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(57) ABSTRACT

A power transmission device performs power-saving power
transmission that transmits a small amount of power as com-
pared with normal power transmission when the power trans-
mission device has detected that a battery of a load has been
fully charged so that the operation of a charge control device
(charge control IC) of the load is maintained, thereby
enabling recharging due to a charge management function of
the charge control device. Since the load state of a power
reception device increases when recharging has started, the
power transmission device detects an increase in the load
state and changes power transmission from power-saving
power transmission to normal power transmission. When the
power reception device has been removed during power-
saving power transmission, the power transmission device
detects that the power reception device has been removed,
and stops continuous power transmission so that unnecessary
power consumption does not occur.
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FIG. 3A
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FIG. 4

RESONANCE PEAK
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FIG. 8

PRIMARY-SIDE CURRENT CONSUMPTION (mA)

P SECONDARY-SIDE LOAD CURRENT (mA)

CHARACTERISTICS DURING NORMAL POWER RECEPTION
CHARACTERISTICS DURING POWER-SAVING POWER RECEPTION
SECONDARY-SIDE LOAD CURRENT IN STANDBY STATE
REDUCTION IN CURRENT CONSUMPTION IN STANDBY STATE
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POWER TRANSMISSION CONTROL DEVICE,
POWER RECEPTION CONTROL DEVICE,
NON-CONTACT POWER TRANSMISSION

SYSTEM, POWER TRANSMISSION DEVICE,
POWER RECEPTION DEVICE, AND
ELECTRONIC INSTRUMENT

[0001] Japanese Patent Application No. 2007-36745 filed
on Feb. 16, 2007, is hereby incorporated by reference in its
entirety.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a power transmis-
sion control device, a power reception control device, a non-
contact power transmission system, a power transmission
device, a power reception device, an electronic instrument,
and the like.

[0003] In recent years, non-contact power transmission
(contactless power transmission) which utilizes electromag-
netic induction to enable power transmission without metal-
to-metal contact has attracted attention. As application
examples of non-contact power transmission, charging a por-
table telephone, a household appliance (e.g., telephone hand-
set), and the like has been proposed.

[0004] JP-A-2006-60909 discloses a non-contact power
transmission device using a primary coil and a secondary coil,
for example.

[0005] In a charging device utilizing non-contact power
transmission disclosed in JP-A-6-339232 and a non-contact
power transmission system disclosed in JP-A-11-146569, a
power-receiving-side device detects that a secondary battery
has been fully charged and notifies a power transmission
device that charging has completed, and the power transmis-
sion device then stops power transmission.

[0006] A non-contact power transmission system disclosed
in JP-A-2005-6459 detects an abnormality in load (i.e., an
open state or a low-load state has occurred) when supplying
power, and causes a power transmission device to decrease
the oscillation frequency of an oscillation circuit so that heat
generation or breakage of components is prevented.

[0007] When a secondary battery is connected to a charger
after completion of charging, the battery voltage gradually
decreases due to a discharge from the secondary battery.
Therefore, it is desirable to recharge the battery, if necessary.
[0008] According to the technologies disclosed in JP-A-6-
339232 and JP-A-11-146569, since power supply from the
power transmission device is completely stopped after the
battery of the power reception device has been fully charged,
it is impossible to recharge the secondary battery after
completion of charging.

[0009] The technology disclosed in JP-A-2005-6459 aims
at preventing heat generation or breakage of components due
to an abnormality in load when supplying power, and does not
take recharging into consideration.

SUMMARY

[0010] According to one aspect of the invention, there is
provided a power transmission control device provided in a
power transmission device of a non-contact power transmis-
sion system, the non-contact power transmission system
transmitting power from the power transmission device to a
power reception device by electromagnetically coupling a
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primary coil and a secondary coil to transmit the power to a
load of the power reception device, the power transmission
control device comprising:

[0011] a power-transmission-side control circuit that con-
trols the power transmission device,

[0012] when the power transmission device has detected
that a battery included in the load has been fully charged, the
power-transmission-side control circuit stopping normal
power transmission to the power reception device and per-
forming power-saving power transmission that transmits a
small amount of power as compared with the normal power
transmission.

[0013] According to another aspect of the invention, there
is provided a power reception control device provided in a
power reception device of a non-contact power transmission
system, the non-contact power transmission system transmit-
ting power from a power transmission device to the power
reception device by electromagnetically coupling a primary
coil and a secondary coil to transmit the power to a load of the
power reception device, the power reception control device
comprising:

[0014] a power-reception-side control circuit that controls
the power reception device,

[0015] when a battery included in the load has been fully
charged, the power-reception-side control circuit performing
control that the power reception device transmits information
that indicates that the battery has been fully charged to the
power transmission device.

[0016] According to another aspect of the invention, there
is provided a non-contact power transmission system com-
prising a power transmission device and a power reception
device, the non-contact power transmission system transmit-
ting power from the power transmission device to the power
reception device by electromagnetically coupling a primary
coil and a secondary coil to transmit the power to a load of the
power reception device,

[0017] the power transmission device including a power-
transmission-side control circuit that controls the power
transmission device;

[0018] the power reception device including:

[0019] a power-reception-side control circuit that controls
the power reception device;

[0020] a full-charge detection circuit that detects whether
or not a battery has been fully charged; and

[0021] a frequency detection circuit that detects a power
transmission frequency of the power transmission device;
[0022]
[0023]

[0024] a charge control device that manages charging the
battery, detects that the battery requires recharging after the
battery has been fully charged, and recharges the battery;

[0025] the power-reception-side control circuit performing
control that the power reception device transmits a save com-
mand that requests power-saving power transmission to the
power transmission device when the full-charge detection
circuit has detected that the battery included in the load has
been fully charged and the frequency detection circuit has
detected that a power transmission frequency of the power
transmission device is a frequency other than a power-saving
power transmission frequency;

[0026] the power-transmission-side control circuit chang-
ing power transmission from normal power transmission to

the load of the power reception device including:
the battery; and
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the power-saving power transmission when receiving the save
command from the power reception device during the normal
power transmission;

[0027] the power-transmission-side control circuit moni-
toring a load state of the power reception device during the
power-saving power transmission, and, when the power-
transmission-side control circuit has detected that the load
state of the power reception device has changed from a low-
load state to a high-load state when recharging of the battery
included in the load has started, the power-transmission-side
control circuit changing power transmission from the power-
saving power transmission to the normal power transmission;
and

[0028] the power-transmission-side control circuit chang-
ing power transmission from the power-saving power trans-
mission to the normal power transmission in a given cycle
during the power-saving power transmission, monitoring a
response from the power reception device relating to the
change from the power-saving power transmission to the
normal power transmission, again changing power transmis-
sion from the normal power transmission to the power-saving
power transmission when a save command that requests the
power-saving power transmission has been received from the
power reception device, and determining that the power
reception device has been removed when the power-transmis-
sion-side control circuit cannot receive the save command
from the power reception device and stopping continuous
power transmission.

[0029] According to another aspect of the invention, there
is provided a power transmission device comprising:

[0030] the above power transmission control device; and
[0031] apower transmission section that generates an alter-
nating voltage and supplies the alternating voltage to the
primary coil.

[0032] According to another aspect of the invention, there
is provided a power reception device comprising:

[0033] the above power reception control device; and
[0034] a power receiving section that converts an induced
voltage in a secondary coil into a direct voltage.

[0035] According to another aspect of the invention, there
is provided an electronic instrument comprising the above
power transmission device.

[0036] According to another aspect of the invention, there
is provided an electronic instrument comprising:

[0037] the above power reception device; and

[0038] a load, power being supplied to the load from the
power reception device.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0039] FIGS. 1A and 1B are views showing examples of an
electronic instrument utilizing non-contact power transmis-
sion; FIG. 1A is an oblique view showing a state in which a
portable telephone as a power reception device is placed on a
charger (cradle) as a power transmission device, and FIG. 1B
is a cross-sectional view showing the main portion of elec-
tronic instruments which is illustrative of the principle of
power transmission from a power transmission device to a
power reception device.

[0040] FIG. 2 is a view showing an example of a specific
configuration of a power transmission device, a power trans-
mission control device, a power reception device, and a power
reception control device according to the invention.
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[0041] FIGS. 3A and 3B are views illustrative of the prin-
ciple of information transmission from a primary-side instru-
ment to a secondary-side instrument or from the secondary-
side instrument to the primary-side instrument.

[0042] FIG. 4 is a view showing the resonance characteris-
tics of an induction coil and applications of frequencies.
[0043] FIG. 5 is a block diagram selectively showing the
configuration of a non-contact power transmission system
shown in FIG. 2 relating to implementation of a power-saving
mode.

[0044] FIG. 61isa circuit diagram showing an example of an
internal circuit configuration of a voltage detection circuit
and a waveform detection circuit shown in FIG. 5.

[0045] FIG. 7 is a flowchart showing an example of a spe-
cific procedure relating to a transition to a power-saving mode
when a battery has been fully charged.

[0046] FIG. 81is a view illustrative of a reduction in power
consumption due to a power-saving mode.

[0047] FIG. 9 is a flowchart showing an example of a pro-
cess which switches power transmission from power-saving
power transmission to normal power transmission when
recharging has started after power-saving power transmis-
sion.

[0048] FIG. 10 is a flowchart showing an example of a
specific procedure relating to a removal detection process
after a power-saving mode.

DETAILED DESCRIPTION OF THE
EMBODIMENT

[0049] The invention has been achieved in view of the
above-described consideration. Some aspects of the invention
may enable a battery of aload to be recharged after the battery
has been fully charged utilizing non-contact power transmis-
sion, and may easily implement such recharging.

[0050] (1) According to one embodiment of the invention,
there is provided a power transmission control device pro-
vided in a power transmission device of a non-contact power
transmission system, the non-contact power transmission
system transmitting power from the power transmission
device to a power reception device by electromagnetically
coupling a primary coil and a secondary coil to transmit the
power to a load of the power reception device, the power
transmission control device comprising:

[0051] a power-transmission-side control circuit that con-
trols the power transmission device,

[0052] when the power transmission device has detected
that a battery included in the load has been fully charged, the
power-transmission-side control circuit stopping normal
power transmission to the power reception device and per-
forming power-saving power transmission that transmits a
small amount of power as compared with the normal power
transmission.

