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57 ABSTRACT 

An inductive charger coupling for charging batteries of 
electric Vehicles which includes a paddle having a circuit 
board comprising a communication circuit for receiving 
electrical Signals regarding the battery charging State, and an 
antenna formed as a conductive print pattern on the paddle 
circuit board; the communication circuit converts radio 
Signals received by the antenna into electrical Signals, the 
receptacle receiving the paddle during charging includes a 
communication circuit and an antenna formed as a conduc 
tive print pattern on the receptacle circuit board. 

13 Claims, 4 Drawing Sheets 
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INDUCTIVE CHARGER COUPLING FOR 
ELECTRIC VEHICLES 

BACKGROUND OF THE INVENTION 

The present invention relates to an inductive charger 
coupling for charging batteries of electric Vehicles. 

Battery-powered electric vehicles use a charger for charg 
ing their batteries. In recent years, chargers tend to have high 
Voltage to lower the energy loSS of the wiring. Electric 
vehicles are often used in rainy and dusty environments, and 
it is desirable that chargers that endure Such environment be 
Safe. In inductive chargers, a battery is charged from an 
external power Source using electromagnetic induction. 
Inductive chargers ensure charging under rainy and dusty 
environment Since they use electromagnetic induction. 
Accordingly, inductive chargers are Suitable for electric 
vehicles. 

Inductive chargers have a coupling including a charging 
paddle for Supplying power and a receptacle for receiving 
power. The charging paddle is connected to an external 
power Source. The receptacle is connected to a battery of an 
electric Vehicle. Battery charging is performed by electro 
magnetic induction with the paddle and the receptacle close 
to one another, but not contacting. 

For example, Japanese Unexamined Publication No. 
7-39077 describes an inductive charger having a communi 
cation device using light for communication between a 
charging Side and a charged Side. The charged side has a 
transmitter and the charging Side has a receiver. The com 
munication device Sends information Such as a signal indi 
cating completion of charging from the charged side to the 
charging Side. The Supply of electric current from the 
external power Source is stopped based on the information. 
This prevents useleSS Supply of current from the external 
power Supply after the battery is completely charged. 
Accordingly, the external power Supply does not waste 
power. 

Generally, the reliability of the optical communication 
device is degraded by Sunlight and dust. Light and dust do 
not affect the reliability of radio wave communication. 
However, radio waves lack directivity and are transmitted in 
a wide range, and this may cause jamming. For example, 
when charging at the charging Station, there might be 
interference from other inductive chargers, or the radio 
waves from the communication device of the charger may 
interfere with televisions or FM radios. 
To avoid jamming, it is necessary to use high frequency 

radio waves. However, to receive a high frequency radio 
waves, it is necessary to connect the communication circuit 
to an antenna using a coaxial cable. In this case, the 
communication device is complex and large, and So is the 
charger. Further, the receptacle needs a cover for Sealing out 
water and dust. This further enlarges the size of the recep 
tacle. 

In electric Vehicles, installed equipment should be com 
pact and lightweight. Therefore, a large-size receptacle on 
any part of the electric Vehicle results in a poor design. 

SUMMARY OF THE INVENTION 

The objective of the present invention is to provide an 
inductive charger having a compact and lightweight com 
munication device. 

To achieve the above objective, the present invention 
provides an inductive charger coupling for charging a bat 
tery using electromagnetic induction, which has the follow 
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2 
ing Structure. A charging paddle includes a primary core, a 
primary coil and a paddle communication circuit for receiv 
ing information representing the charging State of the bat 
tery. The primary coil is connected to a power Source and 
wound around the primary core. The paddle circuit board 
includes a paddle antenna and the paddle communication 
circuit. The paddle antenna is connected to the paddle 
communication circuit. The paddle antenna is a conductive 
print pattern formed on the paddle circuit board. A 
receptacle, in which the paddle is received, delivers power 
to the battery. The receptacle includes a Secondary core, a 
Secondary coil, a receptacle circuit board and a receptacle 
communication circuit for transmitting the information. The 
Secondary coil is electrically connected to the battery and 
wound around the Secondary core. The receptacle circuit 
board includes a receptacle antenna and the receptacle 
communication circuit. The receptacle antenna is connected 
to the receptacle communication circuit. The receptacle 
antenna is a conductive print pattern formed on the recep 
tacle circuit board. 

