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(57) ABSTRACT

High frequency power supplied to the primary coil from the
high frequency power supply is transferred to the secondary
coil by magnetic induction, and secondary coil AC is rec-
tified to charge the battery pack housed in the portable
electronic equipment. The battery charger is provided with
internal batteries that are charged by input power and supply
power to the high frequency power supply, and with a
charging circuit to charge the internal batteries. The external
case is provided with storage space between its top plate and
bottom plate, and internal batteries, which are rectangular
batteries, and a planar primary coil wound in a spiral shape
are disposed in that storage space. The battery charger
charges the internal batteries with input power, and when no
power is input, internal battery power is converted to high
frequency power and supplied to the primary coil to charge
the battery pack.
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BATTERY CHARGER

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] This invention relates to a battery charger without
electrical contacts, and to the combination of this battery
charger without electrical contacts and portable electronic
equipment.

[0003] 2. Description of Related Art

[0004] A battery charger without electrical contacts is
cited, for example, in Japanese Patent Application Disclo-
sure 2005-6440. In this type of battery charger, a battery
pack contained in portable electronic equipment can be
charged by placing the portable electronic equipment on top
of the battery charger without connecting any electrical
connectors or contacts. Consequently, the battery charger
has the characteristic that batteries inside portable electronic
equipment of various different forms can be charged by
setting the electronic equipment on a single battery charger
with no electrical contacts. For example, this characteristic
allows use of many different forms of portable electronic
equipment, and is particularly convenient for charging por-
table telephones, which rapidly change model styles.

[0005] The battery charger without electrical contacts
cited in the Japanese Patent Application Disclosure 2005-
6440 is provided with a pocket for inserting portable elec-
tronic equipment on a charging pad having a primary coil as
shown in FIG. 5 of that disclosure. A secondary coil is
housed in the portable electronic equipment. The secondary
coil of the portable electronic equipment inserted in the
pocket magnetically couples to the primary coil. Conse-
quently, if high frequency electrical power is supplied to the
primary coil, high frequency electrical power is induced in
the secondary coil. The portable electronic equipment con-
verts the alternating current (AC) induced in the secondary
coil to direct current (DC) to charge batteries housed in the
electronic equipment.

[0006] In the battery charger without electrical contacts of
Japanese Patent Application Disclosure 2005-6440, the
charging pad is connected to a high frequency power supply
via wire leads and high frequency electrical power is sup-
plied to the primary coil. Specifically, high frequency elec-
trical power is input from wire leads to charge batteries in
the portable electronic equipment placed in the pocket of the
charging pad. Portable electronic equipment batteries cannot
be charged unless the wire leads of this battery charger are
connected to a high frequency power supply. In practical
application, there are time constraints on portable electronic
equipment such as the portable telephone, and there can be
times when it is necessary to disconnect and take a telephone
away from the battery charger in a state of incomplete
charge. For this type of usage, the battery charger without
electrical contacts of Japanese Patent Application Disclosure
2005-6440 can become unable to charge the batteries of the
portable electronic equipment.

[0007] The present invention was developed to resolve
this drawback. Thus, it is a primary object of the present
invention to provide a battery charger without electrical
contacts that can charge portable electronic equipment bat-
teries even when input power has been cut-off.
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SUMMARY OF THE INVENTION

[0008] The battery charger without electrical contacts of
the present invention is provided with the following struc-
ture to achieve the object above. The battery charger without
electrical contacts is provided with a primary coil 13 that
magnetically couples with a secondary coil 33 housed in the
portable electronic equipment 30, a high frequency power
supply 14 that supplies high frequency power to the primary
coil 13, and an external case 11 to house the primary coil 13
and high frequency power supply 14. In this battery charger,
the high frequency power supply 14 converts input power to
high frequency power and supplies it to the primary coil 13.
High frequency power in the primary coil 13 is conveyed to
the secondary coil 33 by magnetic induction, and secondary
coil 33 AC is rectified to charge the battery pack housed in
the portable electronic equipment. The battery charger is
also provided with internal batteries 12 that are charged by
input power to supply power to the high frequency power
supply 14, and a charging circuit 15 that charges the internal
batteries 12 with input power. The external case 11 is formed
as a flat panel of given thickness providing storage space 18
to hold the internal batteries 12 between a top plate 11A and
bottom plate 11B. The internal batteries 12 housed in the
storage space 18 of the external case 11 are rectangular
batteries. These rectangular batteries are held in the storage
space 18 with opposing flat sides 12a disposed parallel to the
top plate 11A and bottom plate 11B. In addition, a planar,
spirally wound primary coil 13 is disposed in the storage
space 18 or top plate 11A of the external case 11. The battery
charger charges the internal batteries 12 with input power.
When power is not input to the battery charger, power is
supplied to the high frequency power supply 14 from the
internal batteries 12, converted to high frequency power, and
supplied to the primary coil 13 to charge the portable
electronic equipment 30 battery pack.

[0009] The battery charger without electrical contacts
described above has the characteristic that the battery pack
of portable electronic equipment can be charged even when
external power is not being input to the battery charger. This
is because the battery charger of the present invention
contains internal batteries and a charging circuit. When no
external power is input, the internal batteries supply power
to the high frequency power supply, the high frequency
power supply outputs high frequency power to the primary
coil, and electric power is transferred to the portable elec-
tronic equipment via the primary coil to allow the battery
pack to be charged. In addition, the external case of the
battery charger, which houses the primary coil, the high
frequency power supply, and internal batteries, is in the form
of'a flat panel that provides storage space between its top and
bottom plates. The internal batteries are rectangular batter-
ies, which are disposed in the storage space with opposing
flat sides parallel to the top and bottom plates. Further, the
primary coil is wound in a spiral shape in a single plane.
Consequently, the overall battery charger is lightweight,
thin, small, and convenient to carry.