[0053] Power transmission (i.e., power-saving power trans-
mission) that transmits a small amount of power as compared
with normal power transmission is continuously performed
after the battery has been fully charged so that power (power
supply voltage) is supplied to the load. This ensures that the
load maintains its charge management function even after the
battery has been fully charged. Accordingly, when it is nec-
essary to recharge the battery due to a discharge after the
battery has been fully charged, the charge management func-
tion of the load causes the battery to be recharged automati-
cally. Therefore, the battery can be easily recharged. Note that
power-saving power transmission transmits only a small
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amount of power which merely maintains the battery charge
management function of the load. Specifically, power con-
sumption is sufficiently reduced during power-saving power
transmission. The transmission frequency during power-sav-
ing power transmission is set at a frequency apart from the
resonance frequency (resonance peak) as compared with the
frequency during normal power transmission, for example.
The power to be transmitted can also be reduced, even if the
transmission frequency is the same, by increasing the fre-
quency difference between the resonance frequency (reso-
nance peak) and the transmission frequency by changing the
resonance characteristics of the resonant circuit to change the
resonance frequency (resonance peak).

[0054] (2) Inthe power transmission control device accord-
ing to this embodiment,

[0055] the load of the power reception device may include
a charge control device that manages charging the battery;
and

[0056] the power transmission device may control power
transmission so that the charge control device maintains an
operating state, even after the battery has been fully charged,
during the power-saving power transmission.

[0057] The load includes the charge control device that
manages charging of the battery. The charge control device
can maintain its operating state after the battery has been fully
charged due to power-saving power transmission. Therefore,
the battery can be easily recharged without providing a spe-
cial configuration. The charge control device is a charge con-
trol IC, for example. The charge control device may be incor-
porated in the load (e.g., battery pack), or may be
incorporated in the battery (e.g., smart battery). In either case,
the load includes the charge control device (charge control
10).

[0058] (3) Inthe power transmission control device accord-
ing to this embodiment,

[0059] the power-transmission-side control circuit may
change power transmission from the normal power transmis-
sion to the power-saving power transmission when receiving
a save command that requests the power-saving power trans-
mission from the power reception device.

[0060] The power transmission control device cannot
determine whether or not the battery of the load of the power
reception device has been fully charged. Therefore, the power
reception device detects that the battery has been fully
charged, and transmits a save command (i.e., information
relating to the full-charge state of the battery) which requests
power-saving power transmission. When the power transmis-
sion control device has received the save command, the power
transmission control device changes power transmission
from normal power transmission to power-saving power
transmission.

[0061] (4)Inthe powertransmission control device accord-
ing to this embodiment,

[0062] the power-transmission-side control circuit may
monitor a load state of the power reception device during the
power-saving power transmission; and

[0063] when the power-transmission-side control circuit
has detected that the load state of the power reception device
has changed from a low-load state to a high-load state by
starting recharge of the battery included in the load, the
power-transmission-side control circuit may change power
transmission from the power-saving power transmission to
the normal power transmission.
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[0064] Whenrecharging of the battery has started dueto the
charge management function of the load during power-saving
power transmission, it is necessary to transmit a sufficient
amount of power from the power transmission device to the
power reception device in order to continue to recharge the
battery. Therefore, the power transmission control device
monitors the load state of the power reception device with
respect to the power transmission device. When the power
reception device has changed to a high-load state due to
recharging, the power transmission control device detects a
change in load state, immediately changes power transmis-
sion from power-saving power transmission to normal power
transmission, and transmits power necessary for recharging
to the power reception device. Therefore, since a sufficient
amount of power is supplied to the power reception device
immediately after recharging has started, the power reception
device can continue to recharge the battery. A change in the
load state of the power reception device can be detected by
monitoring a change in the amplitude of the induced voltage
in the primary coil, for example. Specifically, when the power
reception device has changed from a low-load state (power-
saving state) to a high-load state (recharge state), the ampli-
tude of the induced voltage in the primary coil increases.
Therefore, the power transmission device can reliably detect
a change in load state by determining a change in amplitude
using the threshold value, for example. Note that the load
state change detection method is not limited to the above
method. Another method may also be used.

[0065] (5)Inthe power transmission control device accord-
ing to this embodiment,

[0066] the power-transmission-side control circuit may
intermittently monitor the load state of the power reception
device at given intervals during the power-saving power
transmission.

[0067] The load state of the power reception device during
power-saving power transmission may be always monitored.
When a reduction in power consumption is desired, it is
effective to intermittently monitor the load state of the power
reception device. A change in the load state of the power
reception device can be detected in almost real time by reduc-
ing the monitoring interval. This prevents a problem in which
a delay in detection occurs.

[0068] (6) Inthe power transmission control device accord-
ing to this embodiment,

[0069] the power-transmission-side control circuit may
change power transmission from the power-saving power
transmission to the normal power transmission in a given
cycle during the power-saving power transmission, and may
monitor a response from the power reception device relating
to the change from the power-saving power transmission to
the normal power transmission;

[0070] the power-transmission-side control circuit again
may change power transmission from the normal power
transmission to the power-saving power transmission when
receiving a save command that requests the power-saving
power transmission from the power reception device; and
[0071] when the power-transmission control circuit cannot
receive the save command from the power reception device,
the power-transmission-side control circuit may determine
that the power reception device has been removed and stop-
ping continuous power transmission.

[0072] Since an amount of power is continuously transmit-
ted during power-saving mode power transmission, when the
power reception device (e.g., portable telephone) has been
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removed in the power-saving mode, unnecessary power is
always transmitted in the power-saving mode. This makes it
impossible to deal with a demand for a reduction in power
consumption. According to this embodiment, the power
transmission device cyclically checks whether or not the
power reception device exists (i.e., whether or not the power
reception device has been removed) in the power-saving
mode. Specifically, the power transmission control device
regularly and temporarily cancels power-saving power trans-
mission in the power-saving mode and causes the power
transmission device to perform normal power transmission.
When the power reception device has not been removed, the
power reception device detects a change in power transmis-
sion frequency and transmits a response (e.g., returns a save
command which requests recovery of power-saving power
transmission) to the power transmission device. The power
transmission control device changes power transmission
from normal power transmission to power-saving power
transmission upon reception of the response. When no
response has been received, the power transmission control
device determines that the power reception device has been
removed and stops continuous power transmission to mini-
mize unnecessary power consumption. Specifically, when no
response has been received, the power transmission control
device may cause the power transmission device to operate in
an initial mode in which the power transmission device inter-
mittently transmits power in order to detect whether or not the
power reception device has been placed on the charger, for
example (this measure is only an example). A situation in
which the power transmission device continuously transmits
power although the power reception device does not exists
can be reliably prevented by regularly performing removal
detection during power-saving power transmission, whereby
unnecessary power consumption can be suppressed. More-
over, removal (leave) of the power reception device can be
easily detected based on software without using a special
hardware configuration by employing a method which
changes power transmission from power-saving power trans-
mission to normal power transmission and waits for response
from the power reception device.

[0073] (7) According to another embodiment of the inven-
tion, there is provided a power reception control device pro-
vided in a power reception device of a non-contact power
transmission system, the non-contact power transmission
system transmitting power from a power transmission device
to the power reception device by electromagnetically cou-
pling a primary coil and a secondary coil to transmit the
power to a load of the power reception device, the power
reception control device comprising:

[0074] a power-reception-side control circuit that controls
the power reception device,

[0075] when a battery included in the load has been fully
charged, the power-reception-side control circuit performing
control that the power reception device transmits information
that indicates that the battery has been fully charged to the
power transmission device.

[0076] Since the power transmission device cannot deter-
mine whether or not the battery has been fully charged, it is
necessary for the power reception device to transmit informa-
tion relating to whether or not the battery has been fully
charged to the power transmission device. Therefore, the
power reception control device detects whether or not the
battery of the load has been fully charged, and transmits
information relating to whether or not the battery has been
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fully charged to the power transmission device. The term
“information relating to whether or not the battery has been
fully charged” used herein means information which indi-
cates that the battery has been fully charged or information
which indicates the charge level. The term “information relat-
ing to whether or not the battery has been fully charged” also
includes the save command which requests power-saving
power transmission. This enables the power transmission
device to change power transmission from normal power
transmission to power-saving power transmission.

[0077] (8) In the power reception control device according
to this embodiment,

[0078] the power-reception-side control circuit may per-
form control that the power reception device transmits a save
command that requests power-saving power transmission to
the power transmission device when the power reception
control device has detected that the battery has been fully
charged and a power transmission frequency of the power
transmission device is a frequency other than a power-saving
power transmission frequency.

[0079] The above description defines a specific save com-
mand transmission condition. Specifically, the save com-
mand is transmitted to the power transmission device when
the battery has been fully charged (first condition) and the
power transmission frequency from the power transmission
device is a frequency other than the power-saving power
transmission frequency (second condition). The first condi-
tion is a necessary condition because the save command is a
request for power-saving power transmission as a result of
detecting that the battery has been fully charged. The second
condition is mainly necessary so that, when the frequency of
power transmission from the power transmission device is
regularly changed for detachment detection during power-
saving power transmission, the power reception device can
again transmit the save command to the power transmission
device in response to the change in frequency. As described
above, when an intentional change in transmission frequency
has been detected, the power reception control device must
notify (respond) the power transmission device that the power
reception device has not been removed. The power reception
control device transmits the save command as a response.
Specifically, the power reception control device transmits the
save command when the battery has been fully charged dur-
ing normal power transmission (first case where the first and
second conditions are satisfied) or when the transmission
frequency has been changed to a frequency other than the
frequency during power-saving power transmission after
power-saving power transmission has started (battery has
been fully charged) (second case where the first and second
conditions are satisfied).

[0080] (9) In the power reception control device according
to this embodiment,

[0081] the power reception control device may further
include:
[0082] a full-charge detection circuit that detects whether

or not the battery has been fully charged; and

[0083] a frequency detection circuit that detects the power
transmission frequency of the power transmission device,
[0084] the full-charge detection circuit may detect whether
ornot the battery has been fully charged based on an ON/OFF
state of a light-emitting device that indicates a charge state of
the battery; and

[0085] the power-reception-side control circuit may deter-
mine whether or not the power transmission frequency of the
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power transmission device is a frequency other than the
power-saving power transmission frequency based on a
detection result of the frequency detection circuit.

