the secondary coil L2 side by the variable frequency
generating unit 31. Thus, in the charger 30, the driving frequency
varies within the variable range by the variable frequency
generating unit 31, and by changing the resonance frequency in the
primary coil L1 side, the induction voltage to be generated in the
secondary coil 12 side is risen or dropped. |

As shown in Fig. 10, for example, by rising the frequency of
oscillation signal, i.e., the driving frequency from £, by Af,, the
induction voltage V, to be generated in the secondary coil L2 can
be risen by AV,.

Accordingly, as shown in Fig. 11, when the induction voltage
drops és shown by a solid line in Fig. because the load is
connected, the charger 30 detects the drop of the induction
voltage indirectly by the volﬁage detection unit 32, and as a
result of this detection, controlling the variable frequency
generating unit 31 by the oscillation frequency control unit 33,

rises the frequency of the oscillation signal, and simultaneously
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frequency generating unit 5 to drive-control the conduction and
I nterception to the primary coil L1 and flows the current to the primary

coi l
Thus,

L1 in the forward direction and the backward direction alternately.
by the current flowing in the forward direction and the backward

direction, a tinme-varying nmagnetic flux is generated in the primary coi

and a

n i nduced el ectronotive force is produced by the |inkage of the

magnetic flux and resonant current flows and resonance occurs by the LC

circu
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it. The charger 30 is arranged so that the resonant frequency of the
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L1 as in_the case with the charger 1 (Fig, 3%# The charger 30 is
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by the oscillation frequency control unit 33 and the input voltage
control unit 34, the fixed voitage is maintained.

The charger 30 performs maintenance of the induction voltage

to be generated in the secondary coil L2 side according to the

L1

agante hee gsepphied r Eeem ke oPOVeE prinary

| s

procedure shown in Fig. 12. More specifically, firstly the charger

30 starts the procedure at step SPl. lAfter starting the procedure,
at step SPZ, the charger 30 detects the voltage changes occurred
in the primary coil L1 by thg.voltage detection unit 32. The
charger 30 judges the detection result by using the detection
signal S1. If the voltage drop is recognized at step SP3, it
proceeds to step SP5. In addition, if the voitage drop is not
recognized as the detection result by the detection signal Sl,-it
proceeds to step SP4. The charger 30 judges the detection result
by using the detection signal S1 and if the voltage rise is
recognized.at step SP4, proceeds to step SP6. Moreover, if the
voltage rise is not recognized'as the detection'result by the
detection signal 81, returns to step SP2,

When the voltage drop is recognized at step SP3, the charger

30 raises the frequency f£; of the oscillation'signAI by Af,, at
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power source 2 by the input voltage control unit 34. Thus, the frequency
and i nput voltage of the oscillation signal varies. The vari able frequency
generating unit 31 supplies the generated oscillation signal to the driving
circuit 4. The driving circuit drive-controls the current to be conducted
to the primary coil L1 in accordance with the voltage |evel of the
oscillation signal to flowthe current in the forward direction and the
backward direction alternately. Accordingly, the nagnetic flux generated in

{he PUIJBLY 6681 bacxaniss volbnl dhy Ty SEORRIRCY, Pl LF generales an
whi oh S EEEE Gt ] By PR E A pion T o e by bR he
seconddry AT ERY IS ARREE, B b5 R B 20 bietntingh S e inomiimad i
ot ho G S SIEFTS BY aearon T Bt e Rttt LU Mervage
gener atca e e TS S0k TeoodRte R T A L BT 30 ops
caused dped rﬁ?é,oapow@ystQﬁeVﬂé@%&?tﬁcufo%hgnioEc%%lation signal by AFf,
according to the control of the variable frequency generating unit
31 by the oscillation frequency control unit 33, and also lowers
the input voltage V, by AV, according to the control of the input
ﬁoltage by the input voltage control unit 34.

With the above arrangement, after conducting the frequency
control and input voltage control, the charger 30 returns to step
SP2 and repeats the procedure till the voltage.drop or rise are
not detected by the voltage detection, and by controlling the
driving frequency and input voltage, compensates for the amount of
voltage drop or rise of the induction voltage in the secondary
coil L2 side.

According to the foregoing construction, the charger 30
detects the voltage changes occurred in the primary coil L1 by the
voltage detection unit 32. When the voltage drop, i.e., the drop
of induction voltage to be generated in the secondary coil L2 side,
is detected by the detection, the charger 30 informs the detection

-result to the oscillation frequency control unit 33 and the input

voltage_control unit 34 by using the detection signal S1. The

-oscillation ffequency control unit 33 controls the variable
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connected to the primary coil L1 in parallel. Mreover, since the case
where the power source voltage rises by the power source 2 can be
consi dered, the charger 30 also detects the voltage rise by the voltage
detection unit 32. The reference voltage is set in advance in the voltage
detection unit 32 and at the tinme when the drop or rise of the voltage is
detected, a detection signal S1 is sent to the oscillation frequency
control unit 33 and the input voltage control unit 34. The oscillation
unit .33 su a_control nal oth i abl e

| soschbpaiierconlfetniesiifn S rciee Lol Bt
siprs te iy B e il B 5 e b
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drop ig.deLaetsdi+t RS Eﬂgu%rgagggggoggniipl unit 34, after rising the input
voltage, sends it 2 out to the primary coil L1, and when the voltage
rise is detegt&8rdingly, the charger 30 can increase the induction '
" woltage of the secondary coil L2 side indirectly by controlling
- the frequency and the input voltage of the oscillation signal. And
if the induction voltage drops by connecting the load in the
secondary coil L2 side, the'chargér 30 can increase the induction
voltage by controlling the driving frequency and the inpﬁt voltage,
and maintain the induction voltage at the constant level to make
it stable. When the voltage rises, ﬁhe charger 30 can decrease the
induction voltage in thé same manner and thus, can maintain the
induction voltage at the constant level to make it stable.
Furthermore, the charger 30 is arranged to increase or
decrease the voltage by the control of the input voltage by the
input voltage control unit 34 as well as the control of the
driving frequency by the oscillation frequency control unit 33,
Thus, the induction voltage can be corrected accurately by using
the frequency control at the same time.
According to the foregoing construction, as well as
increasing the resonant frequency of the secondary coil L2 side as

compared with the driving frequency of the primary coil L1 side,

and providing the variable frequency generating unit 31, the
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after dropping the input voltage, sends it out to the primary coil L1. The
val ue of the induction voltage to be generated in the secondary coil L2
side is set to becone the maxi numvalue at the time when the resonant
frequency f[err], i.e., the induced current produces resonance. The charger
30 adjusts the driving frequency f[err] within the fixed frequency range
under the resonance frequency f[err] of the secondary coil L2 side by the
vari abl e frequency generating unit 31. Thus, in the charger 30, the driving
frequenci varies within the variable ran t he vari abl e frequency

gener aYPhE2gRi defectinn H?iGhéﬁgiﬁﬁc%ﬁéagégﬁnﬁﬁESuPPGﬁuﬁﬂeerﬁ Pﬁétp?§nary
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of themQéféL'EL'QﬂesggB@hda@QdcéhﬂuhéaEfaa§'ybﬁﬁ%, the efficiency in the
electric power transmission from the primary coil L1 to the
secondary coil L2 can be improved and the induction voltage can be
kept constant and stabilized. |
(5) The Fifth Embodiment

In Fig. 13 in which the same reference numerals are applied

to parts corresponding to Fig. 9, numeral 40 generally shows a
charger and basically has a configuration similar to that of the
charger 30 (Fig. 8). More specifically, the charger 40 flows the
current to be supplied from the power source 2, to the primary |
coil L1 based on the frequency of the oscillation signal to be
generated by the variable frequency generating unit 31, and
generates the induced electromotive force in the secondary coil L2
side by the electromagnetic induction according to the changes of
ﬁagnetic flux which is formed in the primary coil L1, and
transmits the electric power. Moreover, the charger 40 detects the
voltage changes by the voltage detection unit 32 ahd corrects the
voltage changed depending on the detection result. Note that, the

resonant frequency in the secondary coil L2 is set to become
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rises the power source voltage to be supplied fromthe power source 2 by
the input voltage control unit 34 and supplying it to the primary coil L1.
Thereby, ‘the induction voltage can be increased by the voltage val ue
dropped and the fixed voltage can be maintai ned as shown by a broken |ine
in Fig. In this connection, when the voltage rises, controlling the
frequency and the voltage by the oscillation frequency control unit 33 and
the input voltage control unit 34, the fixed voltage is nmintai ned. The
charger, 30 perfornms nmai nt enance_of the induction voltage to be generated in
the sedbiihey Ehan thesdpivingcbregweney ehcths ReARY steivh bh (Fig. 13)
More specifically, firstly the_charger 30 starts the procedure at step SP1.
After stustidg hR ¢haredtird, (B19st®h- SP2, the charger 30 detects the

vol t age changﬁﬁ%occurred in the_primary coil L1 by the voltage detection

unit 32. The rRS ST R sOF hEPRTHRAITh 42 HiTTRP My Rt RE e on
o190l Shirdle A V81 RHE 100 Ped SEPBIAE IR el B0 0000, 1 ©
Celeet WU STy LSS RIS SRy B SEEE AR GRS TP
e SR 58, b SFOROIFELT o TR T o bRSRESA BEEE ¥ oitp
the driving circuit 4 which flows the current to the primary coil Ll
in the forward and backward directions in accordance with_the
frequency of the oscillation signal, a damper diode D4 is
connected to the primary coil L1 by another coil, and a pulse
width control unit 42 is provided between the variable frequency
generating unit 31.and the driving circuit 41 as well as
eliminating the voltage control unit 34 (Fig. 9).