[0010] The internal batteries 12 of the battery charger
without electrical contacts of the present invention can be
lithium ion rechargeable batteries or lithium polymer bat-
teries.

[0011] The battery charger has the characteristic that while
overall it is lightweight, thin, small, and convenient to carry,
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battery pack batteries of portable electronic equipment can
be charged sufficiently even out where external power input
is unavailable. This is because lithium ion rechargeable
batteries or lithium polymer batteries are used, and they are
rectangular batteries that have large capacity per unit vol-
ume.

[0012] The battery charger without electrical contacts of
the present invention is provided with DC input terminals 17
in the external case 11, and those DC input terminals 17 can
be connected to the high frequency power supply 14 and the
charging circuit 15.

[0013] There is no necessity for the external case of the
battery charger to house a large, heavy power supply for
commercial AC power, and the external case can be made in
a remarkably lightweight, thin, small, and convenient to
carry configuration. This is because DC input terminals are
provided in the external case, and these DC input terminals
are connected to the high frequency power supply and
charging circuit.

[0014] In the battery charger without electrical contacts of
the present invention, the DC input terminals 17 comprise
AC adapter connection terminals 17A and USB terminals
17B. The connection terminals 17A and the USB terminals
17B can be connected to the high frequency power supply 14
and the charging circuit 15. The DC input terminals 17 can
be disposed on the side of the external case 11.

[0015] In addition, since DC input terminals comprising
AC adapter connection terminals and USB terminals are
provided, the battery charger can be connected to an AC
adapter via the connection terminals, or a computer via the
USB terminals to charge the battery pack of portable elec-
tronic equipment. Therefore, the portable electronic equip-
ment battery pack can also be charged without an AC
adapter by using a computer. In particular, the battery
charger of the present invention has the characteristic that
with AC adapter or USB connections in place, wire leads are
parallel with the flat panel external case and the unit does not
become bulky. This is because the DC input terminals are
disposed on the side of the external case and do not increase
the thickness of the external case.

[0016] The internal batteries 12, primary coil 13, high
frequency power supply 14, and charging circuit 15 can be
disposed in the same plane inside the storage space in the
external case 11 of the battery charger without electrical
contacts of the present invention.

[0017] The external case of this battery charger can be
made especially thin and convenient to carry. This is because
the internal batteries, primary coil, high frequency power
supply, and charging circuit are disposed in a single plane in
the storage space of the external case. Further, since the
primary coil and internal batteries are not stacked or over-
lapping and can be separated in a planar fashion, effects of
the primary coil on the internal batteries can be minimized.
In particular, since the primary coil is planar and wound in
a spiral shape, lines of magnetic force radiate out in a
direction perpendicular relative to the plane of the coil. The
internal batteries are not disposed directly in the direction of
the coil’s lines of magnetic force, and are protected against
adverse effects of the coil’s magnetic field. For example,
internal batteries are protected against magnetic induction in
the battery case (eddy currents or Foucault currents) that can
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cause adverse effects such as battery heating. Further, since
the magnetic field from the primary coil does not affect the
internal batteries, the characteristic of higher efficiency
transfer of electrical power from the primary coil to the
secondary coil can be realized.

[0018] The battery charger without electrical contacts of
the present invention can house a plurality of internal
batteries 12 in the same plane inside the storage space 18 in
the external case 11.

[0019] This battery charger has the characteristic that the
case can be made thin while charge capacity is increased by
housing a plurality of internal batteries. This is because a
plurality of batteries can be disposed in a single plane in the
storage space of the external case.

[0020] In the combination of the battery charger without
electrical contacts and portable electronic equipment of the
present invention, the battery pack 31, 51 housed in the
portable electronic equipment 30 is provided with a second-
ary coil 33 and a rectifying circuit 34 that rectifies AC
induced in the secondary coil 33. Rectifying circuit 34
output is input to the portable electronic equipment.

[0021] With this structure, since the battery pack housed in
the portable electronic equipment is provided with a sec-
ondary coil and a rectifying circuit to rectify AC induced in
the secondary coil, and since rectifying circuit output is
input to the portable electronic equipment, the battery pack
can be efficiently charged by electrical power induced in the
secondary coil. This is because electrical power induced in
the secondary coil is not stabilized prior to transfer to the
portable electronic equipment, and no power loss results due
to stabilization.

[0022] In the combination of the battery charger without
electrical contacts and portable electronic equipment of the
present invention, the battery pack 51 contained in the
portable electronic equipment can house a full charge detec-
tion circuit 59 to detect rechargeable battery full charge. The
battery charger 10 can house a charge termination circuit 29
to suspend charging when it detects a full charge signal
output from the full charge detection circuit 59.

[0023] With this configuration, the battery charger can
switch the power supply off after the battery pack has been
fully charged to prevent wasted power consumption. This is
because the battery pack housed in the portable electronic
equipment contains a full charge detection circuit to detect
rechargeable battery full charge and issue a full charge
signal, and the battery charger contains a charge termination
circuit to detect the full charge signal and stop charging. In
particular, this configuration can effectively prevent wasted
internal battery power consumption when the portable elec-
tronic equipment battery pack is charged via internal bat-
teries in the battery charger.