[0086] Specifically, the full-charge detection circuit is pro-
vided in order to detect whether or not the battery has been
fully charged, and the frequency detection circuit is provided
in order to detect the power transmission frequency. The
full-charge detection circuit detects whether or not the battery
has been fully charged based on whether or not a light-emit-
ting device (e.g., LED) provided to the load has been turned
ON. For example, when the light-emitting device has been
successively turned OFF for five minutes or more, the full-
charge detection circuit determines that the battery has been
fully charged (this method is only an example). Since whether
or not the battery has been fully charged is determined utiliz-
ing the light-emitting device (e.g., LED), it is unnecessary to
provide a special circuit in order to determine whether or not
the battery has been fully charged. This simplifies the circuit
configuration.

[0087] (10)Inthe power reception control device according
to this embodiment,

[0088] the full-charge detection circuit may determine that
the battery has been fully charged when the light-emitting
device has been successively turned OFF for a given period of
time.

[0089] For example, when the light-emitting device has
been successively turned OFF for five minutes or more, the
full-charge detection circuit determines that the battery has
been fully charged (this method is only an example). Since
whether or not the battery has been fully charged is deter-
mined by checking the ON/OFF state of the light-emitting
device for a given period of time, a situation can be prevented
in which power-saving power transmission suddenly occurs
even if the battery has not been fully charged.

[0090] (11)According to another embodiment of the inven-
tion, there is provided a non-contact power transmission sys-
tem comprising a power transmission device and a power
reception device, the non-contact power transmission system
transmitting power from the power transmission device to the
power reception device by electromagnetically coupling a
primary coil and a secondary coil to transmit the power to a
load of the power reception device,

[0091] the power transmission device including a power-
transmission-side control circuit that controls the power
transmission device;

[0092] the power reception device including:

[0093] a power-reception-side control circuit that controls
the power reception device;

[0094] a full-charge detection circuit that detects whether
or not a battery has been fully charged; and

[0095] a frequency detection circuit that detects a power
transmission frequency of the power transmission device;

[0096] the load of the power reception device including:
[0097] the battery; and
[0098] a charge control device that manages charging the

battery, detects that the battery requires recharging after the
battery has been fully charged, and recharges the battery;

[0099] the power-reception-side control circuit performing
control that the power reception device transmits a save com-
mand that requests power-saving power transmission to the
power transmission device when the full-charge detection
circuit has detected that the battery included in the load has
been fully charged and the frequency detection circuit has
detected that a power transmission frequency of the power
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transmission device is a frequency other than a power-saving
power transmission frequency;

[0100] the power-transmission-side control circuit chang-
ing power transmission from normal power transmission to
the power-saving power transmission when receiving the save
command from the power reception device during the normal
power transmission;

[0101] the power-transmission-side control circuit moni-
toring a load state of the power reception device during the
power-saving power transmission, and, when the power-
transmission-side control circuit has detected that the load
state of the power reception device has changed from a low-
load state to a high-load state when recharging of the battery
included in the load has started, the power-transmission-side
control circuit changing power transmission from the power-
saving power transmission to the normal power transmission;
and

[0102] the power-transmission-side control circuit chang-
ing power transmission from the power-saving power trans-
mission to the normal power transmission in a given cycle
during the power-saving power transmission, monitoring a
response from the power reception device relating to the
change from the power-saving power transmission to the
normal power transmission, again changing power transmis-
sion from the normal power transmission to the power-saving
power transmission when a save command that requests the
power-saving power transmission has been received from the
power reception device, and determining that the power
reception device has been removed when the power-transmis-
sion-side control circuit cannot receive the save command
from the power reception device and stopping continuous
power transmission.

[0103] Power-saving power transmission enables the bat-
tery to be easily recharged utilizing the battery charge man-
agement function of the load. Moreover, since a change in
load accompanying recharging is automatically detected so
that necessary power is promptly supplied, recharging
smoothly proceeds. In addition, unnecessary power transmis-
sion is automatically stopped due to detachment detection
during power-saving power transmission, whereby power
consumption is reduced. Therefore, a practical non-contact
power transmission system which can be used without worry
can be implemented. Since whether or not the battery has
been fully charged is detected using the charge management
function of the load and optionally using a charge level dis-
play function utilizing the light-emitting device, a convenient
system which can utilize the existing elements can be formed.
It suffices that the charge control device provided in the load
to manage battery charging in the same manner as in the case
of using an AC adaptor irrespective of whether or not non-
contact power transmission is used or whether power trans-
mission is normal power transmission or power-saving power
transmission. This makes it unnecessary to change the speci-
fication of the load (e.g., battery pack) of the power reception
device. This contributes to widespread use of this system.
[0104] (12) In the non-contact power transmission system
according to this embodiment,

[0105] the power transmission control device may intermit-
tently monitor the load state of the power reception device at
given intervals, the given intervals being shorter than inter-
vals when the power-transmission-side control circuit cycli-
cally changes power transmission from the power-saving
power transmission to the normal power transmission during
the power-saving power transmission.
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[0106] According to this configuration, power consump-
tion is reduced by causing the power transmission control
device to intermittently monitor a change in load state accom-
panying recharging. Moreover, power consumption is also
reduced by setting the interval of cyclically and compulsorily
changing the frequency for detachment detection to be longer
than the monitoring interval. Specifically, it is necessary to
minutely monitor the load in order to promptly supply power
when recharging has started. On the other hand, a problem
does not occur even if detachment detection is delayed to a
small extent. Therefore, the load is minutely monitored while
changing the frequency at longer intervals. This optimizes the
balance between a reduction in power consumption and a
detection delay.

[0107] (13) According to another embodiment, there is pro-
vided a power transmission device comprising:

[0108]

[0109] apower transmission section that generates an alter-
nating voltage and supplies the alternating voltage to the
primary coil.

[0110] This implements a power transmission device
which achieves appropriate power-saving power transmis-
sion.

[0111] (14)According to another embodiment of the inven-
tion, there is provided a power reception device comprising:

[0112] the above power reception control device; and

[0113] a power receiving section that converts an induced
voltage in a secondary coil into a direct voltage.

[0114] This implements a power reception device which
achieves appropriate power-saving power reception.

[0115] (15) According to another embodiment of the inven-
tion, there is provided an electronic instrument comprising
the above power transmission device

[0116] This enables a battery of an electronic instrument
(e.g., portable terminal) which performs non-contact power
transmission to be easily recharged while reducing power
consumption, whereby the performance of the electronic
instrument can be increased while increasing convenience.

[0117] (16) According to another embodiment of the inven-
tion, there is provided an electronic instrument comprising:

[0118]

[0119] a load, power being supplied to the load from the
power reception device.

[0120] This enables an electronic instrument as a charger
(e.g., cradle) which performs non-contact power transmis-
sion to be provided with a power-saving power transmission
function. Therefore, a battery of a power reception device can
be easily recharged while reducing power consumption,
whereby the performance of the electronic instrument can be
increased while increasing convenience.

[0121] As described above, some embodiments of the
invention enable a battery of a load to be recharged after the
battery has been fully charged utilizing non-contact power
transmission, and can easily implement such recharging.

[0122] Embodiments of the invention are described below
with reference to the drawings. Note that the embodiments
described below do not in any way limit the scope of the
invention defined by the claims laid out herein. Note that all
elements of the embodiments described below should not
necessarily be taken as essential requirements for the inven-
tion.

the above power transmission control device; and

the above power reception device; and
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First Embodiment

[0123] Electronic Instrument

[0124] FIGS. 1A and 1B are views showing examples of
electronic instruments utilizing non-contact power transmis-
sion. FIG. 1A is an oblique view showing a state in which a
portable telephone as a power reception device is placed on a
charger (cradle) as a power transmission device, and FIG. 1B
is a cross-sectional view showing the main portion of elec-
tronic instruments, illustrative of the principle of power trans-
mission from a power transmission device to a power recep-
tion device.

[0125] As shown in FIG. 1A, a charger 500 (cradle) (i.e.,
electronic instrument) includes a power transmission device
10. A portable telephone 510 (i.e., electronic instrument)
includes a power reception device 40. The portable telephone
510 also includes a display section 512 such as a liquid crystal
display (LCD), an operation section 514 which includes a
button or the like, a microphone 516 (sound input section), a
speaker 518 (sound output section), and an antenna 520.
[0126] Power is supplied to the charger 500 through an AC
adaptor 502. The power supplied to the charger 500 is trans-
mitted from the power transmission device 10 to the power
reception device 40 by means of non-contact power transmis-
sion. This makes it possible to charge a battery of the portable
telephone 510 or operate a device provided in the portable
telephone 510.

[0127] The electronic instrument to which this embodi-
ment is applied is not limited to the portable telephone 510.
For example, this embodiment may be applied to various
electronic instruments such as a wristwatch, a cordless tele-
phone, a shaver, an electric toothbrush, a wrist computer, a
handy terminal, a portable information terminal, and a power-
assisted bicycle.

[0128] As schematically shown in FIG. 1B, power trans-
mission from the power transmission device 10 to the power
reception device 40 is implemented by electromagnetically
coupling a primary coil L1 (power-transmission-side coil)
provided in the power transmission device 10 and a secondary
coil L2 (power-receiving-side coil) provided in the power
reception device 40 to form a power transmission trans-
former. This enables non-contact power transmission.
[0129] Specific configuration example of power transmis-
sion device, power transmission control device, power recep-
tion device, and power reception control device

[0130] FIG. 2 is a view showing an example of a specific
configuration of a power transmission device, a power trans-
mission control device, a power reception device, and a power
reception control device according to the invention.

[0131] A power-transmission-side electronic instrument
such as the charger 500 shown in FIG. 1A includes at least the
power transmission device 10 shown in FIG. 2. A power-
receiving-side electronic instrument such as the portable tele-
phone 510 includes at least the power reception device 40 and
a load 90 (actual load). The configuration shown in FIG. 2
implements a non-contact power transmission (contactless
power transmission) system in which power is transmitted
from the power transmission device 10 to the power reception
device 40 by electromagnetically coupling the primary coil
L1 and the secondary coil [.2, and power (voltage VOUT) is
supplied to the load 90 from a voltage output node NB7 of the
power reception device 40.