In the charger 40, the driving ¢ircuit 41 is comprised of
only the transistor Trl and no capacitor is provided. In the
charger 30, the magnetic flux varies with time by oscillating the
current flowing through the primary coil L1 by the LC circuit
comprised of the primary coil L1 and the capacitor Cl provided in
the driving circuit 4 and turning the transistor Trl ON and OFF.

The driving circuit 41 inputs an oscillation signal to be
supplied from the variable frequency generating unit 31 via the
pulse width control unit 42 to the base electrode of the
transistor Trl. When the voltage level of the oscillation signal

entered to the base electrode is positive, the transistor Trl

conducts the curfent between the emitter electrode and the
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detection signal Sl1, returns to step SP2. Wen the voltage drop is
recogni zed at step SP3, the charger 30 raises the frequency f[err] of the
oscillation signal by [err]f[err], at 29 step SP5, according to the '
control of the variable frequency generating unit 31 by the oscillation
frequency control unit 33, and raises the input voltage V[err] by
[err]V[err] according to the control of the input voltage by the input
vol tage control unit 34. Moreover, if the voltage rise is recognized at
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. collector electrode. Thus, the driving circuit 41 gives the pulse
voltage based on the driving frequency of the oscillation signal

" to the primary coil L1 and periodically delivers the current to be
sent out from the power source 2 to the primary coil Ll1l. The
magnetic flux to be generated in the primary coil L1 varies over
time when the current is flowing and not flowing, and the induced’
electromotive force generated in the secondary coil L2 reverses
due to the linkage of the magnetic flux. Accordingly, the iﬂduced
current using the induced electromotive force as the power source
is resocnated by the LC circuit comprised of the secondary coil L2
and the capacitor C2 connécted in parallel to the secondary coil
L2.

The charger 40 supplies the pulse voltage to the primary coil
L1 on the basis of the driving frequency of the oscillation signal
and thus flowing tﬁe periodic current, generates an induced
current in the secondary coil L2 side.
Furthermore, the charger 40 detects the voltage change of the

primary coil L1 by the voltage detection unit 32. Whén the load is

connected to the connection terminal of the secondary coil L2, the
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detects the wvoltage changes occurred in the primary coil L1 by the voltage
detection unit 32. Wien the voltage drop, i.e., the drop of induction
voltage to be generated in the secondary coil L2 side, is detected by the
detection, the charger 30 infornms the detection result to the oscillation
frequency control unit 33 and the input voltage control unit 34 by using
the detection signal S1. The oscillation frequency control unit 33 controls
the variable 30 frequency generating unit 31 in accordance with the
information and raises the frequency of the oscillation signal. Mreover,

t he i npdndustigr vohtage variessdugsterthenkead |and thel vektagedeopse
power source voltage to be supplied fromthe power source 2, transmts it

to the prughrindustion voltagedren affectsihe Poinamn 6okt dok candecauses
o R ik T S B
ot gl o G R STOGE 18 (LA D PETELY CR k
' | he  oleEarEdy Horodts B¢ | v Lady cendiits, T tin et A o fFags of ¢

char ger (%(é%kékﬁgg?sgbifeLénduction vol tage in the sane manner and thus,
can mai ntain the T

The predetermined reference voltage value is set in advance
in the voltage detectidn unit 32, and when the voltage change is
detected by comparing with the reference voltage value, the
detection result is notified by transmitting the detection signal
81 to the frequéncy control unit 33 and the pulse width control
unit 42.

At the time when the voltage change is notified by the
detection signal S1, the frequency control unit 33 transmits a
control signal S2 to the variable frequency generating unit 31.
Then, the variéble frequency generating unit 31 changes the
frequency of oscillation signal by the predetermined frequency in
accordance with the control signal S2 and transmits this. More
specifically, when the Qoltage drop is detected, the frequency
control unit 33 outputs the control signal S2 and increases the
frequency of oscillation signal which is transmitted by the
variable frequency generating unit 31, i.e., the driving frequency
by Af,. On the other hand, when the voltage rises, the frequency
of the oscillation signal drops by Af,. Accordingly, the induction

voltage in the secondary coil L2 side drops by AV, (Fig. 9).
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I nduction voltage at the constant |level to make it stable. Furthernore, the
charger 30 is arranged to increase or decrease the voltage by the control
of the input voltage by the input voltage control unit 34 as well as the
control of the driving frequency by the oscillation frequency control unit
33. Thus, the induction voltage can be corrected accurately by using the
frequency control at the sane tine. According to the foregoing
construction, as well as increasing the resonant frequency of the secondary
coil L2 side as conpared with the driving frequency of the primary coil L1
side, and pr GRTENRFMARE & i 59 sskitc Fapdiralatinid ddt When the 31
vol t age det ectiég}r%uni t, 32, égs‘:gni(lciﬂoq‘%r uency control, unit 33 and the
i nput  VattRge N i PRENe hgy| i gnaly &lecichpndes de
vol t age det ect.i on, t’?e driving frequency and  the input valtage are
cont r oBHhEe FS LS HEG T A PRl GRS Re [CRARSTdfteth £ om, the
control |l ed d hﬂﬁ§%?duction vol t.age caqhq% corrected iq%%rﬁftgy at the
Lime WHEFTARLS RRRAISICY JRIRRRTHIY s, e Anaanring, i tha P9sR. Thus,
the effi.cjency in the electric power transm ssi.on fr the .prinary coil L1
to the ShARIAToT Prere R T bRl THE 5 VR K e
kept cqist aghe29¢:3h3Ry),! 38% pulse width control unit 42 narrows the

pulSe interval by the fixed interval by modulating the pulse width

during the period in which the voltage level of the oscillation

signal is negative value. Accordingly, the charger 40, by

nérrowing the pulse width of the period in which the voltage level

of the oscillation signal is negative value, shortens the cut-off

period of the current by the driving circuit 41.

The pulse width control unit 42, by narrowing the pulse width
of the period in which the voltage level of the oscillation signal
is negative value, can shorten the period in which the transistor
Trl is in the off condition. Since the period in which the
transistor Trl is in the off condition becémes shorter and the
induction period becomes longer, the input impedance is
equivalently decreased and thus, the pulse voltage to be given to
the primary coil L1 can be increased.

When the charger 40 indirectly detects the voltage change
according to the load of the secondary coil L2 side, it controls
the input wvoltage of the primary coil L1 by performing the
variable control of the driving frequency by the frequency control

unit 33 and the pulse width modulation control during the period
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(5) The Fifth Enmbodinment In Fig. 13 in which the sane reference nunerals
are applied to parts corresponding to Fig. 9, nuneral 40 generally shows a
charger and basically has a configuration simlar to that of the charger 30
(Fig. 8. Mre specifically, the charger 40 flows the current to be
supplied fromthe power source 2, to the primary coil L1 based on the
frequency of the oscillation signal to be generated by the variable
frequency generating unit 31, and generates t he induced el ectronotive force
in the secqQndary coil L2 side by th ectromagneti c i nducti.on accordlng to
t he cha"ﬁb 6t i PR GRL IS < %%m%%%@ pHighaY kpineqativad
trans he electrigc eover ar ger detects t he vol tage
change L’t%é"b]tﬁ? a“b’e"l t‘é%‘ﬁ%g T fzzt’ar?d‘c@ qua%‘]@%anged
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go?lﬂ K%angcoclﬂé&nifeé%?#%ﬁewreq ncy g%‘% hg{ Io‘%g: Iﬁae%%cér?gg gna’t

prov'd%%déhéﬂﬁﬁéhég Eﬂ&h the driving frequency just as in the case of
the charger 1, and simultaneously indirectly detects the voltage
changes caused by the load of the secondary coil L2 side, by
detecting the'voltage change of the primary coil Ll.