Other aspects and advantages of the present invention will 
become apparent from the following description, taken in 
conjunction with the accompanying drawings, illustrating by 
way of example the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features of the present invention that are believed to 
be novel are Set forth with particularity in the appended 
claims. The invention, together with objects and advantages 
thereof, may best be understood by reference to the follow 
ing description of the presently preferred embodiments 
together with the accompanying drawings in which: 

FIG. 1 is a cross-section of an inductive charger coupling 
according to a first embodiment of the present invention, 
With a charging paddle plugged in a receptacle, 

FIG. 2 is a plan view of the inductive charger of FIG. 1; 
FIG. 3 is an electrical circuit of the inductive charger of 

FIG. 1; and 
FIG. 4 is an enlarged cross-section showing a communi 

cation device of a paddle and a receptacle of an inductive 
charger according to a Secondary embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

A first embodiment of the present invention will now be 
described in reference to FIGS. 1-3. 

As shown in FIGS. 1 and 2, an inductive charger of the 
first embodiment includes a receptacle 1 and a charging 
paddle 2, which is generally planar. The receptacle 1 is 
installed on an electric vehicle (not shown). The receptacle 
1 is covered with a layer of resin or a waterproof case and 
has a housing 11. The housing 11 accommodates a Second 
ary core 12 and a Secondary coil 13. The housing 11 includes 
a receSS 11a on its upper Surface. A case 15 is installed on 
the recess 11a. The housing 11 also includes a slot 111 for 
inserting the charging paddle 2. 
The Secondary core 12 has a closed Structure. The Sec 

ondary core 12 includes a left pillar 125, a right pillar 126, 
upper and lower lateral bridges 121, 122, and upper and 
lower supports 123,124. The upper bridge 121 connects the 
upper ends of the pillars 125, 126. The lower bridge 122 
connects the lower ends of the pillars 125, 126. The upper 
and lower bridges 121, 122, and the right and left pillars 125, 
126 have predetermined dimensions to generate a required 
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magnetic flux. The supports 123, 124 are columnar. The 
upper and lower Supports 123, 124 are respectively located 
at the centers of the upper and lower bridges 121, 122 and 
face one another. A Secondary coil 13 is wound around the 
lower support 124. The secondary coil 13 is electrically 
connected to a battery of an electric vehicle (not shown). 
When the charging paddle 2 is plugged in the receptacle 1, 
the Secondary core 12 Surrounds the distal end of the paddle 
2. 

The case 15 includes a rectangular resin box 151 and a lid 
152. The case 15, which is waterproof and dust-proof, 
accommodates a receptacle communication device 14. The 
receptacle communication device 14 includes a circuit board 
141 and a communication IC 142, which is mounted on the 
circuit board 141. An antenna 143 and a connecting line 144 
are printed as conductive patterns on the circuit board 141. 
The connecting line 144 connects the antenna 143 and the 
communication IC 142. The conductive patterns are formed 
by etching a copper foil, which is attached to a ceramic 
board of the circuit board 141. The antenna 143 can be 
formed in any shape as long as it can be formed on the circuit 
board 141. 

The charging paddle 2 is made of resin and its distal end 
is Semi-circular as shown in FIG. 2. A primary core 22, a 
primary coil 23 and a paddle communication device 24 are 
embedded in the charging paddle 2. The primary coil 23 is 
electrically connected to an external power Source (not 
shown). When the paddle 2 is completely inserted in the slot 
111, the primary core 22 is placed between the Supports 123, 
124. In this State, the primary core 22 faces the Secondary 
core 12. 