[0132] Thepower transmission device 10 (power transmis-
sion module or primary module) may include the primary coil
L1, a power transmission section 12, a voltage detection
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circuit 14, a display section 16, and a power transmission
control device 20. The power transmission device 10 and the
power transmission control device 20 are not limited to the
configuration shown in FIG. 2. Various modifications may be
made such as omitting some elements (e.g., display section
and voltage detection circuit), adding other elements, or
changing the connection relationship.

[0133] The power transmission section 12 generates an
alternating-current voltage at a given frequency during power
transmission, and generates an alternating-current voltage at
a frequency which differs depending on data during data
transfer. The power transmission section 12 supplies the gen-
erated alternating-current voltage to the primary coil L1.
FIGS. 3A and 3B are views illustrative of the principle of
information transmission from the primary-side instrument
to the secondary-side instrument or from the secondary-side
instrument to the primary-side instrument.

[0134] As shown in FIG. 3A, the power transmission sec-
tion 12 generates an alternating-current voltage at a frequency
f1 when transmitting data “1” to the power reception device
40, and generates an alternating-current voltage at a fre-
quency f2 when transmitting data “0” to the power reception
device 40, for example.

[0135] The power transmission section 12 may include a
first power transmission driver which drives one end of the
primary coil L1, a second power transmission driver which
drives the other end of the primary coil L1, and at least one
capacitor which forms a resonant circuit together with the
primary coil L1.

[0136] Each of the first and second power transmission
drivers included in the power transmission section 12 is an
inverter circuit (or buffer circuit) which includes a power
MOS transistor, for example, and is controlled by a driver
control circuit 26 of the power transmission control device 20.
[0137] The primary coil .1 (power-transmission-side coil)
is electromagnetically coupled with the secondary coil 1.2
(power-receiving-side coil) to form a power transmission
transformer. For example, when power transmission is nec-
essary, the portable telephone 510 is placed on the charger
500 so that a magnetic flux of the primary coil L1 passes
through the secondary coil 1.2, as shown in FIGS. 1A and 1B.
[0138] When power transmission is unnecessary, the
charger 500 and the portable telephone 510 are physically
separated so that a magnetic flux of the primary coil L1 does
not pass through the secondary coil L.2.

[0139] The voltage detection circuit 14 is a circuit which
detects the induced voltage in the primary coil L1. The volt-
age detection circuit 14 includes resistors RA1 and RA2 and
adiode DA1 provided between a connection node NA3 of the
resistors RA1 and RA2 and a power supply GND (low-po-
tential-side power supply in a broad sense), for example.
Specifically, a signal PHIN obtained by dividing the induced
voltage in the primary coil L1 using the resistors RA1 and
RA2 is input to a waveform detection circuit 28 of the power
transmission control device 20.

[0140] Thedisplay section 16 displays the state (e.g., power
transmission or ID authentication) of the non-contact power
transmission system using a color, an image, or the like. The
display section 16 is implemented by an LED, an LCD, or the
like.

[0141] The power transmission control device 20 is a
device which controls the power transmission device 10. The
power transmission control device 20 may be implemented
by an integrated circuit device (IC) or the like. The power
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transmission control device 20 may include a power-trans-
mission-side control circuit 22, an oscillation circuit 24, a
driver control circuit 26, and the waveform detection circuit
28.

[0142] The power-transmission-side control circuit 22 con-
trols the power transmission device 10 and the power trans-
mission control device 20. The power-transmission-side con-
trol circuit 22 may be implemented by a gate array, a
microcomputer, or the like. Specifically, the power-transmis-
sion-side control circuit 22 performs sequence control and a
determination process necessary for power transmission,
load detection, frequency modulation, foreign object detec-
tion, detachment detection, and the like.

[0143] The oscillation circuit 24 includes a crystal oscilla-
tion circuit, for example. The oscillation circuit 24 generates
a primary-side clock signal. The driver control circuit 26
generates a control signal at a desired frequency based on the
clock signal generated by the oscillation circuit 24, a fre-
quency setting signal from the control circuit 22, and the like,
and outputs the generated control signal to power transmis-
sion drivers DR1 and DR2 of the power transmission section
12 to control the power transmission drivers DR1 and DR2.

[0144] The waveform detection circuit 28 monitors the
waveform of the signal PHIN which corresponds to the
induced voltage at one end of the primary coil L1, and per-
forms load detection, foreign object detection, and the like.
For example, when a load modulation section 46 of the power
reception device 40 modulates load in order to transmit data
to the power transmission device 10, the signal waveform of
the induced voltage in the primary coil L1 changes as shown
in FIG. 3B.

[0145] Specifically, the amplitude (peak voltage) of the
signal waveform decreases when the load modulation section
46 reduces load in order to transmit data “0”, and the ampli-
tude of the signal waveform increases when the load modu-
lation section 46 increases load in order to transmit data “1”.
[0146] Therefore, the waveform detection circuit 28 can
determine whether the data from the power reception device
40 is “0” or “1” by determining whether or not the peak
voltage has exceeded a threshold voltage as a result of a
peak-hold process on the signal waveform of the induced
voltage, for example. Note that the waveform detection
method is not limited to the method shown in FIGS. 3A and
3B. For example, the waveform detection circuit 28 may
determine whether the power-receiving-side load has
increased or decreased using a physical quantity other than
the peak voltage.

[0147] The power reception device 40 (power reception
module or secondary module) may include the secondary coil
L2, a power reception section 42, the load modulation section
46, a power supply control section 48, and a power reception
control device 50. The power reception device 40 and the
power reception control device 50 are not limited to the con-
figuration shown in FIG. 2. Various modifications may be
made such as omitting some elements, adding other elements,
or changing the connection relationship.

[0148] Thepowerreception section 42 converts an alternat-
ing-current induced voltage in the secondary coil [.2 into a
direct-current voltage. A rectifier circuit 43 included in the
power reception section 42 converts the alternating-current
induced voltage. The rectifier circuit 43 includes diodes DB1
to DB4. The diode DB is provided between a node NB1 at
one end of the secondary coil L.2 and a node NB3 (direct-
current voltage VDC generation node), the diode DB2 is
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provided between the node NB3 and a node NB2 at the other
end of the secondary coil 1.2, the diode DB3 is provided
between the node NB2 and a node NB4 (VSS), and the diode
DB4 is provided between the nodes NB4 and NB1.

[0149] Resistors RB1 and RB2 of the power reception sec-
tion 42 are provided between the nodes NB1 and NB4. A
signal CCMPI obtained by dividing the voltage between the
nodes NB1 and NB4 using the resistors RB1 and RB2 is input
to a frequency detection circuit 60 of the power reception
control device 50.

[0150] A capacitor CB1 and resistors RB4 and RBS5 of the
power reception section 42 are provided between the node
NB3 (direct-current voltage VDC) and the node NB4 (VSS).
A signal ADIN obtained by dividing the voltage between the
nodes NB3 and NB4 using the resistors RB4 and RB5 is input
to a position detection circuit 56 of the power reception con-
trol device 50.

[0151] The load modulation section 46 performs a load
modulation process. Specifically, when the power reception
device 40 transmits desired data to the power transmission
device 10, the load modulation section 46 variably changes
the load of the load modulation section 46 (secondary side)
depending on transmission data to change the signal wave-
form of the induced voltage in the primary coil L1 as shown
in FIG. 3B.

[0152] The load modulation section 46 includes a resistor
RB3 and atransistor TB3 (N-type CMOS transistor) provided
in series between the nodes NB3 and NB4. The transistor TB3
is ON/OFF-controlled based on a signal P3Q from a control
circuit 52 of the power reception control device 50. When
performing load modulation by ON/OFF-controlling the
transistor TB3, transistors TB1 and TB2 of the power supply
control section 48 are turned OFF so that the load 90 is
electrically disconnected from the power reception device 40.

[0153] For example, when reducing the secondary-side
load (high impedance) in order to transmit data “0” (see FIG.
3B), the signal P3Q is set at the L. level so that the transistor
TB3 is turned OFF. As a result, the load of the load modula-
tion section 46 becomes almost infinite (no load). On the
other hand, when increasing the secondary-side load (low
impedance) in order to transmit data “1”, the signal P3Q is set
at the H level so that the transistor TB3 is turned ON. As a
result, the load ofthe load modulation section 46 becomes the
resistor RB3 (high load).

[0154] The power supply control section 48 controls power
supplied to the load 90. A regulator 49 regulates the voltage
level of the direct-current voltage VDC obtained by conver-
sion by the rectifier circuit 43 to generate a power supply
voltage VD5 (e.g., 5 V). The power reception control device
50 operates based on the power supply voltage VD5 supplied
from the power supply control section 48, for example.

[0155] The transistor TB2 (P-type CMOS transistor) is pro-
vided between a node NB5 (power supply voltage VD5 gen-
eration node) (output node of the regulator 49) and the tran-
sistor TB1 (node NB6), and is controlled based on a signal
P1Q from the control circuit 52 of the power reception control
device 50.

[0156] Specifically, the transistor TB2 is turned ON when
1D authentication has been completed (established) and nor-
mal power transmission is performed, and is turned OFF
during load modulation or the like. A pull-up resistor RU2 is
provided between the power supply voltage generation node
NBS5 and a node NB8 of the gate of the transistor TB2.
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[0157] Thetransistor TB1 (P-type CMOS transistor) is pro-
vided between the transistor TB2 (node NB6) and the voltage
VOUT output node NB7, and is controlled based on a signal
P4Q from an output assurance circuit 54. Specifically, the
transistor TB1 is turned ON when 1D authentication has been
completed and normal power transmission is performed. The
transistor TB1 is turned OFF when connection of an AC
adaptor has been detected or the power supply voltage VD5 is
lower than the operation lower limit voltage of the power
reception control device 50 (control circuit 52), for example.
A pull-up resistor RU1 is provided between the voltage output
node NB7 and a node NB9 of the gate of the transistor TB1.
[0158] The power reception control device 50 is a device
which controls the power reception device 40. The power
reception control device 50 may be implemented by an inte-
grated circuit device (IC) or the like. The power reception
control device 50 may operate based on the power supply
voltage VD5 generated from the induced voltage in the sec-
ondary coil L.2. The power reception control device 50 may
include the power-receiving-side control circuit 52, the out-
put assurance circuit 54, the position detection circuit 56, an
oscillation circuit 58, the frequency detection circuit 60, a
full-charge detection circuit 62, and a recharge monitoring
circuit 64.