When the charger 40 detects the voltage drop, it increases
the frequency of the oscillation signal (driving frequency) to be
generated by the variable frequency generating unit 31 and
simul taneously, narrows the pulse width during the period in which
the voltage level of oscillation signal is negative. Moreover,
when the charger 40 detects the voltage rise, it widens the pulse
Width.during the period in which the voltage level of oscillation
signal is negative as well as lowering the frequency of

.oscillafion signal to be generated by the variable frequency
generating unit 31, that is, the driving frequency.

At the time when the voltage drop is detected, the induction
voltage to be generated in the secondary coil L2 is changed to
high voltage by increasing the driving frequency according to the
frequency control. Since the variable range of driving frequency
is set at the preceding paft of the resonant frequency in which

the induction voltage becomes maximum, the induction voltage can
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driving circuit 4 which flows the current to the primary coil L1 in the
forward and backward directions in accordance wth the frequency of the
oscillation signal, a danper diode D4 is connected to the primary coil L1
by another coil, and a pulse width control unit 42 is provided between the
vari abl e frequency generating unit 31 and the driving circuit 41 as well as
elimnating the voltage control unit 34 (Fig. 9). In the charger 40, the
driving circuit 41 is conprised of only the transistor Trl and no capacitor

Is provided. In th har.ger_ 30, the,magnetic flux varies with time by
oscl | | aPPRiPERBRsaR: BR: LPCHRPRI e EBSGRELNENE, FREAVSPSYL 11 by the LC
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pover Sehhe? Byf beWivhleaddy WaerlbisiREY thel inkdrnal resistance of the
transistor Trl, the input voltage to the primary coil L1 can be
increased. Thus, the induction voltage to be generated in the
secondary coil L2 side can be increased indirectly.

'In the case where the voltage drop occurs in the driving
voltage, the charger 40 raises the input voltage of the primary
coil Ll by performing the frequency control and the pulse width
modulation control, and thus indirectly raising and correcting the
induction voltage decreased_in the secondary ceoil L2 side due to
the load connection, the voltage can be maintained at a constant
level.

According to the foregoing construction, when the wvoltage
change occurs in the secondary coil L2 side, by detecting the
voltage changes of the input voltage to be generated in the
primary coil L1 by the voltage detection unit 32, the voltage
change of the secondary coil L2 can be detected indirectly, and
alsc by raising or lowering the input voltage ;nd driving
frequency of the primary coil L1 by controlling the ffequency and
pulse width of the oséillatién signal by the frequency control

unit 33 and the pulse width control unit 42, the induction voltage
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Furthernore, in the case where the voltage | evel of the oscillation signa
to be entered to the base el ectrode of the transistor Trl becones the
negative value, the transistor Trl intercepts the conduction between the
emtter electrode and the collector electrode. Thus, the driving circuit 41
gi ves the pul se voltage based on the driving frequency of the oscillation
signal to the primary coil L1 and periodically delivers the current to be
sent out fromthe power source 2 to the primary coil L1. The magnetic fl ux
to be en.the current is

o ndPAA oo foPE i venceidl o ilen o s fofdia
ey, o ek S S i R
coinL§§§ﬁ§g¥ éggﬁpggiﬁg %§Q%O§%%%§% R %ér ??e?£$ niﬂﬁys%%bﬂgﬁéys%%?l d
basi 5 oFS taerErs ) P Bhafidel MoPbads, Ehd A6 {4ad Sl nd i Sftaned 8F 3

‘the periQdic. gur{gpLy denerates an induced current in the secondary coi
L2 sidefgg% ﬁern%?e,'the charger 40 detects the voltage change of the

primary(@Pi lpHel Skt Eniddiagedet ection unit 32. \Wen the load is

connected to the connection term nal of the secondary coil L2, the 34
' In Fig. 14 in which the same reference numerals are applied

to parts corresponding to Fig. 1, numeral 50 shows a charger
having the almost same construction as the charger 1. More
specifically, the charger 50 is comprised of a power source 2, an
electromagnetic induction section 3, a driving circuit 4 and a
driving frequency generating unit 5. The electromagnetic induction
section 3 is formed by the primary coil L1 and the secondary coil
L2 which are winded around the cores having the fixed shapes, and
when performing a charging, the core winded by the secondary coil
L2 arranged in thg electronic.equipment is placed on the position
facing the core winded by the primary coil Ll1l. The charger 50
drive-controls the conduction and interruption to the primary coil
‘L1 by turning ON and OFF the transistor Trl of the driving circuit
4 by using the oscillation signal to be formed in the driving
frequency generating unit 5, and'thus, it flows the current to the
primary coil L1 alternately in the forward and backward directions.
Because of the current flowing in the forward direction and the
reversed direction, the time-varying magnetic flux is generated;

and an induced electromotive forcé is generated in the secondary
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I nduction voltage varies due to the |oad and the voltage drops. Such

I nduction voltage drop affects the primary coil L1 and causes the driving
vol tage drop. The charger 40, by detecting the voltage change of the
primary coil L1 by the voltage detection unit 32, indirectly detects the
vol tage change in the induction voltage of the secondary coil L2. The
predeterm ned reference voltage value is set in advance in the voltage
detection unit 32, and when the voltage change is detected by conparing
with the reference voltage value, the detection result is notified b

t r ansm9ind3 riugickecti g‘h%l the magnefelq (fHgtrerrnd ddir rarcxent vihd

the pulse width control unit At the tinme when the voltage change is
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transmts a control signal S2 to the variable frequen§£ generatln% unit 31
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drop i g detected, the fre uency control uni 33 out uts the co trol signal
S2 and %?q'éeasgy'q '?r%%f“k ey o‘? Wt 150G ighai® i tted
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In addition to the construction of the charger 1, the charger
50 is equipped with a periodic oscillation circuit 51, an
oscillation circuit 52, a current detection unit 53 and a periocdic
oscillation control circuit 54.

The pericdic oscillation circuit 51 periodically transmits
the driving signél 811 to the driﬁing frequency'generating unit 5
at fixed intervals based on the qscillation signal S10 having the
fixgd frequency to be given from the oscillation circuit 52. The
driving frequency generating unit 5 sends out the oscillation |
signal to the driving circuit 4 only at the time of receiving the
driving signal S11. Thus, the charger 50 ocutputs the oscillation
signal from the driving frequency generating unit 5 periodically
and feeds the current for the fixed period of time to the primary
coil Ll. For example, in the case where the time at which the
voltage level of oscillation signal S10 is positive is taken to be
t, and the time at which the voltage lével is negative is. taken to
be t,, the periodic oscillation circuit 51 transmits.the driving
signal S51 every time f@ and keeps the transistor Trl ON condition

by time t,. Note that, the condition to transmit the oscillation
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of the oscillation signal drops by [err]f[err]. Accordingly, the induction
voltage in the secondary coil L2 side drops by [err]V[err] (Fig. 9). 35
Furthernore, the pulse width control unit 42, when the voltage change is

i nformed by the detection signal S1, changes the pulse width of the
oscillation signal to be transmtted fromthe variable frequency generating
unit 31, according to the pulse wi dth nodul ati on processing to supply this
to the driving circuit 41. Specifically, the pulse width control unit 42
narrows the pulse interval by the fixed interval by nodulating the pul se

wi dt h RA9RR tPerpedically |Mety fhreddrerted| £xen the tdeivieg| frequency
signal is negative value. Accordingly, the charger 40, by narrow ng the

pul se VFRPrIFLRGIPLE| Bdif nCaht @R Fﬁ% RRFiedEc | Rerabion Haoda i IFunRthar,
signal is ne %§ive val ue, shortens the cut-off perjod of the current by the
drivi ng=Re rEoRqt ihon The FrpREmyF dbhe fetblatier 9503l ceRtiRReRSIYcCFRMmse
wi dth of, th eriod_in which the voJtage |level of the oscillation signal is
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the off _condition. Since the period in which the transistor Trl is in the
of f corBTF O BRBARE  shorter .and the induction period becomes |onger, the
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flowing from the power source 2 to the primary coil L1 by the
current detection unit 53. The current detection unit 53 detects
the amount of current flowing from the pdwer source 2 to the
primary coil L1l and transmits a detection signal S12 to the
periodic oscillation control unit 54 to inform the detection
result.