The paddle communication device 24 includes a paddle 
circuit board 241 and a paddle communication IC 241. The 
paddle communication IC 242 is attached to the circuit 
board 241. The circuit board 241 includes an antenna 243 
and connecting lines 244, 245 that connect the antenna 243 
to the communication IC 242. The antenna 243 and the 
connecting line 244 are conductive patterns printed on the 
circuit board 241. The print pattern of the antenna 243 is 
Strip-shaped. The conductive pattern is formed by etching a 
copper foil, which is attached to a ceramic board of the 
circuit board 241. The connecting lines 244, 255 are con 
nected to one another by a conductor embedded in a via hole 
(not shown). The circuit board 241 may be either a resin 
board or a ceramic board. The conductive patterns may be 
formed either by printing with conductive paste or by 
etching copper foil. The shape of the antenna 243 is not 
limited as long as it can be formed on the circuit board 241. 
When the charging paddle 2 is completely inserted in the Slot 
111, the antennas 143, 243 are in close proximity to one 
another, face one another and are parallel. 
The communication between the communication ICs 142, 

242 is performed using a carrier frequency 300 MHz FM 
type radio wave. The carrier frequency and modulation type 
can be varied. 

An electric circuit diagram representing the inductive 
charger coupling according to the first embodiment is shown 
in FIG. 3. The antenna 243 is connected to a paddle 
controller 3 via the communication IC 242. The paddle 
controller 3 is connected to a gate controller 4. The gate 
controller 4 is connected to an inverter 5. The paddle 
controller 3 controls the inverter 5 through the gate control 
ler 4 based on signals from the communication IC 242. The 
inverter 5 is a single-phase inverter having a normal 
H-shaped bridge Structure. The bridge Structure includes 
four IGBTs (Insulated Gate Bipolar Transistors). The 
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4 
inverter 5 converts a direct current Voltage, which is 
obtained by rectifying power from an alternating power 
Source (not shown), into an alternating Voltage, which has a 
frequency of tens of kilohertz (kHz). The converted alter 
nating Voltage is induced to the Secondary coil 13 from the 
primary coil 23 by electromagnetic induction. Then, on the 
receptacle Side, the alternating Voltage is rectified in a 
rectifier circuit 6, which is connected to the Secondary coil 
6. After being Smoothed in a Smoothing circuit 7, the Voltage 
is used to charge a battery 8. 
A first voltage-divider circuit 100 includes high-resistance 

resistors 101, 102, which are serially connected. The first 
voltage-divider circuit 100 divides the voltage output from 
the rectifier circuit 6 and inputs it into a receptacle controller 
9. A second voltage-divider circuit 103 includes high 
resistance resistors 104, 105, which are serially connected. 
The second voltage-divider circuit 103 divides the battery 
Voltage and inputs it into the receptacle controller 9. 
When the receptacle controller 9 receives high level 

output from the first voltage-divider circuit 100, the recep 
tacle controller 9 instructs the communication IC 142 to 
Send information about the Start of charging and battery 
voltage value to the paddle controller 3. The battery voltage 
value is obtained by A/D converting the output from the first 
voltage-divider circuit 100. The information is transmitted 
to the paddle communication device 24 by radio wave 
communication from the receptacle antenna 143 to the 
paddle antenna 243. In the paddle communication device 24, 
the received radio wave is converted into the original 
information by the communication IC 242. The paddle 
controller 3 monitors the voltage of the battery 8 based on 
the information. The paddle controller 3 supplies the most 
Suitable electric current to the primary coil 23 for charging, 
in accordance with the detected voltage of the battery 8. As 
a result, the battery 8 is charged without waste. 
The first embodiment of the present invention will have 

the following advantages. 
In the communication device, the antenna and the con 

necting line are formed as conductive patterns on the circuit 
board of the communication circuit. This reduces the size 
and weight of the communication device. As a result, the 
Size and weight of the coupling is also reduced. Accordingly, 
costs are lowered Since manufacturing material is reduced. 