[0024] In the combination of the battery charger without
electrical contacts and portable electronic equipment of the
present invention, the battery pack 31 can be provided with
a rectangular battery having two opposing flat surfaces 32a.
The secondary coil 33 can be disposed on a flat surface 32a
of the rectangular battery via an electromagnetic absorption
layer 44.

[0025] In the combination of the battery charger without
electrical contacts and portable electronic equipment of the
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present invention, the electromagnetic absorption layer 44
can be provided with a recessed region 45 and the secondary
coil 33 can be disposed in that recessed region 45.

[0026] In the combination of the battery charger without
electrical contacts and portable electronic equipment of the
present invention, the secondary coil 33 can be inserted and
fixed in the electromagnetic absorption layer 44 by insertion
molding.

[0027] In the combination of the battery charger without
electrical contacts and portable electronic equipment of the
present invention, the secondary coil 33 can be sandwiched
between an electromagnetic absorption layer 48 and a lami-
nate 46.

[0028] Since the rechargeable battery in the battery pack
described above is a rectangular battery with two opposing
flat surfaces and the secondary coil is disposed on a flat
surface via an electromagnetic absorption layer, the
rechargeable battery can be protected from the effects of the
magnetic field of the primary coil. In particular, by providing
a recessed region in the electromagnetic absorption layer
and housing the secondary coil in the recessed region, by
fixing the secondary coil in the electromagnetic absorption
layer by insertion molding, or by sandwiching the secondary
coil between the electromagnetic absorption layer and a
laminate, the unit has the characteristic that the electromag-
netic absorption layer and secondary coil can be attached to
a flat surface of the rectangular battery in a simple manner.

[0029] The above and further objects of the present inven-
tion as well as features thereof will become more apparent
from the following detailed description to be made in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 is an oblique view showing the situation for
setting portable electronic equipment on the battery charger
without electrical contacts for one embodiment of the
present invention.

[0031] FIG. 2 is an oblique view showing the situation for
supplying input power to the battery charger shown in FIG.
1 to charge the portable electronic equipment battery pack.

[0032] FIG. 3 is an oblique view showing the situation for
charging the portable electronic equipment battery pack with
the internal batteries of the battery charger shown in FIG. 1.

[0033] FIG. 4 is a plan view in cross-section of the battery
charger shown in FIG. 1.

[0034] FIG. 5 is a vertical cross-section view showing
portable electronic equipment set on the battery charger
shown in FIG. 1.

[0035] FIG. 6 is a circuit diagram of the battery charger
shown in FIG. 1.

[0036] FIG. 7 is a circuit diagram showing one embodi-
ment of the battery pack housed in the portable electronic
equipment.

[0037] FIG. 8 is a circuit diagram showing another
embodiment of the battery pack housed in the portable
electronic equipment.

[0038] FIG. 9 is an oblique view showing one embodi-
ment of the rechargeable battery and secondary coil housed
in the battery pack.
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[0039] FIG. 10 is a cross-section view of the electromag-
netic absorption layer shown in FIG. 9.

[0040] FIG. 11 is a cross-section view showing another
embodiment of an electromagnetic absorption layer.

[0041] FIG. 12 is an oblique view showing another
embodiment of an electromagnetic absorption layer.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT(S)

[0042] The battery charger 10 shown in FIGS. 1-6 charges
a battery pack 31 housed in portable electronic equipment
30, which is a portable telephone. However, the portable
electronic equipment of the present invention is not limited
to a portable telephone. This is because all battery packs
housed in portable electronic equipment can be charged.

[0043] The battery charger without electrical contacts 10
of FIGS. 1-6 is provided with a primary coil 13 magnetically
coupled to a secondary coil 33 housed in the portable
electronic equipment 30, a high frequency power supply 14
that supplies high frequency power to the primary coil 13,
internal batteries 12 that supply power to the high frequency
power supply 14, a charging circuit 15 for the internal
batteries 12, and an external case 11 to hold the primary coil
13, high frequency power supply 14, internal batteries 12,
and charging circuit 15. In this battery charger without
electrical contacts 10, input power is converted to high
frequency power by the high frequency power supply 14 and
supplied to the primary coil 13. Primary coil 13 high
frequency power is transferred to the secondary coil 33 by
magnetic induction. AC high frequency power is induced in
the secondary coil 33, rectified, and used to charge the
battery pack 31 housed in the portable electronic equipment
30.

[0044] The battery charger without electrical contacts of
the figures does not simply charge the portable electronic
equipment 30 battery pack 31 via input power. In a situation
with no input power, the internal batteries 12 supply power
to the high frequency power supply 14 to charge the portable
electronic equipment 30 battery pack 31. Internal batteries
12, which supply power to the high frequency power supply
14 with no input power, are lithium ion rechargeable bat-
teries or lithium polymer batteries. Further, the internal
batteries 12 are thin rectangular batteries. The internal
batteries 12 are charged by the charging circuit 15. The
charging circuit 15 converts input power to the internal
battery charging voltage to charge the internal batteries 12.
Since the internal batteries 12 are lithium ion or lithium
polymer batteries, the charging circuit 15 is a constant
current, constant voltage charging circuit. The charging
circuit 15 charges the internal batteries 12 with constant
current to a specified voltage, then after battery voltage has
reached a set value, it charges the internal batteries 12 to full
charge with constant voltage charging.