In the periodic osgillation control unit 54, the reference
current volume Il corresponding to the periodic operation mode and
the reference current volume I2 corresponding to the complete
operation mode are set as threshold values. The periodic
oscillation control unit 54 compares the detection resuit given by
the.detection signal S12 with the threshold value and transmits a
control signal S13 based on the comparison result to the périodic
oscillation circuit 51. Specifically, as a result of detection, if
the volume of current flowing into the primary coil L1 is the
threshold value I1 or more, the periodic oscillation control unit
54 transmits the control signal S13 which makes the periodic
oscillation circuit 51 the periodic operation mode. Moreover, if

the detection result shows that the current volume flowing through
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the primary coil L1 can be increased. Wen the charger 40 indirectly
detects the voltage change according to the | oad of the secondary coil L2
side, it controls the input voltage of the primary coil L1 by performng
the variable control of the driving frequency by the frequency control unit
33 and the pul se width nodul ati on control during the period 36 i n which
the voltage |l evel of the oscillation signal is negative by the pulse width
control unit 42, and variable-controls and corrects the induction voltage
generated in the secondary_coil L2. According to the_foregoing :

const r uct {if PYHBREY oFRdt Bd éﬁtEh?hEhF%§%ﬂ%§tV?¥%ﬁu%%c9rt%e%%lgﬁh%rated in
t he secomﬁuibgpil Lz,io becone highﬁ; t han_t he drivqu frequency just as
in the cRFIAULIACIFRLLRFIIN SARTEPHUIRLE RN sFRARF 2R GRREEPL $hgnal
vol tage ch s, caused by the | oad. of the secondary coil, L2 side, b
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detects the yﬁléage drog | t igcreases the frequency of the oscillation
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operation mode, and in the case of periodic operation mode, it

t he

supplies the driving signal Sl1l1 to the driving frequency
generatiﬁg unit 5 at fixed intervals based on the oscillation
signal S10, and in the case of complete operation mode, it
supplies the driving signal S11 continuously to the driving
frequency generating unit 5. For example, in the case of periodic
operation mode, it supplies the oscillation signal to the driving
frequency generating unif 5 and sends out the oscillation signal
only when the voltage level of oscillation signal 810 is positive,
and in the case of complete operation mode, it switches the
driving signal S11 to be supplied to the driving frequency
generating unit 5 into the one cramped to the positive voltage
from the oscillation signal S10.

The charger 50 switches between the periodic operation mode
and the complete operation mode in accordance with the volume of
current flowing through the primary coil L1. In the case where the
secondary coil L2 is not placed on the charging position, i.e.,
the position facing the primary coil L1, the load does not exist,

therefore, the amount of current flowing through the primary coil
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wi dth during the period in which the voltage |evel of oscillation signal is
negative as well as lowering the frequency of oscillation signal to be
generated by the variable frequency generating unit 31, that is, the
driving .frequency. At the time when the voltage drop is detected, the

I nduction voltage to be generated in the secondary coil- L2 is changed to
hi gh voltage by increasing the driving frequency according to the frequency
control. Since the variable range of driving frequency is set at the
precedi ng part of the resonant frequency in which the induction voltage
beconebl mazi maintaliaednddictthen coostage ¢enwel? Hebe, i nreasecchdy whereasi ng
the driving frequency. Simlarly, when the voltage drop is detected, by
narr owkhg seeopdesy wodihIduisnplakedpeni tei pchakgihgt pesitlibagethevel of
the oscillation signal is negative, the current conducting period by the
transi prémaryicoalt Bd andvithe secendaryicpilnhdcarengagnethosllyyy

equi valently decreasing the internal resistance of the transistor Trl, the
i nput oennagtedy apd ﬁ?ﬂienﬂu?n@éﬂ:w pf eurrpati fierwingdthraugh the primarivon
voltage to be generated in the secondary coil L2 side can be increased

i ndi r e€PLY. Linvegdegadueanther doprecopregfeddieptbecarsondaryecailvidg The

vol tage, the charggr 40 rajses the_input valtage of the pripary
charger 50 detects whether the secondary coil 12 is placed on the

charging boéition or not based on the changes of the quantity of
current, and if it detects that the secondary coil L2 is placed on
the charging position, it switches the periodic oscillation
circuit 51 which has been driven so far with the periodic
operation mode, into the complete operation mode and supplies the
current continubusly to the primary coil Ll.

According to the foregoing construction, the.charger 50
switches between the periodic operation mode and the complete
operation mode in accordance with the quantity of current flowing
through the primary coil L1. In the case where the secondary coil
L2 is not placed on the charging position, the quantity of current
detected by the current detection unit 53 is the threshold value
Il set in advance or more, and if such a detection result is
obtained, the periodic oscillation circuit 51 is driven by the
control signal S13 to be sent out from the periodic oscill;tion
control circuit 54 with the periodic operation mode. In the
periodic operation mode, the oscillation signal generated by the
driving frequency generating unit 5 is transmitted at the cycle of

oscillation signal S10 to be generated by the oscillation circuit
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coil L1 by performng the frequency control and the pul se wi dth nodul ati on
control, and thus indirectly raising and correcting the induction voltage
decreased in the secondary coil L2 side due to the | oad connection, the

vol tage can be maintained at a constant |evel. According to the foregoing
construction, when the voltage change occurs in the secondary coil L2 side,
by detecting the voltage changes of the input voltage to be generated in
the primary coil L1 by the voltage detection unit 32, the voltage change of
the secondary coil L2 can_be detected indirectly, and also by raising or
| over i $4r tPRTiadicaldyt agevafiardehei fixedcherhed of timeprandrfhus;| the py
controlling the frequency and pul se wdth of the oscillation signal by the
f r equedRyrenht FLPwEnthrayghnfhenerpmrtE GPit nhtoRtrbhefyeleooft Rae

i nduction,  vol tage 38 to_he generated_in the secondary coil L2 side_can
be inc@%%%haswaee%eaélédsiHdpggt?ﬁwak&o?ﬂhﬁgf% E@edépée@marfﬁ@ 98l t age
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state, tﬁe current flowing through the primary coil L1l can be
flowed periodically for only the fixed period of time, and thereby
the consumption of electric power can be decreased.

Furthermore, in the case where the secondary coil 12 is
placed on the charging position when the periodic oscillation
circuit 51 is driving with the periodic operation mode, the
quantity of electric current flowing through the primary coil L1
decreases due to the léad of the secondary coil L2 side. At this
point, the quantity of current to be detected by the currenﬁ
detection circuit 53 becomes lower thén the threshold vﬁlue I2 set
in advance, and if such detection result is obtained, the périodic
oscillation circuit 51 is driven with the complete operation mode
by the control signal S13 to be transmitted from the periodic
oscillation control circuit 54. In the complete operation mode,
the oscillation signal to be generated by the driving frequency
generating unit 5 is continuously transmitted and thus, the
current flows through the primary coil L1 continuously.

The charger 50 detects by the change of the quantity of
current that the secondary coil L2 is arranged on the charging

- position, and according to this detection, it can switch between

44



to parts corresponding to Fig. 1, numeral 50 shows a charger having the
al nost sane construction as the.charger 1. Mre specifically, the charger
50 is conprised of a power source 2, an el ectronagnetic induction section
3, adriving circuit 4 and a driving frequency generating unit 5. The

el ectromagneti c induction section 3 is formed by the primary coil L1 and
the secondary coil L2 which are wi nded around the cores having the fixed
shapes, and when perform ng a charging, the core winded by the secondary
coil L2 arranged in the electronk§h§3yi ment is placed on the positiagn

faci ng the P afifiaParrtien Mqde Flows Hhe quirgat @ the primary
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According to the foregoing construction, since the quantity
of current flowing through the primary coil L1 is detected by the
current detection unit 53 afranged between the power source 2 and
the primary coil L1 and as a result of detection, the periodic
oscillation control circuit 54 switches the driving condition of
the periodic oscillation circuit 51 the between the periodic
operation mode and the complete operation mode, the current which
flows through the primary coil L1 can flow continuousiy in the
complete operation mode while in the periodic operation mode the
current can periodically flows at establi&hed intervals, depending
upon whether the'secondary coil L2 is érranged on the charging
position or not. Thereby, the consumption of power in the case
where the secondary coil L2 is not arranged on the charging
position, i.e., is not in the charging condition, can be decreased.
(7) Other Embodiments
Note that, in the aforementioned first to sixth embodiments,
the resonant frequency f,, of the secondary coil L2 side is
adjusted based on the number of windings of the primary coil L1

and the secondary coil L2 and the capacity of capacitor C2 forming
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arranged so that the resonant frequency of the secondary coil L2 becones
high in conparison with the driving frequency of the primary coil L1 just
as in the case of the charger 1 (Fig. 3). In addition to the construction
of the charger 1, the charger 50 is equipped with a periodic oscillation
circuit 51, an oscillation circuit 52, a current detection unit 53 and a
periodic oscillation control circuit 54. The periodic oscillation circuit
51 periodically transmts the driving signal S11 to the driving frequency

ESC?LS%&% LR”%%&%%LLﬁ%ﬁe%%*ﬁre*%‘%ieﬁgfﬂﬁf?ﬂ‘tégﬁzﬁﬁi 5 4 2#%%?%%15;10T2e
vi it 303" cHFELFes2.
ar i vi nePereey prft SRR Lol 12 8203 o7 YhnhaEcaatlar R 5 Bedhons, 1
driving ¢ FFeck Vi fars

(1 cauehs -oner (R onre Soserent: carrienty Feddlr, HhSTePERSAHY, B 12

fixed genbOGal Hal BRIjua e By ia@b&t‘é%hhl'-lr& E@ﬁ:aﬁé@.mﬂbef:eis gttgﬁn%as wher e

the tine at which thé voltagé | evel of oscillation signa 'S positive

i's takefe! @o2e .t [ REELraDHgiPS thECpAbsURE CINtOSLYOhtEYR LEYE! wifn NERET I Ve

is taken to be t2, the pefiodic oscillation circuit 51 transmts the
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by tine t[err]. Note that, the condition to transmt the oScillation 40
secondary coil is tight enough and the leakage inductance is low
and the case where the capacity of capacitor is kept low, and in
‘addition noise element can be reduced.