[0159] The power-receiving-side control circuit 52 con-
trols the power reception device 40 and the power reception
control device 50. The power reception control circuit 52 may
be implemented by a gate array, a microcomputer, or the like.
Specifically, the control circuit 22 performs sequence control
and a determination process necessary for ID authentication,
position detection, frequency detection, load modulation,
full-charge detection, recharge monitoring, and the like.
[0160] The output assurance circuit 54 is a circuit which
assures the output from the power reception device 40 when
the voltage is low (0 V). For example, when connection of an
AC adaptor has been detected or the power supply voltage
VD5 is lower than the operation lower limit voltage, for
example, the output assurance circuit 54 causes the transistor
TB1 to be turned OFF to prevent a backward current flow
from the voltage output node NB7 to the power reception
device 40.

[0161] The position detection circuit 56 monitors the wave-
form of the signal ADIN which corresponds to the waveform
of the induced voltage in the secondary coil L2, and deter-
mines whether or not the positional relationship between the
primary coil L1 and the secondary coil 1.2 is appropriate.
Specifically, the position detection circuit 56 converts the
signal ADIN into a binary value using a comparator, and
determines whether or not the positional relationship between
the primary coil L1 and the secondary coil [.2 is appropriate.
[0162] The oscillation circuit 58 includes a CR oscillation
circuit, for example. The oscillation circuit 58 generates a
secondary-side clock signal. The frequency detection circuit
60 detects the frequency (f1 or £2) of the signal CCMPI, and
determines whether the data transmitted from the power
transmission device 10 is “1” or “0”, as shown in FIG. 3A.
[0163] The full-charge detection circuit 62 (charge detec-
tion circuit) is a circuit which detects whether or not a battery
94 of the load 90 has been fully charged (charging has been
completed).

[0164] Specifically, the full-charge detection circuit 62
detects the full-charge state by detecting whether a light-
emitting device (LEDR) (i.e., charge state indicator) used to
display the charge state is turned ON or OFF, for example.
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The full-charge detection circuit 62 determines that the bat-
tery (secondary battery) 94 is in a full-charge state (charging
has been completed) when the light-emitting device LEDR
has been turned OFF for a given period of time (e.g., five
seconds).

[0165] Theload90 includes a charge control device (charge
control IC) 92 which controls charging the battery (secondary
battery) 94 and the like. The charge control device 92 (charge
control IC) is provided in a battery pack, for example. The
charge control device 92 may be incorporated in the battery
(secondary battery) 94 (e.g., smart battery).

[0166] The charge control device (charge control IC) 92 has
a charge management function. Specifically, the charge con-
trol device (charge control IC) 92 has a function of accurately
detecting the charge level of the battery (secondary battery)
94, an overcharge prevention function (i.e., function of caus-
ing the switch provided in the power supply path to be turned
OFF to stop supplying power when the battery has been fully
charged), and a recharge function (i.e., function of causing the
switch provided in the power supply path to be turned ON to
start recharging the battery when the voltage of the battery has
decreased to a value lower than a given threshold value after
the battery has been fully charged), for example.

[0167] Since the charge control device (charge control IC)
92 plays an important role which enables proper charge man-
agement and safe handling of the battery 94, a rechargeable
load (e.g., battery pack) is generally provided with the func-
tions (i.e., charge level detection function, overcharge pre-
vention function, and recharge management function) of the
charge control device (charge control IC) 92.

[0168] Theload 90 includes a light-emitting diode (LEDR)
as a charge indicator. When a charge voltage (Vout) is sup-
plied to the battery 94, the light-emitting device (light-emit-
ting diode: LEDR) emits light using the charge voltage (Vout)
as a power supply voltage. The method of displaying a charge
state by causing a light-emitting device (LEDR) to emit light
is employed in most chargers. This method is widely used in
practice.

[0169] Outline of Power-Saving Mode
[0170] Basic Function of Power-Saving Mode
[0171] In the invention, continuous transmission of power

lower than that during normal power transmission is per-
formed after the battery 94 has been fully charged so that
power (power supply voltage) is supplied to the charge con-
trol device (charge control IC) 92 after the battery 94 has been
fully charged to maintain the operating state of the charge
control device (charge control IC) 92, thereby enabling
recharging. The power to be transmitted may be reduced by
changing a transmission frequency (i.e., frequency of a drive
clock signal of the power transmission section). The power to
be transmitted may be reduced without changing the trans-
mission frequency by using a variable inductance coil or a
variable capacitance capacitor as the element of the resonant
circuit, and changing the resonance characteristics of the
resonant circuit by changing the inductance or the capaci-
tance to change the resonance frequency (resonance peak).
Specifically, the power value of the resonant circuit becomes
a maximum at the resonance peak, and decreases as the reso-
nance frequency moves away from the resonance peak.
Therefore, the power to be transmitted can be reduced, even if
the frequency is the same as the frequency during normal
power transmission, by increasing the distance (i.e., fre-
quency difference) between the transmission frequency and
the resonance peak by changing the resonance characteris-
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tics, whereby power-saving power transmission can be imple-
mented. The method of implementing power-saving power
transmission by reducing the power to be transmitted without
changing the transmission frequency has an advantage in that
undesirable radiation noise which occurs due to a change in
transmission frequency can be prevented.

[0172] A power transmission mode in which a small
amount of power which can maintain the charge control
device (charge control IC) 92 in an operating state is continu-
ously transmitted from the power transmission device to the
power reception device after the battery has been fully
charged is referred to as “power-saving mode”, and power
transmission in the power-saving mode is referred to as
“power-saving power transmission”. The charge control
device (charge control IC) 92 may be incorporated in the load
(e.g., battery pack), or the charge control device may be
incorporated in the battery (e.g., smart battery). In either case,
the load includes the charge control device 92 (has the charge
management function of the charge control device).

[0173] The power-saving mode is a mode which mainly
enables recharging the battery after the battery has been fully
charged while reducing power consumption (power saving)
by suppressing unnecessary power transmission.

[0174] Specifically, when the portable telephone 510 is
placed on the charger 500 (cradle) and power is transmitted
from the power transmission device 10 to the power reception
device 40 to charge the battery (secondary battery) 94, as
shown in FIG. 1A, the battery 94 becomes fully charged with
the passage of time, and the charge operation is then stopped.
When the battery 94 is continuously placed on the charger
500, the voltage of the battery 94 gradually decreases with the
passage of time so that the battery 94 must be recharged.
When the battery 94 must be recharged, it is desirable to
supply power from the power transmission device 10 to the
power reception device 40 to recharge the battery 94.

[0175] In order to enable the charge control device 92 to
detect whether or not the battery 94 must be recharged and
start recharging as required, it is necessary to maintain the
charge control device 92 in an operating state by supplying
power (power supply voltage) to the charge control device 92
after the battery 94 has been fully charged. Specifically,
power must be continuously supplied from the power trans-
mission device 10 to the power reception device 40 after the
battery has been fully charged so that the charge control
device 92 is not reset.

[0176] Specifically, when power transmission from the
power transmission device is completely stopped as in the
technologies disclosed in JP-A-6-339232 and JP-A-11-
146569, since the recharge function of the charge control
measures 92 is turned OFF, it becomes impossible to recharge
the battery.

[0177] Inother words,if a power supply voltage (e.g., about
5 V) which maintains the charge control device (charge con-
trol IC) 92 in an operating state (a smart battery can maintain
the function of the charge control device 92 in an ON state) is
constantly transmitted from the power transmission device
after the battery has been fully charged, the charge control
device (charge control IC) 92 can perform the basic operation
such as charge level monitoring, recharge control, and over-
charge protection in the same manner as during charging.
Therefore, the battery 94 can be easily recharged.

[0178] In the invention, a small amount of power is con-
tinuously transmitted in the power-saving mode after the
battery has been fully charged based on the above consider-
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ation. Therefore, whether or not recharging is necessary can
be determined and recharging can be started after the battery
has been fully charged without adding a special configura-
tion.

[0179]

[0180] FIG. 4 is a view showing the resonance characteris-
tics of the induction coil and applications of frequencies. The
resonance characteristics of the primary coil .1 and the sec-
ondary coil 1.2 when the portable telephone 510 is placed on
the charger 500 (cradle) (i.e., when load exists with respect to
the power transmission device 10) (see FIG. 1A) have a
symmetrical and broad mountain shape, as shown in FIG. 4,
for example. In FIG. 4, the horizontal axis indicates the fre-
quency, and the vertical axis indicates the resonance peak
value.

[0181] InFIG.4,the frequency {1 is a frequency used when
transmitting “1” during normal power transmission. The fre-
quency f1 is a basic frequency during power transmission.
The frequency 12 is a frequency used when transmitting “0”
(see FIGS. 3A and 3B). A frequency 13 is a frequency used in
the power-saving mode. As is clear from FIG. 4, the relation-
ship “f1>2>13" is satisfied.

[0182] Charging Mode Recovery Operation when
Recharging has Started in Power-Saving Mode

[0183] When the charge control device (charge control IC)
92 has started a recharge operation in the power-saving mode,
it is necessary to cancel the power-saving mode and quickly
recover (restart) power transmission in the transmission mode
(charging mode) during normal charging in order to continu-
ously supply a sufficient amount of charging current.

[0184] In the invention, a quick recovery from the power-
saving mode to the charging mode is easily implemented. A
quick recovery from the power-saving mode to the charging
mode is implemented as follows, for example.

[0185] When the charge control device (charge control IC)
92 has started recharging the battery 94 in the power-saving
mode, the amount of current which flows through the power
supply path of the power supply control section 48 increases
rapidly so that the load increases. Specifically, the amount of
charging current increases, and the voltage of the input ter-
minal of the regulator 49 which functions as a power supply
circuit decreases. This phenomenon may be considered to
mean that load modulation has occurred due to recharging.

[0186] As described withreferenceto FIGS. 3A and 3B, the
signal waveform of the induced voltage in the primary coil L1
of'the power transmission device 10 changes as shown in FIG.
3B depending on the degree of load of the power reception
device 40. Specifically, the amplitude of the signal waveform
of the primary coil L1 increases as the load of the power
reception device 40 increases. Therefore, the power transmis-
sion device 10 can detect that the power reception device has
changed from a low-load state to a high-load state (i.e.,
recharging has started in the power-saving mode) by causing
the waveform detection circuit 28 of the power transmission
device 10 to determine whether or not the peak voltage has
exceeded a threshold voltage as a result of a peak-hold pro-
cess on the signal waveform of the induced voltage, for
example. This causes the power transmission control device
20 of the power transmission device 10 to switch the mode
from the power-saving mode to the normal charging mode so
that full-power power transmission starts, for example. This
enables the power reception device 40 to continue to recharge
the battery 94.