[0045] With portable electronic equipment 30 set in posi-
tion, the high frequency power supply 14 supplies high
frequency power to the primary coil 13 to charge the
portable electronic equipment 30 battery pack 31. The high
frequency power supply 14 contains an electronic equipment
detection circuit 16 to determine if the portable electronic
equipment 30 is set in position for charging. The electronic
equipment detection circuit 16 receives an electronic equip-
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ment data signal transmitted from the portable electronic
equipment 30 to determine that the portable electronic
equipment 30 is set in position. With portable electronic
equipment not set in position for charging, the high fre-
quency power supply 14 cuts-off supply of high frequency
power to the primary coil 13. This battery charger 10 can
prevent wasted consumption of input power, and can prevent
wasted discharge of the internal batteries 12.

[0046] The high frequency power supply 14 is supplied
with DC power from either an AC adapter 40, a USB cable,
or the internal batteries 12. The battery charger without
electrical contacts 10 of the figures does not house a com-
mercial power supply circuit to convert commercial power
(120V AC in the USA) to DC at the voltage of the high
frequency power supply 14. In a battery charger without
electrical contacts 10 that does not house a commercial
power supply circuit, the external case 11 can be made thin.
This is because it does not contain a power supply trans-
former required for a commercial power supply circuit. The
battery charger without electrical contacts 10 is provided
with DC input terminals 17 in the external case 11. The DC
input terminals 17 comprise AC adapter connection termi-
nals 17A and USB terminals 17B for USB cable connection.
The connection terminals 17A and USB terminals 17B are
connected to the high frequency power supply 14 and supply
input DC power to the high frequency power supply 14.

[0047] DC power is supplied to the high frequency power
supply 14 of the battery charger without electrical contacts
10 of FIG. 1 by connecting an AC adapter connection plug
41 to the connection terminals 17A or by connecting a
computer to the USB terminals 17B via a USB cable 42 as
shown in FIG. 2. When portable electronic equipment 30 is
set in position and DC power is supplied, the high frequency
power supply 14 supplies high frequency power to the
primary coil 13 to charge the portable electronic equipment
30 battery pack 31. At this time, the internal battery charging
circuit 15 is also activated to charge the internal batteries 12.
However, if current sourcing capacity of the AC adapter 40
or computer connected to the USB terminals 17B is insuf-
ficient, input power will only be supplied to the high
frequency power supply 14 and only the portable electronic
equipment 30 battery pack 31 will be charged. After the
portable electronic equipment 30 battery pack 31 is fully
charged, input power is supplied to the charging circuit 15
and the internal batteries 12 are charged. Further, when
portable electronic equipment 30 is not set in position for
charging and the internal batteries 12 are not fully charged,
input power is supplied to the charging circuit 15 and the
internal batteries 12 are charged. When the internal batteries
12 are fully charged, the charging circuit 15 suspends
charging of the internal batteries 12. As much as possible,
the internal batteries 12 are maintained in a fully charged
state. When DC power is input from an AC adapter 40 or
computer, DC power can be supplied to the high frequency
power supply 14 from the internal batteries 12 as well. In
this situation, the high frequency power of the high fre-
quency power supply 14 can be increased to fully charge the
portable electronic equipment 30 battery pack 31 in a short
period. However, when the remaining capacity of the inter-
nal batteries 12 is not sufficient, supply of DC power from
the internal batteries 12 to the high frequency power supply
14 is suspended. The high frequency power supply 14
detects remaining capacity of the internal batteries 12, and
DC power is supplied to the high frequency power supply 14
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from the internal batteries 12 when remaining capacity is
found to be greater than a set capacity.

[0048] As shown in FIGS. 2, 3, and 5, portable electronic
equipment 30 is placed on top of the external case 11 of the
battery charger 10 to charge the battery pack 31. To charge
the portable electronic equipment 30 battery pack 31 in this
arrangement, the external case 11 is formed as a flat panel of
given thickness to provide storage space 18 to hold the
internal batteries 12 between its top plate 11A and bottom
plate 11B. Further, the outline of the top plate 11A is made
large enough to stably position portable electronic equip-
ment 30 on the top plate 11A. In addition, the battery charger
without electrical contacts shown in the figures is made as a
thin, flat panel to allow it to be conveniently carried with
portable electronic equipment 30 such as a portable tele-
phone. Because the battery charger 10 is a thin, flat panel
shape, it can be carried inside a bag without taking up too
much space much as a notebook or other thin book.

[0049] Inthe battery charger without electrical contacts 10
of'the figures, thin rectangular batteries are housed inside the
thin, flat panel external case 11. The thin rectangular bat-
teries, which are thinner than they are wide, are contained in
the storage space 18 with their opposing flat surfaces 12a
oriented parallel to the top plate 11A and the bottom plate
11B of the external case 11. To further reduce overall
thickness of the case, the internal batteries 12, primary coil
13, high frequency power supply 14, and charging circuit 15
of'the battery charger of FIG. 4 are disposed in a single plane
in the storage space 18 of the external case 11. Electronic
parts to implement the high frequency power supply 14 and
charging circuit 15 are mounted on the surface of a single
circuit board 19, which is disposed parallel to the top plate
11A and the bottom plate 11B. A connector 20 for the AC
adapter connection terminals 17A and a connector 21 for the
USB terminals 17B are also attached to the circuit board 19
in the battery charger 10 of FIG. 4. These connectors 20, 21
are exposed externally via terminal windows 22 cut through
the side of the external case 11, and are fixed to a sidewall
of the external case 11. In the external case 11 of FIG. 4, the
primary coil 13 is disposed in the left side of the case, the
circuit board 19 holding the high frequency power supply 14
and charging circuit 15 is disposed in the right side of the
case, and the internal batteries 12 are disposed between the
primary coil 13 and circuit board 19. These components are
disposed in the storage space 18 without any stacking or
overlapping to make the external case 11 thin. The thickness
of'the external case 11 is made greater than or equal to 3 mm
and less than or equal to 20 mm, preferably greater than or
equal to 5 mm and less than or equal to 15 mm, and more
preferably approximately 10 mm. The external case 11 of the
figures has a rectangular top plate 11A and bottom plate 11B,
but the top and bottom plates can also be made in elliptical
shapes.