Furthermore, in the aforementioned first to fourth and the
sixth embodiments, so-called resonant type driving cifcuit 4 which
flows current to the primary coil L1 in the forward difection and

~ the baékward direction alternately islprovided. However, the
present invention is not limited thereto and the pulse type
driving circuit 4 which flows the current periodically to the
primary coil L1 can be provided.

Furthermore, the aforementioned first to sixth embodiments,
the bipolar type transistor Trl is provided in the driving circuit
4. However, the present invention is not limited thereto and a

' magnetic field effective transistor can be provided instead of a
bipolar transistor.

Furthermore, the aforementioned second embodiment, voltage
values of the induction voltages of the secondary coils L2A and

12B are set at almost equal voltage values by adjusting the ratio

of windings of the secondary coils L2A and L2B. However, the
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signal periodically every fixed period fromthe driving frequency
generating unit 5 is called the periodic operation node. Further, the
condition to transmt the oscillation signal continuously fromthe driving
frequency generating unit. 5 is called the conpl ete operation node.
Furthernore, the charger 50 detects the anmount of current flowng fromthe
power source 2 to the primary coil L1 by the current detection unit 53. The
current detection unit 53 detects the amount of current flowing fromthe

2. i il . ' i | S12
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control signal S13 which nakes the periodic oscillation circuit 51 the
peri odtheOReEBhdRYTREEL WRRACc@NE L2Bf can be rectified.

Moreover, in the fourth and fifth embodiments, the input
voltage of the primary coil L1 is detected, and the driving
frequency and the input voltage or the pulse width of oscillation
signal are controlled at the time of detecting the voltage
variation, and the voltage variation of the inductiop voltage of
the secondary coil L2 side is corrected. However, the present

. invention is not limited thereto and a current detection unit can
be provided in place of the voltage detection unit 32 and the |
driving frequency and input voltage or the pulse width of
oscillation signal éan be controlled according to the result of
current detection. |

Furthermore, in the fifth embodiment, the wvoltage variation
of the induction voltage of the secondary coil L2 is corrected
side by controlling the driving frequency and the pulse width of
oscillation signal. Hdwever, the present invention is not limited
ﬁhereto and either one of these frequency control or pulse width

control can be used.

Moreover, in the fifth embodiment, the driving frequency and
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the detection result shows that the current volunme flow ng through 41

the primary coil L1 is the threshold value 12 or less, the periodic
oscillation control unit 54 transmts the control signal S13 which nakes
the periodic oscillation control unit 54 the conplete operation node. The
periodic oscillation circuit 51 is actuated by the control signal S13 with
a periodic operation node or conplete operation node, and in the case of
periodi c operation node, it supplies the driving signal Sl11 to the driving
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si gnal arger Gt ween -t e per) odi & operatt on nD
" coil can be detected and the driving frequency and the pulse width

of oscillation signal can be controlled in accordance with the
detection result.

Furthermore, in the aforementioned sixth embodiment, the
driving signal S11 is supplied from ﬁhe periodic oscillation
circuit 51 to the driving frequency generating unit 5 at the fixed
intervals based on the oscillation signal S10 generated by the
oscillation circuit 52, and during this period the oscillation
signal is sent out to flow the current to the primary coil L1.
However, the present invention is not limited thereto and
switching means is provided between the driving frequency
generating unit 5 and the driving circuit 4 and by transmitting a
switching signal from the periodic oscillation circuit 51 every
fixed cycle based on the oscillation signal S10 to be generated by
the oscillation circuit 52, the ON-OFF condition of the switching
means can be switched. &bre specifically, in the case of periodic
operation mode, the switching means is kept ON condition only
during the period of time when the voltage level of oscillation
signal S10 is positive value, and supplies the oscillation signal

to the driving circuit 4. Moreover, in the case of complete
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and the conpl ete operation node in accordance with the volunme of current
flowing through the primary coil L1. In the case where the secondary coi

L2 is not placed on the charging position, i.e., the position facing the
primary coil L1, the |oad does not exist, therefore, the anount of current
flowi ng through the primary coil 42 L1 is nmaintained at the constant

| evel . Here, in the case where the secondary coil L2 is placed on the
charging position, the primary coil L1 and the secondary coil L2 are
magneti cal | y , connect ed, .and tQpﬁauantlt of. ¢ f%hé flomnn hrou?REthe

pr.i mar PEEREiLR WﬁpﬁbstﬂﬁbsWB &9 BR §té5 Ns 80BHY P coi FRES, e
h 50. det ect d | L2 | th h
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t he secon
operation mode and the complete operation mode are switched.

However, the present invention is not limited thereto and as shown
in Fig. 15, a battery power soufce 60 can be provided in addition
to the AC power source 2 to connect to the primary coil L1 and
moreover, switching units_Sl and S2 can be provided between the
power soufce 2-aﬁd the battery power source and the primary coil
Ll respectively. And moreover, a detection unit 61 for detecting
the ambunt of current flowing through the primary coil L1l and a
control unit 62 for controlling the switching units S1 and S2 can
be provided.

In this case, the detection unit 61 detects based on a
current detection whether or not the secondary coil L2 is placed
on the charging position, the control unit 62 controls ON-OFF
conditions of the switching units S1 and 82 in accordance with the
detection result; if a small quantity of current is enough to flow
through the primary coil Ll such as in the case where the primary
coil L2 is not at the charging position, the switch S2 is set to
the ON condition and the switch S1 is set to OFF condition in

order to supply the consuming current from the battery power
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L2 is not placed on the charging position, the quantity of current detected
by the current detection unit 53 is the threshold value |1 set in advance
or nore, and if such a detection result is obtained, the periodic
oscillation circuit 51 is driven by the control signal S13 to be sent out
fromthe periodic oscillation control circuit 54 with the periodic
operation node. In the periodic operation node, the oscillation signal
generated by the driving frequency generating uniit 5 is transmtted at the

57 9o, At Y S e AR BB 50 8 e
curr el LU IR LB R a0 bl B Sighe.0f Heeopg | ot on
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argi ng state, e current oug
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time, an reby“the consunption of electric power can crea

Furt hepgRige BN t&HeASR- ISR dd18 $3CONERLY, C%é_é@riréng'é&ﬁ t18f at

chargi ng position when"the périodic oscillation circuit 51 Is driving wth
the pethadiegémeP@hdnl HhddRondaeyvdeaili Ly 9k 8bechiti ¢heUkharyihlgow ng

through the primary coil L1
position can be reduced.

Moreover, in the sixth_embodiment, the charger 50 switches
based on the detection of the quantity of current between the
'periodic operation mode and the complete operation mode. However,
the present invention is not limited thereto and the periodic
operation mode and the complete operation mode can be switched by
detecting the frequency or voltage.