Frequency Used in Power-Saving Mode
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[0187] If the waveform detection circuit 28 of the power
transmission device 10 cyclically monitors a change in the
load of the power reception device 40 (change from a low-
load state to a high-load state) at short intervals, for example,
the waveform detection circuit 28 can immediately detect that
recharging has started in the power-saving mode so that the
mode can be quickly changed to the charging mode. In this
case, since the waveform detection circuit 28 intermittently
monitors a change in load, an increase in power consumption
of the waveform detection circuit 28 is suppressed. Note that
the waveform detection circuit 28 may constantly monitor a
change in load. This has an advantage in that the start of
recharging can be detected in real time.

[0188] Detection of Removal of Power Reception Device
in Power-Saving Mode

[0189] Since power is continuously transmitted in the
power-saving mode although the amount of power transmit-
ted is small, when the power reception device (e.g., portable
telephone) 40 has been removed in the power-saving mode,
unnecessary power is always transmitted in the power-saving
mode. This makes it impossible to deal with a demand for a
reduction in power consumption.

[0190] Specifically, when transmitting power in the power-
saving mode, it is necessary to cancel the power-saving mode
and stop continuous power transmission after the power
reception device 40 has been removed.

[0191] According to a preferred embodiment of the inven-
tion, the power transmission device cyclically checks
whether or not the power reception device 40 exists (i.e.,
whether or not the power reception device 40 has been
removed) in the power-saving mode.

[0192] Specifically, the power transmission control device
20 regularly and temporarily cancels the power-saving mode
and causes the power transmission device 10 to operate in the
normal charging mode. When the power reception device has
not been removed, the power reception device 40 detects a
change in power transmission frequency and transmits a
response (e.g., returns a save command which requests recov-
ery of power-saving power transmission) to the power trans-
mission device 10. The power transmission control device 20
changes power transmission from normal power transmission
to power-saving power transmission upon reception of the
response. When no response has been received, the power
transmission control device 20 determines that the power
reception device 40 has been removed and stops continuous
power transmission to minimize unnecessary power con-
sumption.

[0193] Specifically, when no response has been received,
the power transmission control device 20 may cause the
power transmission device 10 to operate in an initial mode in
which the power transmission device 10 intermittently trans-
mits power in order to detect whether or not the power recep-
tion device 40 has been placed on the charger, for example
(this measure is only an example). A situation in which the
power transmission device 10 continuously transmits power
although the power reception device 40 does not exists can be
reliably prevented by regularly performing removal detection
during power-saving power transmission, whereby unneces-
sary power consumption can be suppressed. Moreover,
removal (leave) of the power reception device can be easily
detected based on software without using a special hardware
configuration by employing a method which changes power
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transmission from power-saving power transmission to nor-
mal power transmission and waits for response from the
power reception device.

[0194] Configuration which Implements Power-Saving
Mode
[0195] FIG. 5 is a block diagram selectively showing the

configuration of the non-contact power transmission system
shown in FIG. 2 relating to implementation of the power-
saving mode.

[0196] The power transmission control device 20 included
in the power transmission device 10 implements normal
power transmission Or power-saving power transmission
depending on the charge state of the battery 94 of the load 90.
The power transmission control device 20 includes the
power-transmission-side control circuit 22 which includes a
frequency modulation section 23, the driver control circuit
26, and the waveform detection circuit 28.

[0197] The power transmission section 12 generates an
alternating-current voltage and drives the primary coil (L1).
The voltage detection circuit 14 detects the voltage induced in
the primary coil (LL1).

[0198] FIG. 6isa circuit diagram showing an example of an
internal circuit configuration of the voltage detection circuit
and the waveform detection circuit shown in FIG. 5.

[0199] As shown in FIG. 6, the voltage detection circuit 14
includes voltage-division resistors RA1 and RA2 and a diode
DA1 of which the cathode is connected to a common connec-
tion node NA3 of the voltage-division resistors RA1 and
RA2.

[0200] The waveform detection circuit 28 includes opera-
tional amplifiers OPA1 to OPA4 (comparators), a capacitor
CAl, and a reset N-type transistor TA1. The operational
amplifiers OPA1 and OPA2, the capacitor CA1, and the tran-
sistor TA1 form a peak detection circuit. Specifically, the peak
voltage of the detection signal PHIN from the voltage detec-
tion circuit 14 is held by a node NA4, and the peak voltage
signal held by the node NA4 is subjected to impedance con-
version by the voltage-follower-connected operational ampli-
fier OPA2 and is output to a node NAS. The peak voltage
signal held by the node NA4 is reset by the transistor TA1.
[0201] The operational amplifier OPA4 which forms a data
detection circuit compares the peak voltage signal at the node
NAS with a data detection threshold voltage VSIGH, and
outputs a data signal SIGH (“0” or “1”). The operational
amplifier OPA3 which forms a detachment detection circuit
compares the peak voltage signal at the node NAS with a
detachment detection threshold voltage VLEAV, and outputs
a detachment detection signal LEAV. The configuration of the
waveform detection circuit 28 is not limited to the configu-
ration shown in FIG. 6. Various modifications may be made
such as omitting some elements or adding other elements.
[0202] The configuration of the power reception device is
described below with reference to FIG. 5. The power recep-
tion device 40 is provided in the portable terminal (including
portable telephone terminal, PDA terminal, and portable
computer terminal) 510 as an electronic instrument. The
power reception device 40 includes the power reception sec-
tion 42, the load modulation section 46, the power supply
control section 48, and the power reception control device 50
(including the power-receiving-side control circuit 52 and the
full-charge detection circuit 62).

[0203] The load 90 is a battery pack, for example. The load
90 includes the charge control device (charge control IC) 92
and the battery (secondary battery) 94. The light-emitting
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device (LEDR) as a charge level indicator may be provided in
the load 90, or may be provided in the power reception device
40, or may be provided separately from the load 90 and the
power reception device 40.

[0204] The charge control device (charge control IC) 92 has
a charge management function. The term “charge manage-
ment function” includes at least a charge level detection func-
tion/charge level indicator function (i.e., function of control-
ling the on-operation of the light-emitting device LEDR), an
overcharge prevention function, and a recharge management
function of starting recharging when the battery voltage has
decreased to a value lower than a given value. In recent years,
a charge control device (charge control IC) 92 having such
functions is generally provided to a secondary battery in order
to provide safe charge management. The invention focuses on
this point and implements appropriate power-saving power
transmission directly utilizing the functions of the charge
control device (charge control IC) 92 to enable the battery 94
to be easily recharged.

[0205] The full-charge detection circuit 62 included in the
power reception device 40 determines that the battery 94 has
been fully charged when the light-emitting device (LEDR)
has been turned OFF for five seconds or more, for example.
Since the full-charge detection circuit 62 determines whether
or not the battery 94 has been fully charged based on the state
of'the light-emitting device (LEDR) as a charge level indica-
tor (i.e., whether or not a current flows through the light-
emitting device), whether or not the battery 94 has been fully
charged can be easily determined without providing a special
circuit. This means that the invention fully utilizes existing
circuit elements.

[0206] Although not shown in FIG. 5, the frequency detec-
tion circuit 60 included in the power reception device 40
shown in FIG. 2 plays an important role of detecting a com-
pulsory change in transmission frequency for removal detec-
tion from the power transmission device 10 in the power-
saving mode.

[0207] Operation from Full-Charge Detection to Power-
Saving Power Transmission: FIG. 7

[0208] An example of a specific procedure relating to a
transition to power-saving power transmission is described
below with reference to FIG. 7. FIG. 7 is a flowchart showing
an example of a specific procedure relating to a transition to
the power-saving mode when the battery has been fully
charged. In the following description, the power transmission
device 10 side (instrument) is referred to as a primary side
(primary-side instrument), and the power reception device 40
side (instrument) is referred to as a secondary side (second-
ary-side instrument).

[0209] InFIG.7,animportantstep relating to a transition to
the power-saving mode is indicated by a bold line.

[0210] InFIG. 7, the secondary-side instrument transmits a
start frame which requests charging (step S201), and the
light-emitting device (LEDR) as a charge indicator (charge
level indicator) is turned ON (step S202).

[0211] The primary-side instrument detects the start frame
(step S100), and starts normal power transmission at the
frequency f1 (step S101).

[0212] The secondary-side instrument performs normal
power reception (frequency f1) (step S203). The charge con-
trol device 92 performs the charge management operation
relating to the battery 94, as described above. Specifically, the
charge control device 92 performs charge level detection,
charge state display control by ON/OFF-controlling the light-
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emitting device (LEDR), detection of whether or not the
battery has been fully charged, overcharge prevention, detec-
tion of whether or not recharging is necessary, and recharg-
ing.

[0213] As indicated by a dotted line in FIG. 7, the charge
control device 92 detects whether or not the battery has been
fully charged (step 204), causes the light-emitting device
(LEDR) to be turned OFF (step S205), stops charging (step
S206), determines whether or not recharging is necessary
(step S207), causes the light-emitting device (LEDR) to be
turned ON when recharging is necessary (step S208), and
again starts charging (step 209).

[0214] The secondary-side (power-receiving-side) control
circuit 52 determines that the battery 94 has been fully
charged when the light-emitting device (LEDR) has been
turned OFF (step S205) for five seconds, for example (step
S210), and transmits the save frame to the primary-side
instrument when the frequency is other than the frequency 3
during power-saving power transmission (i.e., high frequency
1 or £2 during normal power transmission shown in FIG. 4)
(step S212).

[0215] The save frame contains a save command which
requests power-saving power transmission. The primary-side
(power-transmission-side) control circuit 22 detects the save
command transmitted from the secondary-side instrument
(step S102), and starts power-saving power transmission
(power transmission frequency f3) (step S103).

[0216] The secondary-side instrument performs power-
saving power-receiving operation so that the operating state
of the charge control device (charge control IC) 92 is main-
tained and the charge management function (including the
recharge management function) is not canceled (step S213).
This causes the battery 94 to be to immediately recharged
when it is necessary to recharge the battery 94.