[0050] The primary coil 13 housed in the external case 11
is made as a planar coil wound in a spiral shape to fit in the
storage space 18 of the thin external case 11. To allow
efficient transfer of high frequency power to the portable
electronic equipment 30 secondary coil 33, the primary coil
13 is made essentially as large as the entire external case 11.
The primary coil can also be insertion molded and fixed in
a plastic external case top plate. An external case with an
insertion molded primary coil can be made even thinner.
Insertion molding allows solid attachment of the primary
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coil to the external case, and since the primary coil is
disposed on the surface of the top plate, the gap between
primary and secondary coils is narrowed allowing efficient
transfer of high frequency power. The inductance of the
primary coil is set to an optimum value depending on the
frequency of the high frequency power. For a battery charger
10 with high frequency power at 100 kHz to 500 kHz, the
inductance of the primary coil is set from tens of uH to
several mH.

[0051] In the battery charger shown in the circuit diagram
of FIG. 6, AC adapter connection terminals 17A, USB
terminals 17B, and internal batteries 12 are connected to the
power supply circuit of the high frequency power supply 14
via series connected switches 23 and diodes 24. Diodes 24
prevent the flow of reverse currents when DC power is input
simultaneously from a plurality of DC input terminals 17 or
from the internal batteries 12. Each switch 23 is controlled
ON and OFF by a controller 25. The controller selects and
turns ON any single switch 23 or a plurality of switches 23
to supply DC power to the high frequency power supply 14
through the ON switches 23. The controller detects an
electronic equipment data signal induced in the primary coil
13 to determine that portable electronic equipment is set for
charging, it turns ON any switch 23, and it supplies high
frequency power to the primary coil 13.

[0052] The controller 25 detects portable electronic equip-
ment 30 set for charging, it detects DC power input from AC
adapter connection terminals 17A or USB terminals 17B,
and it turns ON switches 23 connected to the AC adapter
connection terminals 17A and USB terminals 17B. The
controller detects the electronic equipment data signal sent
from the portable electronic equipment 30 to determine that
the portable electronic equipment is set for charging. The
controller 25 also detects the voltage at the DC input
terminals 17, which are the AC adapter connection terminals
17A and USB terminals 17B, to determine that an AC
adapter 40 or USB cable 42 is connected. When the con-
troller 25 confirms that the portable electronic equipment 30
is set in position and DC power is input from both the AC
adapter connection terminals 17A and USB terminals 17B,
it turns ON one or both of the DC input terminal 17 switches
23. When DC power is input from either the AC adapter
connection terminals 17A or the USB terminals 17B, the
controller 25 switches ON the switch 23 connected to the
terminals with the DC power to input that power to the high
frequency power supply 14.

[0053] Further, when portable electronic equipment 30 is
set for charging and no DC power is input from either the AC
adapter connection terminals 17A or USB terminals 17B, the
controller 25 turns ON the switch 23 connected to the
internal batteries 12 to supply power to the high frequency
power supply 14 from the internal batteries 12. In this case,
the controller 25 detects internal battery remaining capacity
and confirms the internal batteries 12 can be discharged.
Then the controller 25 switches ON the internal battery
switch 23 to supply power to the high frequency power
supply 14 from the internal batteries 12. When internal
battery remaining capacity becomes low and over-discharge
is incipient, the controller 25 switches OFF the switch 23
connecting the internal batteries 12 and the high frequency
power supply 14 to suspend internal battery discharge.

[0054] When the controller 25 determines that the internal
batteries 12 are not fully charged, that portable electronic
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equipment 30 is not set for charging, and that DC power is
input from either the AC adapter connection terminals 17A
or USB terminals 17B, it switches ON the charging switch
26 connected between the DC input terminals 17 and the
charging circuit 15. Under these conditions, the charging
circuit 15 charges the internal batteries 12. When the internal
batteries 12 reach full charge, the controller 25 switches the
charging switch 26 OFF to suspend internal battery 12
charging. When DC power input from the AC adapter
connection terminals 17A and USB terminals 17B is greater
than the power consumed by the high frequency power
supply 14, internal batteries 12 can be charged while sup-
plying power to the high frequency power supply 14. In this
case, with portable electronic equipment 30 set for charging,
the controller 25 supplies DC power to the high frequency
power supply 14 while charging the internal batteries 12.
Consequently, this battery charger 10 charges its internal
batteries 12 while it charges the portable electronic equip-
ment 30 battery pack 31. The high frequency power supply
14 can detect internal battery 12 voltage and determine
remaining capacity. Remaining capacity can be computed
from the integral of internal battery 12 charging current and
discharging current, and the computed remaining capacity
can also be corrected using the battery voltage.

[0055] The battery charger 10 of the figures is provided
with a display section to show internal battery 12 remaining
capacity. The display section shown in the figures is a set of
light emitting diodes (LEDs) 27. The LEDs 27 are connected
to the high frequency power supply 14 and controller 25, and
their state of conduction for light emission is controlled by
the controller 25. The LEDs 27 are mounted on the circuit
board 19, which holds them in a specified location inside the
external case 11. A display window 28 is opened through the
external case 11 at a location corresponding to the LED 27
location, and LED 27 indications can be seen externally
through this display window 28. The controller 25 controls
the ON and OFF state of the LEDs 27 according to internal
battery 12 remaining capacity detected by the high fre-
quency power supply 14, and internal battery 12 remaining
capacity is indicated by the ON and OFF pattern of the LEDs
27.