The secondary coil L2 is connected with the capacitor C2 in
parallel in order to produce resonance, and in the case where thé
secondary coil L2 is placed at the charging position, frequency of
voltage which occurs in the primary coil L1, i.e., the driving
frequency, varies. Similarly, in the'voltage value, the waveform
of the pﬁlse voltage varies due to resonance between the primary
coil L1 and the secondary coil L2, such as overshoot occurs. If
the detection means for detecting the frequency variation, voltage
variation or the waveform variation of the pulse voltage is
provided in the charger 50 in place of the current detection unit

53, and the detection result is informed to the periodic

oscillation control unit 54 (Fig. 14), the same effect as those of
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decreases due to the | oad of the secondary coil L2 side. At this point, the
quantity of current to be detected by the current detection circuit 53
becones | ower than the threshold value |2 set in advance, and if such
detection result is obtained, the periodic oscillation circuit 51 is driven
with the conpl ete operation node by the control signal S13 to be
transmtted fromthe periodic oscillation control circuit 54. In the

conpl ete operation node, the oscillation signal to be generated by the
driving fre uggﬁgegﬁneratlng unif 5. is continuously transmtted and thus,

t he curt® P reRPe PhR Ry coil L1 continuously. The charger 50
det ect by t h f th it f t that th ! d il L2
setects by Lhe shange of Hhe Ly b surent Uil L aseondpry, coll
cur r e Lain BT Puah  the! PERREY Yafy HBF R A ARiCA Y Sthe ' AR (1 xed
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the charging position can be decteased. “Accor orn
g
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L2 and detecting the voltage variation of the tertiary coil L3,
the detection result can be informed to the periodic oscillation
éontrol unit 54 (Fig. 14). When the secondary coil L2 is placed on
the charging position, the resonant ﬁoltage to be generated in the
tertiary coil L3 drops by the linkage of the magnetic flux
produced in the primary coil, and thus, the fact that the
secondary coil L2 is placed on the charging position can be
detected.

Moreover, in the sixth embodiment, the quantity of current
flowing through the primary coil L1 is detected by the current
detection unit 53. However, the present invention is not limited
thereto and a supplementary coil is provided in addition to the
primary coil Ll and to which electric current is supplied from the
battery power source having small power, a piece of metal or a
coil shaped metal may be placed at the position facing ﬁhe
supplementary coil in the electronic equipment side. In the case
where the piece of.metal or the coil-shaped metal is placed on the

position facing the supplementary coil, that is, the electronic

equipment is placed on the charging position, variation in the
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current detection unit 53 arranged between the power source 2 and the
primary coil L1 and as a result of detection, thé periodic oscillation
control circuit 54 switches the driving condition of the periodic
oscillation circuit 51 the between the periodic operation node and the
conpl ete operation node, the current which flows through the primary coi
L1 can flow continuously in the conplete operation node while in the
periodi c operation node the current can periodically flows at established

char o) AssdT P i AR e ‘FRPEIRETHR P ol A M cane
wh t d il L2 i d ' h ' iti.on, i.e.
s not AR TR o s < 8 debd bt Hr A A e o
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nber 1 ndi fet i | | : . LOI dth
nunber el Nl e B4 0 00l el G J%, SERANIAU G dodeand L e
| nvent kil d SA0frid MY, LOR i Adi. SoF MY &fo'(%}té-?en\b%d&%}ﬁft@ﬁn
with a coll 1n series and then the resonant frequency err| of the

secondyyey dBtdirderd Si de can be adjusted by an external inductance to be
obt ai ned by

Furthermore, the first to the sixth embodiments is applied to
the chargers 1, 10, 20, 30, 40 and 50 which condﬁct charging to
the secondary battery built in the electronic equipment. However,
the present invention is not limited thereto aﬂd it may be applied
to the case of using the electfic power to be transmitted from the
primary coil side as a driving power directly in the electronic
equipment side having the secondary coil. Specifically, the
aforementioned embodiments are applicable to the electric power
transmission device which transmits the power by the
electromagnetic induction from the primary coil side to the

secondary coil side.

Industrial Applicability
The present invention can be utilized for a charger which
conducts charging to the secondary battery built in a portable

compact electronic equipment.
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the coil. Accordingly, the present invention can cope with the case where
t he degree of coupling between the prinmary coil and the secondary coil is
ti ght enough and the | eakage i nductance is |ow and the case where the
capacity of capacitor is kept low, and in addition noise el enent can be
reduced. Furthernore, in the aforenentioned first to fourth and the sixth
enbodi meNtS, so-called resonant type driving circuit 4 which flows current
to thé n the forward direction and the backward direction
aI terna ll!ﬁ“g“mu lllim“l However , theCl%rlgr?sgnt invention is not limted
heret o an e pul se type dr|V|ng circuit 4 which flows the current

perlodlcally to the primary coil L1 can be provided. Furthernore, the
af orenenti oned first to sixth enbodi nents, the bipolar type transistor Trl
is proyided kW bl £LLL : v espLe jon is not
Iinite% ther%§082§8GEhE %g%FCE éﬁfﬁlsg?éﬁt?%g1%§a5§£sﬁfgﬁgggxgﬂﬁgro | ded
I nste | tgr e e h second
enbod?%%%%tﬁle ?gg%&vggﬁggbgfgtﬁgE#%%gc%gg% 33?t§g§éeéﬁgsﬁg ggggﬁdary coils
L2A andokgBigifigset at al nost equal voltage values by adjusting the ratio
of w ndi ngs of ?he secondary coil's L2A and L2B. However, the 46

signal generating means for generating and transmitting an

TN

oscillation signal formed of a fixed frequency;

current supplying means for supplying current to be conducted

o ——.

to said primary coil;

driving means fqr drive-controlling the.conduction and
o ¥
interruption of said current to be supplied from said current

supplying-means} to said primary coil, on the basis of the
frequency of said oscillation signai;

said primary coil for generating time-varying magnetic flux
based on said frequency of oscillation signal due to the
conduction and interruption of said current.by said driving
control;

said secondéry coil to which a capacitance element i§
connected in parallel, for generating an_inducéd electromotive
force in accordance with the linkage of said time-varying magnetic
flux to be produced in said primary coil, and for oscillating
induced current to be geﬁerated based on said induced
electromotive force between said capacitance element and said
secondary coil, with a frequency higher than said frequency of

oscillation signal as a resonant frequency, and wherein
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present invention is not only limted thereto and the inpedance elenent is
connected to the fore part of either one or both of these diode D2 provided
at the back stage of the secondary coil 2A and diode D3 provided at the
back st f ry coil L2B, thereby the voltage val ues of the

I nduct i 3m'm|"mﬂmﬁ"m1MF ‘made al nost equal voltage val ues and the induced
currents *rumnni Rg kr o9 t41e -secondary coil L2A and L2B can be rectified.
Moreover, in the fourth and fifth enbodi nents, the input voltage of the

Vol tage or (LGSR POrBoLt | TR e e Gl HATE MO | e
nductT O RIS SRet b AmrsA el 1o fese s eftedmofive Brrot ne
e pr ot R e rade By ekl BT he “HEEedt of 1Y Dt TR i ving T
contr STnPaEe P PR THE L IEHIRAT " 2 Ot Ton, TFurthermore, in
the fifth enbodi nent, the voltage variation of the induction voltage of the

secondary coil L2 is corrected side by controlling the driving frequency
and the, pul s@ai i dleof i @55duhd At UhsHilBlon WAV addr-difs &Y ¢TSI ON
is not limted thereto and either one of ghese frequency control or pulse
wi dt h \gaddigl can be used. Moreover, in the fifth enbodiment, the driving
frequency and

said secondary coil rectifies and outputs'said indﬁced

current to be generated at the time when the conduction of said

current to said primary'coil is interrupted.

3. The electric power transmission device according to Claim 1,
wherein

said primary coil and said secondary coil are windéd around
cores having fixed shapes respectively and said core winded by
said primary coil and said core winded by said secondary coil are

placed shifting the centers of said respective cores.

4. The electric power transmission device according to Claim 3,
wherein |

said core winded by said primary coil is so formed that its
cross sectional area is larger than said.core winded by said

secondary coil.

5. The electric power transmission device according to Claim 1,
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47

the pulse width of oscillation signal after detecting the voltage

variation of input voltage of the primary coil L1. However, the present

i nvention i s not

voltage variation to be occurred in the coil can be det

limted thereto and the third coil is-previded-in the

el ectromagnetic i nduction section 3 in addition to the gaﬂmi,rmcoil L1, the
L]

driving frequency and the pulse width of oscillation si
controlled in accordance with the detection result. Furthernore,

it

aforengn%%ggggn i.xt h enbodi nent, the driving signal S11 is supplied from

t he peri

PO8IFc 08¢ 1ation circuit 51 to the driving frequency generating
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o e ool | fetbEEdnbTHERKY) $o07081a00: AP RELLEFhi §8a"kaRGhaRES, 950
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present 1 nvention IS not

I'mted and SWi t'¢hi ng neans is provided

between the dohkBg1ihAMEARK §68CLRLNRRAI UBEhoSadBdrLicr LVLAG Rl CU T

and by transm tt]ng i gna ron1tﬂe periodi c oScrTlation

CirCU'Eoﬁ%r@!eElgﬁhi¢Qn9$£k%rQ§§%@_Qﬂthhﬁagacgh?%EEQBnSgggaht§19nhﬁ be
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generated by the oscillation circuit 52,
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t ed
t he
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oscillation siéﬁal to said driving means every fixed timing only
for the fixed period of time iﬂ the case where said first control
signal is supplied, and for supplying said oscillation signal
continuously to said driving means in fhe case where said second
control signal is supplied.
6. The electric power transmission device according to Claim 1,
comprising:

a tertiary coil provided sepaiately from said brimary coil
and secondary coil;

detecting means for detecting predetermined parameter

. variations which occur in said tertiary coil;

control means for transmitting a first or second control
signa1~zg—§E;;;g;;;;~;lth said detection result; and

periodic oscillating means for supplying said oscillation
signal periodically to said driving means every fixed timing for
the fixed period of time in the case where said first control
signal is supplied, and for supplying said oscillation signal

continuously to said driving means in the case where said second

control signal is supplied.
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operation node, the switching neans is kept ON condition only during the
period-of —tinme—when—the- vol tage | evel of oscillation signal S10 is positive

val ue ' e oscillation signal to the driving circuit 4.