[0217] FIG. 8 is a view illustrative of a reduction in power
consumption due to the power-saving mode. In FIG. 8, the
horizontal axis indicates the secondary-side load current, and
the vertical axis indicates the primary-side current consump-
tion. In FIG. 8, a characteristic line X indicated by a dotted
line shows characteristics during normal power reception,
and a characteristic line Y indicated by a solid line shows
characteristics during power-saving power reception. A point
P indicates a representative point of the secondary-side load
current in a standby state. An arrow Z in FIG. 8 indicates a
reduction in current consumption in a standby state.

[0218] As indicated by the arrow Z in FIG. 8, power-saving
power transmission significantly reduces power consumption
as compared with normal power transmission. Specifically,
since only a small amount of power which supplies a power
supply voltage (e.g., about 5 V) which merely causes the
charge control device 92 to operate is transmitted during
power-saving power transmission, an increase in power con-
sumption may be disregarded.

[0219] Switching to Normal Power Transmission Due to
Recharging after Power-Saving Power Transmission

[0220] FIG. 9 is a flowchart showing an example of a pro-
cess which switches power transmission from power-saving
power transmission to normal power transmission when
recharging has started after power-saving power transmis-
sion. In FIG. 9, an important step relating to the above process
is indicated by a bold line.

[0221] InFIG.9,the primary-side instrument is performing
power-saving power transmission (step S120), and the sec-
ondary-side instrument is performing-saving power recep-
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tion (step S230). The charge control device 92 constantly
performs control described with reference to FIG. 7, such as
determining whether or not recharging is necessary,
ON/OFF-controlling the light-emitting device (LEDR) as a
charge level indicator, starting charging, detecting whether or
not the battery has been fully charged, or stopping charging
(steps S231 to S236).

[0222] Suppose the case where the charge control device
(charge control IC) 92 has started recharging the battery 94 in
the power-saving mode utilizing the charge management
function (see steps S231 to S233). In this case, it is necessary
to transmit a sufficient amount of power from the primary-
side instrument (power transmission device 10) to the power
reception device 40 in order to continue to recharge the bat-
tery 94. However, necessary power cannot be transmitted by
power-saving power transmission.

[0223] Therefore, the primary-side power transmission
control device 20 (power-transmission-side control circuit
22) monitors the load state of the power reception device 40
with respect to the power transmission device 10. The load
state may be monitored constantly or intermittently at short
intervals. When the load state is monitored intermittently, a
change in the load state of the power reception device can be
detected in almost real time by reducing the monitoring inter-
val, whereby a delay in detection does not occur.

[0224] The load state is monitored using the voltage detec-
tion circuit 14, the waveform detection circuit 28, and the
power-transmission-side control circuit 22 of the primary-
side instrument. Specifically, since the amplitude of the
induced voltage in the primary coil L1 increases in a high-
load state, as shown in FIG. 3B, a change in the amplitude
may be detected using peak-hold technology or the like.

[0225] When the load state of the power reception device
40 has changed from a low-load state to a high-load state due
to recharging, the power transmission control device 20
quickly detects a change in load state (step S121), immedi-
ately changes power transmission from power-saving power
transmission to normal power transmission (step S122), and
transmits power necessary for recharging to the power recep-
tion device 40 (step S123).

[0226] Therefore, a sufficient amount of power is supplied
to the power reception device immediately after recharging
has started. The secondary-side instrument performs normal
power reception (frequency f1), and supplies power to the
load 90 to effect recharging (step S237). When the battery has
been again fully charged (step S238), the secondary-side
instrument checks that the power transmission frequency is
not the power-saving transmission frequency (f3) (step
S239), and transmits the save frame (including save com-
mand) to the primary-side instrument (step S240). This
causes power-saving power transmission to again start (step
S120).

[0227] As described above, when the battery 94 is
recharged after power-saving power transmission, the pri-
mary-side instrument can automatically detect that the bat-
tery 94 is recharged without notification from the secondary-
side instrument and resume normal power transmission. Such
control can be easily implemented based on software. There-
fore, a very efficient recharging control can be implemented.
[0228]

[0229] FIG. 10 is a flowchart showing an example of a
specific procedure relating to a removal (leave) detection

Detection of Removal after Power-Saving Mode
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process after the power-saving mode. In FIG. 10, an impor-
tant step directly relating to removal (leave) detection is indi-
cated by a bold line.

[0230] The operation of the secondary-side instrument in
FIG. 10 is basically the same as the operation shown in FIGS.
5 and 7. Specifically, the secondary-side power reception
control device 50 (power-receiving-side control circuit 52)
performs power-saving power reception (step S230), per-
forms normal power reception (power transmission fre-
quency 1) (step S237), performs full-charge detection (step
S238), checks whether or not the power transmission fre-
quency is other than the power-saving power transmission
frequency 13 (step S239), and transmits the save frame (step
S240).

[0231] The charge control device (charge control IC) 92
constantly performs control described with reference to
FIGS. 7 and 9, such as determining whether or not recharging
is necessary (step S221), ON/OFF-controlling the light-emit-
ting device (LEDR) as a charge level indicator (steps S222
and S225), starting charging (step S223), detecting whether
or not the battery has been fully charged (step S224), or
stopping charging (steps S226).

[0232] The characteristic point is that the primary-side
instrument cyclically changes the power transmission fre-
quency from the frequency 3 to the frequency f1 during
power-saving power transmission in order to detect removal
(leave) of the secondary-side instrument (step S111) to tem-
porarily resume normal power transmission (step S12).
[0233] When the secondary-side device (electronic instru-
ment including the power reception device 40) has been
removed, no response is sent for a change in frequency. On the
other hand, when the secondary-side device has not been
removed, the save frame (including the save command) is
returned through the processes in the steps S227 to S229.
[0234] Therefore, the primary-side instrument determines
whether or not the save command is returned from the sec-
ondary-side instrument corresponding to a change in power
transmission frequency (S113). When the save command has
been returned, the primary-side instrument determines that
the secondary-side device has not been removed, and returns
the power transmission frequency from the frequency f1 to
the frequency f3 to resume power-saving power transmission
(step S110). On the other hand, when the save command has
not been returned, the primary-side instrument carefully
determines whether or not the secondary-side device has been
removed by repeating the above process (step S114), stops
continuous power transmission, and then returns to an initial
authentication mode in which the primary-side instrument
intermittently transmits power, for example (step S115).
[0235] As described above, removal (leave) of the second-
ary-side instrument during power-saving power transmission
can be detected based on software with using special hard-
ware, whereby a situation in which continuous power trans-
mission is performed even if the secondary-side instrument
has been removed can be reliably prevented. Therefore, safety
and low power consumption can be ensured even when per-
forming power-saving power transmission.

[0236] As described above, some embodiments of the
invention achieve the following effects, for example. Note
that the following effects are not necessarily achieved at the
same time. Accordingly, the following effects do not in any
way limit the scope of the invention.

[0237] (1) The charge management function of the load
(charge control device) can be maintained by performing
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power-saving power transmission after the battery has been
fully charged. Accordingly, when it is necessary to recharge
the battery due to a discharge after the battery has been fully
charged, the charge management function of the load causes
the battery to be recharged automatically. Therefore, the bat-
tery can be easily recharged. Moreover, power-saving power
transmission transmits only a small amount of power which
merely maintains the battery charge management function of
the load. Specifically, power consumption is sufficiently
reduced during power-saving power transmission. Therefore,
a problem relating to power consumption does not occur.
[0238] (2) Normal power transmission can be changed to
power-saving power transmission at an appropriate timing by
causing the secondary-side instrument to transmit the save
command (information relating to the full-charge state of the
battery) which requests power-saving power transmission
and changing power transmission to power-saving power
transmission based on the save command.

[0239] (3) The power transmission control device monitors
a change in load due to recharging the battery during power-
saving power transmission, and immediately changes power
transmission from power-saving power transmission to nor-
mal power transmission when the start of recharging has been
detected. Therefore, a sufficient amount of power necessary
for recharging can be quickly supplied to the power reception
device so that the battery can be continuously recharged.
[0240] (4) Power consumption can be reduced by causing
the power transmission control device to intermittently moni-
tor the load state of the power reception device. A change in
the load state of the power reception device can be detected in
almost real time by reducing the monitoring interval. This
prevents a problem in which a delay in detection occurs.
[0241] (5) The power transmission control device compul-
sorily changes power transmission from power-saving power
transmission to normal power transmission in a given cycle
during power-saving power transmission, and monitors a
response to the change from the power reception device to
automatically detect detachment. Therefore, a situation in
which the power transmission device continuously transmits
power although the power reception device does not exists
can be reliably prevented, whereby unnecessary power con-
sumption can be suppressed. Moreover, since heat generation
does not occur, the safety of the non-contact power transmis-
sion system can be ensured. Moreover, removal of the power
reception device can be easily detected based on software
without using a special hardware configuration by employing
a method which changes power transmission from power-
saving power transmission to normal power transmission and
waits for response from the power reception device.

[0242] (6) The power reception control device detects
whether or not the battery of the load has been fully charged,
and transmits information (e.g., save command) relating to
whether or not the battery has been fully charged to the power
transmission device, whereby power transmission can be
changed from normal power transmission to power-saving
power transmission.

[0243] (7) The save command is transmitted to the power
transmission device (primary side) when the battery has been
fully charged (first condition) and the power transmission
frequency from the power transmission device is a frequency
other than the power-saving power transmission frequency
(second condition). Therefore, aleave command can be trans-
mitted to the primary-side instrument when the battery has
been fully charged during normal power transmission and
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when the transmission frequency is compulsory changed for
detachment detection. Since this requires simple control,
implementation is facilitated.

[0244] (8) Since whether or not the battery has been fully
charged is determined based on the ON/OFF state of the
light-emitting device (e.g., LED), it is unnecessary to provide
a special circuit in order to determine whether or not the
battery has been fully charged. This simplifies the circuit
configuration.

[0245] (9) Since the battery is determined to have been fully
charged when the light-emitting device is turned OFF for a
given period of time, a situation does not occur in which
power-saving power transmission suddenly occurs even if the
battery has not been fully charged.