[0056] The battery pack 31, 51, which is housed in por-
table electronic equipment 30 that is set in charging position
on the top plate 11A and charged by the battery charger 10,
is shown in the circuit diagrams of FIGS. 7 and 8. The
battery pack 31 of FIG. 7 is provided with a rechargeable
battery 32, a secondary coil 33, and a diode bridge rectifying
circuit 34 to rectify high frequency power induced in the
secondary coil 33. In this battery pack 31, DC output from
the rectifying circuit 34 is output to the electronic equipment
circuit side 37 of the portable electronic equipment 30. The
battery pack 31 of FIG. 7 is also provided with a protection
field effect transistor (FET) 35 connected in series with the
rechargeable battery 32, and a protection circuit 36 to
control the protection FET 35 ON and OFF to protect the
rechargeable battery 32. The protection circuit 36 switches
the protection FET 35 ON and OFF to prevent over-charging
and over-discharging of the rechargeable battery 32. The
portable electronic equipment 30 that houses this battery
pack 31 also houses a rechargeable battery 32 charging
control circuit 38 in the electronic equipment circuit side 37.
The charging control circuit 38 charges the rechargeable
battery 32 with DC power from the rectifying circuit 34. In
this portable electronic equipment 30, since DC power from
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the rectifying circuit 34 is input directly to the charging
control circuit 38 to charge the rechargeable battery 32, DC
power output from the rectifying circuit 34 can be used to
efficiently charge the rechargeable battery 32. This is
because there is no need for any voltage stabilization cir-
cuitry, which has associated power loss, in the battery pack
31.

[0057] The battery pack 51 of FIG. 8 houses a recharge-
able battery 32 charging control circuit 58. This charging
control circuit 58 fully charges the rechargeable battery 32
with DC power output directly from the rectifying circuit 34.
The charging control circuit 58 is provided with a full charge
detection circuit 59 to detect when the rechargeable battery
32 is fully charged. When the rechargeable battery 32
reaches full charge, the full charge detection circuit 59 issues
a full charge signal. The full charge signal is output from the
secondary coil 33 and transmitted from the secondary coil
33 to the primary coil 13. The battery charger 10 houses a
charge termination circuit 29 that suspends charging when a
full charge signal from the full charge detection circuit 59 is
detected. The battery charger 10 houses the charge termi-
nation circuit 29 inside the high frequency power supply 14.
When the charge termination circuit 29 detects a full charge
signal transmitted from the battery pack 51 full charge
detection circuit 59, it stops supplying high frequency power
to the primary coil 13. This battery pack 51 transmits a full
charge signal to the battery charger 10 when the recharge-
able battery 32 is fully charged. Accordingly, the battery
charger 10 can detect the full charge signal transmitted from
the battery pack 51 and can stop supplying high frequency
power to the primary coil 13. Therefore, when the battery
pack 51 is fully charged, supply of power to the high
frequency power supply 14 is cut-off and wasted power
consumption is avoided. In FIG. 8, 57 indicates the elec-
tronic equipment circuit side.

[0058] Although not illustrated, the circuit of FIG. 8 can
also include circuitry for the following authentication pro-
cedure. With such circuitry, an identification (ID) signal is
sent from the primary coil 13 and received by magnetic
induction in the secondary coil 33. If the ID signal can be
confirmed and authenticated by the battery pack 51 or
portable electronic equipment 30, charging is begun, but if
the ID signal cannot be confirmed or authenticated, charging
is terminated. When the battery pack 51 or portable elec-
tronic equipment 30 confirms and authenticates the ID
signal, an ID confirmation signal to indicate confirmation of
the ID signal is sent from the battery pack 51 or portable
electronic equipment 30 to the primary coil 13 via the
secondary coil 33. The battery charger 10, which contains
the primary coil 13, receives the ID confirmation signal and
continues to supply power. When an ID confirmation signal
cannot be received, it is assumed that the battery pack or
portable electronic equipment is incompatible with the bat-
tery charger 10 and the supply of power is stopped.

[0059] As shown in FIG. 5, the battery pack 31 housed in
portable electronic equipment 30 contains a rechargeable
battery 32 and the secondary coil 33. As shown in FIG. 9, the
rechargeable battery 32 contained in the battery pack 31 is
a rectangular battery with two opposing flat surfaces 32a.
Further, the secondary coil 33 contained in the battery pack
31 is a planar coil wound in a spiral pattern. The secondary
coil 33 shown in FIG. 9 is made essentially as large as the
entire rechargeable battery 32 to allow efficient capture of
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high frequency power transmitted from the primary coil 13.
In the battery pack 31, the planar secondary coil 33 is
stacked on the flat surface 32a of the rectangular recharge-
able battery 32 disposing the rechargeable battery 32 and
secondary coil 33 in fixed relative positions. As shown in
FIG. 5, the battery pack 31 holds the rechargeable battery 32
and secondary coil 33 in a manner that positions the sec-
ondary coil 33, which is stacked on the rechargeable battery
32, adjacent to the top plate 11A side of the battery charger
10 and opposite the primary coil 13 when the portable
electronic equipment 30 is set for charging on the battery
charger 10 top plate 11A.