Mor eo‘HmuU"ﬂ[m‘MmHmof conpl ete 48 operation node, the sw tching neans
is le sone 'Thus, as in the case of this enbodi nent, the
conducting condition of current flowi ng through the primary coil L1 can be

shifted by the periodic operation node and the conpl ete operation node.
Furtheynore, in the sixth enbodinent, the quantity of current flow ng
throughr  he THE MRASCEHIF RAVER CRARBHAFLAM J9HE SR ARRATLIGIE R | SRR d and
the conplete operation node are switched. However, the present invention is
not | iRt hereto and as shown in Fi g. 15, a battery power source 60 can
be provided in

ddition to AC power.squrce 2 ta connect. to the pri y
coil L1 and sr’%lriog%xfﬁl%ﬁt%%ﬁglsu AL S agtmf PP Y T SH DREBLPE he
power C h t : e . t.he prj . coil L1 .
res pecﬁ%ﬁ\%l%e. n r%%%gr‘?fgyﬁ%i% i%%{ijéni?ﬁg% l‘Pl(;argéd)e‘#@er%;fal}lln‘% W%ﬁbﬁnt of
curre ] -.1@{1}’ i4 L1 and a control unit 62 for
contrgﬁllé%lgﬂt‘i%%s%&tc P?\%b%nﬁié ST a"f\%iS'z can be provided. In this case,
the defecti ophdiiielrietSSher PASRR A on device according to Claim 6,

wherein
said tertiary coil is placed at a position facing a desired
piece of metal placed at a fixed position in an electronic
equipment having said secondary coil, and said electric power
transmission device comprising:
second signal generating means for generating and
transmitting a second oscillation signal formed of a fixed
frequency;
second current supplying meané for supplying current to
be conducted to said tertiary coil; and
second driving means for drive-controlling the
conduction and interruption of said current to be supplied
from said second electric power supplying means to said
tertiary coil, on the basis of a frequehcy of said sécond
oscillation signal. |
9. An electric power transmission method for transmitting
electric power between a primary coil and a secondary coil which
aie out of contact with each other, wherein:

the current conduction and interruption of current to said
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current detection whether or not the secondary coil L2 is placed on the
charging position, the control unit 62 controls ON-OFF conditions of the
switching units S1 and S2 in accordance with the detection result; I

a
smal | quantity of current is enough to flow t hrough the piuﬂnu '
such as in the case where the primary coil L2 is not at t ﬂmmmmm
position, the switch S2 is set to the ON condition and the*switch 3 iss set
to OFF condition in order to supply the consunming current fromthe battery

pover @483 mar$OWaiq @%e‘MPﬂJ%Jé&&4ﬁ§ri%%FiWﬂ%@%o% S%ﬁ%ﬁ ry coil L2 is

pl aced” on thé charging position, e swfic e ON

condi t pgeidnd tilbe SWgnEl Formed Yened Etr%dreQ%f:%Ee(&o'}@ie%%%éggzsg gp![ Ket he

power source current to be transmtte rom power

| ce current 't | | me_when th
primary coil thhe _E@unbhﬁagﬁh&ﬁatfﬁ%&SEHBEHQBnaE %QSqEEQEXdB%QE?labreover,

secondary coil L2 is™not at "the charging position can

in theogbxihatibadisiomal tifke Jeh@ra®ed®nsWht GNES 1 t gigetion of
the quantity of current between the perfog?cab_%%gg?gﬂc%g&eggh%afﬁe

conpl eténapetabnoand@ dateidiptibn b cRFeaAR! abRVSRLEhGN tbS s394 HrTiif!

thereto and the periodic operation node and the conpl é&te operation node can
be sw tohtdolby detiecti ng the frequency or voltage.
said electric power is transmitted from said primary coil to
said secondary coil by generating an induced electromotive force
in said secondary coil by the linkage of said magnetic flux
generated in said primary qoil, and induced current to be
generated by said induced electromotive force is resonated with
frequency higher than a frequency of said oscillation signal.
10. The electric power transmission method according to Claim 9,
wherein
said inducted current to be generated in said secondary coil
is rectified and outputted at the time when the conduction of said
current to said primary coil is interrupted.
11. The electric power transmission method éccording to Claim 9,
wherein |
said primary coil and said secondary coil which are winded
‘around cores having the prescribed forms are placed at the
positions shifting the centers of said respective cores.
12. The electric power transmission method according to Claim 11,

wherein

a cross sectional area of said core winded by said primary
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The secondary coil L2 is connected with the capacitor C2 in parallel in
order to produce resonance, and in the case where the secondary coil L2 is

pl aced at the charging posrtfoﬂ-—+feﬂueﬂey—et.voltage whi ch occurs in the
primary coil L1, i.e., the r uenc varies. Simlarly, in the
vol t age val ue, t he maveforn1 w i age varies due to resonance
between the primary coil ‘coil L2, such as overshoot

occurs. |If the detection neans for detectlng t he frequency variation,
vol tage varjation or thggm%veforn1var|at|on of the pulse voltage is

provi deet 1Fh§r5ﬁﬁgﬁgr PROPRalBreer KRB LR ERPS eFEEF%BHaﬁnPF953°fand
the detection result nf orgpd to_t.he pertfdlc oscillation control unit
54 (Fi P40 re.Hindad Byt 5o a§SPRBEB Y 88 - the enbodinent can be
obtain in_the_spxth enbodi nent e_quantit f rren

P ow nb3t hr obR PRECEF1 fophies: FEpHeRLoatol patnad aieotatnd £ £LIRLE S,
uni t 5 %@fﬁ é the present invention is not limted thereto and as shown
in Fig. 0? y dfranging a tertiary coil L3 on the position facing the

char gi ng posatﬁge?e£iag sEE%OPEa§¥t8ﬁti%%t &eégﬁﬁfﬁ+§9%£95%%eéLage

variation of t ertrary c |on resu rnfornmed to

the pe&+9ﬂ551§§§ithEhoaceaetaﬁlsaﬂatpéfmsﬁ&gco%f}- Vhen the secondary coi

is place
a control step of transmitting a first or second control

signal in accordance with said detection rgsult; and

a periodic oscillation switching step of periodically drive-
controlling the conduction and interruption to said primary coil
every fixed timing for the fixed period of time in the case where

- said first control signal is supplied, and of continuocusly drive-
controlling the conduction and interruption to said primary coil
in the case where said second control signal is supplied.

14. The electric power transmission method according to Claim 9,
comprising:

a detecting step of detecting prescribed parameter variations
which occur in a tertiary coil provided separately from said
primary coil and secondary coil;

a control step of transmitting a first or a second control
signal in accordance with.said detection result; ﬁnd

a periodic oscillation switching step of periodically drive-
controlling the conduction and interruption to said primary coil
every predetermined timing for the fixed period of time in the

case where said first control signal is supplied, and of
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t he charging position, the resonant voltage to be generated in the tertiary
coil L3 drops by the linkage of the magnetic flux produced in the primry
coil, and thus, tThe fact that the secondary coil L2 is placed on the
chargi[ it i be detected. Mreover, in the sixth enbodi nent, the
guant |,ﬂ!ﬁﬂﬂ“"ﬂﬂ"[ﬁﬂlow ng through the primary coil L1 is detected by the
current detectiwon sunixl' 53. However, the present invention is not |limted
thereto and a supplenentary coil is provided in addition to the prinmary
coil L1 and to ich electric current . is suppljied fromthe battery power
cour b neSutly | dpSBr eohERBLLLAE, the IpaErtEtn il FeFertieElon il e
pl aced t.he. jt] faci t y il in the electronic