[0246] (10) In the non-contact power transmission system
according to the invention, power-saving power transmission
enables the battery to be easily recharged utilizing the battery
charge management function of the load. Moreover, since a
change in load accompanying recharging is automatically
detected so that necessary power is promptly supplied,
recharging smoothly proceeds. In addition, unnecessary
power transmission is automatically stopped due to detach-
ment detection during power-saving power transmission,
whereby power consumption is reduced. Therefore, a practi-
cal non-contact power transmission system which can be used
without worry can be implemented. Since whether or not the
battery has been fully charged is detected using the charge
management function of the load and optionally using a
charge level display function utilizing the light-emitting
device, a convenient system which can utilize the existing
elements can be formed. It suffices that the charge control
device provided in the load to manage battery charging in the
same manner as in the case of using an AC adaptor irrespec-
tive of whether or not non-contact power transmission is used
or whether power transmission is normal power transmission
or power-saving power transmission. This makes it unneces-
sary to change the specification of the load (e.g., battery pack)
of'the power reception device. This contributes to widespread
use of this system.

[0247] (11) Power consumption is reduced by causing the
power transmission control device to intermittently monitor a
change in load state accompanying recharging. Power con-
sumption can be further reduced by setting the interval of
cyclically and compulsorily changing the frequency for
detachment detection to be longer than the load monitoring
interval.

[0248] (12) A power transmission device which achieves
appropriate power-saving power transmission can be imple-
mented.

[0249] (13) A power reception device which achieves
appropriate power-saving power reception can be imple-
mented.

[0250] (14) A battery of an electronic instrument (e.g., por-
table terminal) which performs non-contact power transmis-
sion can be easily recharged while reducing power consump-
tion, whereby the performance of the electronic instrument
can be increased while increasing convenience.

[0251] (15) An electronic instrument as a charger (e.g.,
cradle) which performs non-contact power transmission can
be provided with a power-saving power transmission func-
tion. Therefore, the battery of the power reception device can
be easily recharged while reducing power consumption,
whereby the performance of the electronic instrument can be
increased while increasing convenience.

Aug. 21, 2008

[0252] (16) As described above, the battery of the load can
be recharged after the battery has been fully charged utilizing
non-contact power transmission, whereby a high-perfor-
mance battery charge control technology can be established
which utilizes non-contact power transmission and can be
used without worry.

[0253] The invention has been described above relating to
the embodiments. Note that the invention is not limited to the
above embodiments. Various modifications and variations
may be made. Specifically, many modifications are possible
in the embodiments without materially departing from the
novel teachings and advantages of the invention.

[0254] Accordingly, such modifications are intended to be
included within the scope of the invention. Any term (e.g.,
GND and portable telephone/charger) cited with a different
term (e.g., low-potential-side power supply and electronic
instrument) having a broader meaning or the same meaning at
least once in the specification and the drawings can be
replaced by the different term in any place in the specification
and the drawings. Any combinations of the embodiments and
the modifications are also included in the scope of the inven-
tion.

[0255] The configurations and the operations of the power
transmission control device, the power transmission device,
the power reception control device, and the power reception
device, the full-charge state/recharge state detection method,
and the recharging method are not limited to those described
relating to the above embodiments. Various modifications and
variations may be made.

[0256] At least one embodiment of the invention contrib-
utes to a safe and high-performance battery charge control
technology utilizing non-contact power transmission. There-
fore, the invention may be utilized for a power transmission
control device (power transmission control IC), a power
reception control device (power reception control IC), a non-
contact power transmission system, a power transmission
device (e.g., IC module), a power reception device (e.g., IC
module), an electronic instrument (e.g., portable terminal or
charger), and the like.

What is claimed is:

1. A power transmission control device provided in a power
transmission device of a non-contact power transmission sys-
tem, the non-contact power transmission system transmitting
power from the power transmission device to a power recep-
tion device by electromagnetically coupling a primary coil
and a secondary coil to transmit the power to a load of the
power reception device, the power transmission control
device comprising:

a power-transmission-side control circuit that controls the

power transmission device,

when the power transmission device has detected that a

battery included in the load has been fully charged, the
power-transmission-side control circuit stopping nor-
mal power transmission to the power reception device
and performing power-saving power transmission that
transmits a small amount of power as compared with the
normal power transmission.

2. The power transmission control device as defined in
claim 1,

the load of the power reception device including a charge

control device that manages charging the battery; and
the power transmission device controlling power transmis-
sion so that the charge control device maintains an oper-
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ating state, even after the battery has been fully charged,
during the power-saving power transmission.
3. The power transmission control device as defined in
claim 1,
the power-transmission-side control circuit changing
power transmission from the normal power transmission
to the power-saving power transmission when receiving
a save command that requests the power-saving power
transmission from the power reception device.
4. The power transmission control device as defined in
claim 1,
the power-transmission-side control circuit monitoring a
load state of the power reception device during the
power-saving power transmission; and
when the power-transmission-side control circuit has
detected that the load state of the power reception device
has changed from a low-load state to a high-load state by
starting recharge of the battery included in the load, the
power-transmission-side control circuit changing power
transmission from the power-saving power transmission
to the normal power transmission.
5. The power transmission control device as defined in
claim 4,
the power-transmission-side control circuit intermittently
monitoring the load state of the power reception device
at given intervals during the power-saving power trans-
mission.
6. The power transmission control device as defined in
claim 1,
the power-transmission-side control circuit changing
power transmission from the power-saving power trans-
mission to the normal power transmission in a given
cycle during the power-saving power transmission, and
monitoring a response from the power reception device
relating to the change from the power-saving power
transmission to the normal power transmission;
the power-transmission-side control circuit again changing
power transmission from the normal power transmission
to the power-saving power transmission when receiving
a save command that requests the power-saving power
transmission from the power reception device; and
when the power-transmission control circuit cannot
receive the save command from the power reception
device, the power-transmission-side control circuit
determining that the power reception device has been
removed and stopping continuous power transmission.
7. A power reception control device provided in a power
reception device of a non-contact power transmission system,
the non-contact power transmission system transmitting
power from a power transmission device to the power recep-
tion device by electromagnetically coupling a primary coil
and a secondary coil to transmit the power to a load of the
power reception device, the power reception control device
comprising:
a power-reception-side control circuit that controls the
power reception device,
when a battery included in the load has been fully charged,
the power-reception-side control circuit performing
control that the power reception device transmits infor-
mation that indicates that the battery has been fully
charged to the power transmission device.
8. The power reception control device as defined in claim 7,
the power-reception-side control circuit performing con-
trol that the power reception device transmits a save
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command that requests power-saving power transmis-
sion to the power transmission device when the power
reception control device has detected that the battery has
been fully charged and a power transmission frequency
of the power transmission device is a frequency other
than a power-saving power transmission frequency.

9. The power reception control device as defined in claim 8,

the power reception control device further including:

a full-charge detection circuit that detects whether or not

the battery has been fully charged; and
a frequency detection circuit that detects the power trans-
mission frequency of the power transmission device,

the full-charge detection circuit detecting whether or not
the battery has been fully charged based on an ON/OFF
state of a light-emitting device that indicates a charge
state of the battery; and

the power-reception-side control circuit determining

whether or not the power transmission frequency of the
power transmission device is a frequency other than the
power-saving power transmission frequency based on a
detection result of the frequency detection circuit.

10. The power reception control device as defined in claim
95

the full-charge detection circuit determining that the bat-

tery has been fully charged when the light-emitting
device has been successively turned OFF for a given
period of time.

11. A non-contact power transmission system comprising a
power transmission device and a power reception device, the
non-contact power transmission system transmitting power
from the power transmission device to the power reception
device by electromagnetically coupling a primary coil and a
secondary coil to transmit the power to a load of the power
reception device,

the power transmission device including a power-transmis-

sion-side control circuit that controls the power trans-
mission device;

the power reception device including:

a power-reception-side control circuit that controls the

power reception device;

a full-charge detection circuit that detects whether or not a

battery has been fully charged; and

a frequency detection circuit that detects a power transmis-

sion frequency of the power transmission device;
the load of the power reception device including:
the battery; and
a charge control device that manages charging the battery,
detects that the battery requires recharging after the bat-
tery has been fully charged, and recharges the battery;

the power-reception-side control circuit performing con-
trol that the power reception device transmits a save
command that requests power-saving power transmis-
sion to the power transmission device when the full-
charge detection circuit has detected that the battery
included in the load has been fully charged and the
frequency detection circuit has detected that a power
transmission frequency of the power transmission
device is a frequency other than a power-saving power
transmission frequency;

the power-transmission-side control circuit changing

power transmission from normal power transmission to
the power-saving power transmission when receiving
the save command from the power reception device dur-
ing the normal power transmission;
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the power-transmission-side control circuit monitoring a
load state of the power reception device during the
power-saving power transmission, and, when the power-
transmission-side control circuit has detected that the
load state of the power reception device has changed
from a low-load state to a high-load state when recharg-
ing of the battery included in the load has started, the
power-transmission-side control circuit changing power
transmission from the power-saving power transmission
to the normal power transmission; and

the power-transmission-side control circuit changing
power transmission from the power-saving power trans-
mission to the normal power transmission in a given
cycle during the power-saving power transmission,
monitoring a response from the power reception device
relating to the change from the power-saving power
transmission to the normal power transmission, again
changing power transmission from the normal power
transmission to the power-saving power transmission
when a save command that requests the power-saving
power transmission has been received from the power
reception device, and determining that the power recep-
tion device has been removed when the power-transmis-
sion-side control circuit cannot receive the save com-
mand from the power reception device and stopping
continuous power transmission.

12. The non-contact power transmission system as defined

in claim 11,
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the power transmission control device intermittently moni-
toring the load state of the power reception device at
given intervals, the given intervals being shorter than
intervals when the power-transmission-side control cir-
cuit cyclically changes power transmission from the
power-saving power transmission to the normal power
transmission during the power-saving power transmis-
sion.

13. A power transmission device comprising:

the power transmission control device as defined in claim
1; and

a power transmission section that generates an alternating
voltage and supplies the alternating voltage to the pri-
mary coil.

14. A power reception device comprising:

the power reception control device as defined in claim 7;
and

a power receiving section that converts an induced voltage
in a secondary coil into a direct voltage.

15. An electronic instrument comprising the power trans-

mission device as defined in claim 13.

16. An electronic instrument comprising:

the power reception device as defined in claim 14; and

a load, power being supplied to the load from the power
reception device.