[0060] Further, as shown in FIG. 9, the secondary coil 33
is disposed in the battery pack 31 via an electromagnetic
absorption layer 44 to protect the rechargeable battery 32
from detrimental effects of the magnetic field from the
primary coil 13. The electromagnetic absorption layer 44
contains magnetic material to allow it to absorb electromag-
netic energy from the primary coil 13. The electromagnetic
absorption layer 44 shown in FIG. 9 is sheet material
containing magnetic material, and is made by forming a
sheet of synthetic resin with added powder such as metal,
carbon, or ferrite. As shown in FIG. 9, an electromagnetic
absorption layer 44 in sheet form is stacked on the flat
surface 32a of the rechargeable battery 32 and the secondary
coil 33 is attached to the top surface of the electromagnetic
absorption layer 44. In this manner, the secondary coil 33 is
disposed on the flat surface 32a of the rechargeable battery
32 with the electromagnetic absorption layer 44 intervening
between the two.

[0061] The electromagnetic absorption layer 44 shown in
FIG. 10 is provided with a recessed region 45 to hold the
secondary coil 33 in the top surface of the planar electro-
magnetic absorption layer 44. The secondary coil 33 dis-
posed in the recessed region can be bond-attached to retain
it in a fixed position in the electromagnetic absorption layer
44. The secondary coil 33 can also be insertion molded into
the resin of the electromagnetic absorption layer 44 dispos-
ing it in a recessed region 45. An electromagnetic absorption
layer 44 with the secondary coil 33 insertion molded has the
characteristic that while the entire assembly is thin, the
secondary coil 33 can be solidly held in the electromagnetic
absorption layer 44 top surface.

[0062] AsshowninFIG. 11, the secondary coil 33 can also
be retained by sandwiching it between an electromagnetic
absorption layer 48 and a laminate 46. The secondary coil 33
shown in FIG. 11 is disposed on top of the surface of the
electromagnetic absorption layer 48 and spacers 47 are
oriented around the coil’s perimeter. Further, a laminate 46
is provided on top to hold the secondary coil 33 between the
electromagnetic absorption layer 48 and the laminate 46.
This configuration has the characteristic that the assembly
can be easily attached to the flat surface 32a of the recharge-
able battery 32 while protecting the surface of the secondary
coil 33 with laminate 46.

[0063] Finally, as shown in FIG. 12, the electromagnetic
absorption layer 49 can be applied directly to coat the
surface of the rechargeable battery 32. Here, the electro-
magnetic absorption layer 49 is formed by adding powder
such as metal, carbon, or ferrite to coating material that is
applied directly on rechargeable battery 32 surfaces. In the
rechargeable battery 32 of FIG. 12, coating is applied around
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the entire rechargeable battery 32 to establish the electro-
magnetic absorption layer 49 shown by cross-hatching. This
configuration has the characteristic that a magnetic shield
surrounds the entire rechargeable battery 32 and can protect
it from the detrimental effects of the primary coil 13 mag-
netic field. However, although not illustrated, the electro-
magnetic absorption layer can also be formed by applying
coating only to the flat surface of the rechargeable battery
where the secondary coil is stacked.

[0064] As described above, a configuration that mounts
the secondary coil 33 on the rechargeable battery 32 via an
electromagnetic absorption layer 44, 48, 49 has the charac-
teristic that magnetic field effects such as eddy currents
(Foucault currents) in the rechargeable battery 32 case,
which can cause adverse effects such as battery heating, are
effectively prevented. At the same time, this configuration
has the characteristic that since lines of magnetic force
radiating from the primary coil 13 do not affect the recharge-
able battery 32, the efficiency of the power transfer from the
primary coil 13 to the secondary coil 33 is increased. It
should be apparent to those with an ordinary skill in the art
that while various preferred embodiments of the invention
have been shown and described, it is contemplated that the
invention is not limited to the particular embodiments dis-
closed, which are deemed to be merely illustrative of the
inventive concepts and should not be interpreted as limiting
the scope of the invention, and which are suitable for all
modifications and changes falling within the spirit and scope
of the invention as defined in the appended claims. The
present application is based on Application No. 2006-
219448 filed in Japan on Aug. 11, 2006, the content of which
is incorporated herein by reference.

What is claimed is:

1. A battery charger without electrical contacts compris-
ing a primary coil magnetically coupled to a secondary coil
housed in portable electronic equipment, a high frequency
power supply that supplies high frequency power to the
primary coil, and an external case that holds the primary coil
and the high frequency power supply; the high frequency
power supply converts input power to high frequency power
and supplies it to the primary coil, primary coil high
frequency power is conveyed to the secondary coil by
magnetic induction, and secondary coil AC is rectified to
charge the battery pack contained in the portable electronic
equipment;

the battery charger without electrical contacts is provided
with internal batteries that are charged by input power
and supply power to the high frequency power supply,
and with a charging circuit that charges the internal
batteries with input power;

the external case is formed as a flat panel of given
thickness providing storage space for internal batteries
between a top plate and a bottom plate, internal bat-
teries housed in the external case storage space are
rectangular batteries and these rectangular batteries are
housed in the storage space with their two opposing flat
surfaces oriented parallel to the top plate and bottom
plate, and a planar primary coil wound in a spiral shape
is disposed in the external case storage space or in the
top plate;

wherein the internal batteries are charged by input power;
when no power is input, the high frequency power
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supply converts power supplied from the internal bat-
teries to high frequency power and supplies it to the
primary coil to charge the portable electronic equip-
ment battery pack.

2. A battery charger without electrical contacts as recited
in claim 1 wherein the internal batteries are lithium ion
rechargeable batteries or lithium polymer batteries.