i prigotd PRSP AL E6 Bla U2s3 RSFECEAER 580hna Pobptof Fibhal fa

nmet al éé#éifggd on the position facing the supplenentary coil, that is, the
el ectro equi pment is placed on the charging position, variation in the
51 current flowi ng through the supplenentary coil occurs and by
detecting the variation, it can be judged that the electronic equipnent is
pl aced at the charging position. In addition, if the judgment result is

informed to the periodic oscillation control unit 54 (Fig. 14), the sane
effect as those of the enbodi nent can ' ' '
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be obtained. Furthernore, the first to the sixth enbodinments is applied to
the chargers 1, 10, 20, 30, 40 and 50 which conduct charging to the
secondary battery built in the electronic equipnment. However, the present
invention is not limted thereto and it nay be applied to the case of u5|ng
the electric power to be transmtted fromthe primary coil side as a
driving power directly in the electronic equi pnent side having the
secondary coil. Specifically, the aforenenti oned enbodi nents are applicable
to the electric power transm ssion g§¥i q@ich transmts the power by the
el ectromagnetic i nduction fromthe q#ﬁ%? oil side to the secondary coi
side. Industrial Applicability The present invention can be utilized for a
charger which conducts charging to the secondary battery built in a

portabl e conPact eI oni.c gaui.p elec rLc power

transni ssi on deffc r%?aﬁg eft?%ﬁ“@?%%f}?% ﬂ%mk?eb@?ﬁgg‘tﬁaﬁ? Py coi
and a, éf&QE??{:%SSg%B:’ bEYMRERS h"Eri b 8)2Lo 98 "ShA! LN deBBAGS | Okof oLl | NY

and transm
resonant frequency of the secondary coil side is arranged to
become higher than a frequency of an oscillation signal of the
primary coil side, so that a capacitance can be made small and the
coupling coefficient of the primary coil and the secondary coil
can be made high apparently and thus, efficiency of power

transmission from the primary coil side to the secondary coil side

can be improved.
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oséillation signal fornmed of a fixed frequency; current supplying neans for

supplying current to be conducted to said primary coil; driving neans for
drive-controlling the conduction and interruption of said current to be
supplied fromsaid current supplying neans, -to said primary coil, on the

basis of the frequency of said oscillation signal; said primary coil for
generating tinme-varying magnetic flux based on said frequency of
oscillation signal due to the conduction and interruption of said current
by said driving control; said secondary coil to which a capacitance el enent
is connected in parallel, fgr generating an induced el ectronotive force in
accordance with the |inkageof said time-varying magnggc flux to be
produced in said prinmary cm%, and for oscillating in

generated based on said i nduced e|-eet+emtti ve- fForce. ligt ween_sai d

capaci tance4gl édnent and sal d secopdary Ko} lle w tii y hi gher than
said frequen of oscillation sigpai \gs=la sona , and wherein
53 said ele§tric power is trangpmtt m satd pri y coil to said

orce

‘'secondary coi l enerating said;i nducgd trdhotive
ondary y ggherating st o ¢
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in said secondary coil by the |inkage of said tinme-varying magnetic
generated in said primary coil. 2. The el ectric power transm ssion

devi ce according to Claim1, wherein said secondary coil rectifies and

out puts said induced current to be generated at the tinme when the
conduction of said current to said primary coil is interrupted. 3. The
el ectric power transm ssion device according to Caim1, wherein said
primary coil and said secondary coil are w nded around cores having fixed
shapes respectively and said core winded by said primary coil and said core
wi nded by said secondary coil are placed shifting the centers of said
respective cores. 4. The el ectric power transm ssion device according to
Claim3, wherein %3id core windediby said primary coil is so formed that
its cross sectionall area is larges than said core w nded by said secondary
coil. 5. The elﬁctric power tyAnsmissi on device according to Claim1, 54
conprising: detectiing nmeans for egtAng predeterm ned paraneter

i~ { -
fosc fout f.
FIG. 3
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FIG. 4

2/9



variations which occur in said primary coil; controlling nmeans for
transmtting a first or a second control signal in accordance with said
detection result; and periodic oscillating neans for periodically supplying
said oscillation signal to said driving neans every fixed timng only for
the fixed period of tine in the case where said first control signal is
supplied, and for supplying said oscillation signal continuously to said
driving neans in the case where said second control signal is supplied. 6.
The el ectric power transm ssion device according to Claim1, conprising: a
tertiary coil provided separately fromsaid primary coil and secondary

coi |l ; detecting dns for detecting predeterm ned paraneter variations
whi ch occur in salfqd tertiary coil; control means for transmtting a first
or second control dignal in acco®dance with said detection result; and
periodic oscillatingg ne f uppl yi ngsai dgscillation signa
periodically to said dr ns ever

of time in the cas¢ wh i rst co

% Aining for the fixed period
éé;4¢/4¢c|nlng or e fixed perio
o svnal s supplied, and for

suppl ying said oscill | _cont i 48 said driving neans in the
case where said sé&¢ond| control s N s suppl i ed 5%
N &4
Tl—
FIG. 5




7. The el ectric power transm ssion device according to Claim®6, wherein
said tertiary coil is placed at a position in the vicinity of said
secondary coil within the range of |inkage of said nmagnetic flux produced
by said primary coil. 8. The el ectric power transm ssion device
according to Caim6, wherein said tertiary coil is placed at a position
facing a desired piece of netal placed at a fixed position in an electronic
equi pnent having said secondary coil, and said electric power transn ssion
devi ce conprising: second signal generating nmeans for generating and
transmtting a second oscillation signal fornmed of a fixed frequency;
second current supglying neans for supplying current to be conducted to
said tertiary coi¥;f and second drivindgﬁeans Ber drive-controlling the
conduction and intgrruption ob»Sai gyt reQt A0 be supplied fromsaid second
el ectric power supglying neaﬁg??‘/f’ \‘\niary coil, on the basis of a
frequency of said 4econd osc
transm ssi on nethodq for tr &
and a secondary coi|l which

a , -
FIG. 7
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are out of contact wth each other, wherein: the current conduction and
interruption of current to said 56 primary coil are drive-controlled in
accordance with an oscillation signal forned of a predeterm ned frequency;
time-varying magnetic flux based on a frequency of said oscillation signal
is generated in said primary coil by said conduction and interruption of
current according to said driving control; and said electric power is
transmtted fromsaid primary coil to sai d secondary coil by generating an
i nduced el ectronotive force in sg@ secondary coil by the |linkage of said
magnetic flux generated34n said grimary coil, and induced current to be
generated by said i nducgegd el ectr tive force is resonateg2wi th frequency
hi gher than a f teneypof said oOscillation_signal. 10. The el ectric
pover transmi | SALTAGE,

current to\bel g¢@ONTREK | &

at the tine en thg copdu
interrupted.;E}. Th$—e¢ge% |
9, wherein
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said primary coil and said secondary coil which are wi nded around cores
havi ng the prescribed forns are placed at the positions shifting the
centers of said respective cores. 12. The el ectric power transm ssion

met hod according to aim 11, wherein a cross sectional area of said core
w nded by said primary 57 coil is arranged to becone larger than a cross
sectional area of said core winded by said secondary coil. 13. The

el ectric power transm ssion nmethod according to Claim9, conprising: a
detecting step of detecting predeterm ned paraneter variations which occur
in said primary coi a control step of trans ting a first or second
control signal i Accordance wth said detect&%h result; and a periodic
oscillation sw t'chilng step of periodically drfve- controlling t he
conduction and intgnNuption to said primary f£oil every fixed timng for the
fixed period of tiﬁp I first control signal is

supplied, and of cqntinu t oIIan t he conduction and
interruption to saijd primary ase where said second control
signal is supplied.,| 14. i ransﬁL§S|on met hod accordi ng
‘to Caimy9,

- —
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FIG. 11
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conprising: a detecting step of detecting prescribed paraneter variations
whi ch occur in a tertiary coil provided separately fromsaid primry coi
and secondary coil; a control step of transmtting a first or a second
control signal in accordance with said detection result; and a periodic
oscillation switching step of periodically drive- controlling the
conduction and interruption to said primary coil every predeterm ned timng
for the fixed period of tine in the case where said first control signal is

supplied, and of 58 continuously drive-controlling the induction and
interruption to said primary coil in the case where—sai d second contro
signal is supplied. 59 40 L !
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Reference Numerals

1, 10, 20, 30, 40, 50... charger, 2... power source, 3...
electromagnetic induction section, 4, 41.;. driving circuit, 5...
driving frequency generating unit, 31... variable frequency
generating:unit, 32... voitage detectioﬁ unit, 33... oscillation
signai control unit, 34... input voltage control unit, 42... pulse
width control unit, 51... periodic oscillation circuit, 52...
oscillation circuit, 53... current detection unit, 59... periodic
oscillation control circuit, 60... battery power source, 61...

detection unit, 62... control unit.
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