3. A battery charger without electrical contacts as recited
in claim 2 wherein the internal batteries are rectangular
batteries.

4. A battery charger without electrical contacts as recited
in claim 1 wherein the high frequency power supply is
provided with an electronic equipment detection circuit to
detect when portable electronic equipment is set for charg-
ing.

5. A battery charger without electrical contacts as recited
in claim 1 provided with a controller that detects an elec-
tronic equipment data signal induced in the primary coil to
determine that portable electronic equipment is set for
charging

6. A battery charger without electrical contacts as recited
in claim 1 wherein the high frequency power supply con-
tains a circuit to detect internal battery remaining capacity
and supply DC power from the internal batteries to the high
frequency power supply when remaining capacity is
detected greater than a set capacity.

7. A battery charger without electrical contacts as recited
in claim 1 wherein DC input terminals are provided in the
external case, and the DC input terminals are connected to
the high frequency power supply and charging circuit.

8. A battery charger without electrical contacts as recited
in claim 7 wherein the DC input terminals are made up of
AC adapter connection terminals and USB terminals, and
the connection terminals and USB terminals are connected
to the high frequency power supply and charging circuit.

9. A battery charger without electrical contacts as recited
in claim 8 wherein the AC adapter connection terminals,
USB terminals, and internal batteries are connected to the
power supply circuit of the high frequency power supply via
a series connected switch and diode.

10. A battery charger without electrical contacts as recited
in claim 8 that detects when portable electronic equipment
is set for charging, and when no DC power input from either
the AC adapter connection terminals or USB terminals, to
supply power from the internal batteries to the high fre-
quency power supply.

11. A battery charger without electrical contacts as recited
in claim 8 that detects when internal batteries are not fully
charged, when portable electronic equipment is not set for
charging, and when DC power is input from either the AC
adapter connection terminals or USB terminals, to charge
the internal batteries.

12. A battery charger without electrical contacts as recited
in claim 7 wherein the DC input terminals are established on
a sidewall of the external case.

13. A battery charger without electrical contacts as recited
in claim 1 wherein the internal batteries, primary coil, high
frequency power supply, and charging circuit are disposed in
a single plane in the external case storage space.

14. A battery charger without electrical contacts as recited
in claim 1 wherein a plurality of internal batteries are
disposed in a single plane and held in the external case
storage space.
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15. A battery charger without electrical contacts as recited
in claim 1 that has an overall thin, flat panel shape.

16. A battery charger without electrical contacts as recited
in claim 14 wherein rectangular batteries, which are thinner
than they are wide, are housed in the flat panel external case.

17. A battery charger without electrical contacts as recited
in claim 1 that is provided with a display section to display
internal battery remaining capacity.

18. A combination of battery charger without electrical
contacts and portable electronic equipment wherein the
battery pack housed in the portable electronic equipment is
provided with a secondary coil, and a rectifying circuit that
rectifies AC induced in the secondary coil; and rectifying
circuit output is input to the portable electronic equipment.

19. A combination of battery charger without electrical
contacts and portable electronic equipment as recited in
claim 18 wherein the battery pack housed in the portable
electronic equipment contains a full charge detection circuit
that detects full charge of the rechargeable battery, and the
battery charger houses a charge termination circuit that
detects a full charge signal issued from the full charge
detection circuit and terminates charging.

20. A combination of battery charger without electrical
contacts and portable electronic equipment as recited in
claim 18 wherein the battery pack is provided with a
rectangular battery having two opposing flat surfaces, and
the secondary coil is disposed on a flat surface of the
rectangular battery via an electromagnetic absorption layer.

21. A combination of battery charger without electrical
contacts and portable electronic equipment as recited in
claim 20 wherein the electromagnetic absorption layer is
provided with a recessed region and the secondary coil is
disposed in this recessed region.

22. A combination of battery charger without electrical
contacts and portable electronic equipment as recited in
claim 20 wherein the secondary coil is insertion molded in
the electromagnetic absorption layer.

23. A combination of battery charger without electrical
contacts and portable electronic equipment as recited in
claim 20 wherein the secondary coil is sandwiched between
the electromagnetic absorption layer and a laminate.
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24. A combination of battery charger without electrical
contacts and portable electronic equipment as recited in
claim 18 wherein the battery charger is provided with a
primary coil magnetically coupled to a secondary coil
housed in portable electronic equipment, a high frequency
power supply that supplies high frequency power to the
primary coil, and an external case that holds the primary coil
and the high frequency power supply; the high frequency
power supply converts input power to high frequency power
and supplies it to the primary coil, primary coil high
frequency power is conveyed to the secondary coil by
magnetic induction, and secondary coil AC is rectified to
charge the battery pack contained in the portable electronic
equipment;

the battery charger without electrical contacts is provided
with internal batteries that are charged by input power
and supply power to the high frequency power supply,
and with a charging circuit that charges the internal
batteries with input power;

the external case is formed as a flat panel of given
thickness providing storage space for internal batteries
between a top plate and a bottom plate, internal bat-
teries housed in the external case storage space are
rectangular batteries and these rectangular batteries are
housed in the storage space with their two opposing flat
surfaces oriented parallel to the top plate and bottom
plate, and a planar primary coil wound in a spiral shape
is disposed in the external case storage space or in the
top plate;

wherein the internal batteries are charged by input power;
when no power is input, the high frequency power
supply converts power supplied from the internal bat-
teries to high frequency power and supplies it to the
primary coil to charge the portable electronic equip-
ment battery pack.
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