Further, there is no need to connect the antenna and the 
communication circuit by coaxial cable when performing 
high-frequency wireleSS communication. 

Since the length of the connecting line connecting the 
communication circuit and the antenna is shortened, attenu 
ation of Signals is reduced. 
The antenna and the connecting line for connecting the 

antenna and the communication circuit are manufactured at 
the same time that the circuit board for the communication 
circuit is manufactured. This shortens manufacturing pro 
ceSS and reduces the number of parts. 

Further, in the first embodiment, the receptacle commu 
nication device is Small, and a large increase of Volume of 
the receptacle is thus avoided. 

In the first embodiment, when the charging paddle 2 is 
inserted in the receptacle 1, the antenna 143 and the antenna 
243 are arranged close to and parallel with one another. This 
ensures good communication between the antennas 143, 
243. Also, communication between the antennas 143, 243 
requires very little transmitting power. Accordingly, the 
radio waves are less likely to interfere with other receivers. 
A second embodiment of the present invention will now 

be described with reference to FIG. 4. In the second 
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embodiment, the receptacle communication device and the 
paddle communication device are different from those of the 
first embodiment. 

The receptacle communication device 14a is embedded in 
the housing 11a. The circuit board 141a, on which the 
receptacle communication IC 142 is mounted, includes three 
layers of conductors (upper, middle, and lower conductors) 
on alumina board 140a. The lower conductor includes an 
antenna 143a, a connecting line 144a, and lower fences 
150a, 151a. The upper conductor includes a connecting line 
146a and an upper fence 147a. The middle conductor 
includes middle fences 148a, 149a. A conductor 145a, 
which is embedded in a via hole, connects the connecting 
lines 144a and 146a. The fences 147a, 148a, 149a, 150a, 
and 151a surround the antenna 143a and are grounded. 
Accordingly, the antenna 143a is shielded against electro 
magnetic interference in all directions except for its down 
ward direction. That is, the Surface of the antenna 143a that 
faces a paddle 2a is unshielded. 
A circuit board 241a is embedded in the charging paddle 

2a. A circuit board 241a, on which the paddle communica 
tion IC 242 is attached, includes two layers of conductors 
(upper and lower conductors) on the alumina board 240a. 
The upper conductor includes an antenna 243a and upper 
fences 247a, 24.8a. The lower conductor includes a connect 
ing line 246a and a lower fence 249a. A conductor 246a, 
which is embedded in a via hole, connects the antenna 243a 
and the connecting line 244a. The fences 247a, 248a and 
249a surround the antenna 243a and are grounded. 
Therefore, the antenna 243a is Shielded against electromag 
netic interference in all directions except for its upward 
direction. That is, the surface of the paddle antenna 243a that 
faces the other antenna 143a is unshielded. 

The Second embodiment has the following advantages in 
addition to the advantages of the first embodiment. 

Since the antennas 143a, 243a are formed on the Surfaces 
of the alumina boards 140a, 240a, which are close to one 
another, the distance between the antennas 143a, 243a is 
shorter than that of the first embodiment. Therefore, the 
receiving Sensitivity is improved. 

The antennas 143a, 243a are shielded against electromag 
netic interference by conductive fences. This reduces inter 
ference by radio wave from outside and reduces leakage of 
radio waves. 

In the first and the Secondary embodiments, the paddle 
communication device is provided in the charging paddle. 
However, except for the antenna, all parts of the paddle 
communication device may be located in the proximal 
portion of the paddle. 

It should be apparent to those skilled in the art that the 
present invention may be embodied in many other specific 
forms without departing from the Spirit or Scope of the 
invention. Therefore, the present examples and embodi 
ments are to be considered as illustrative and not restrictive 
and the invention is not to be limited to the details given 
herein, but may be modified within the Scope and equiva 
lence of the appended claims. 
What is claimed is: 
1. An inductive charger coupling for charging a battery 

using electromagnetic induction, the coupling comprising: 
a charging paddle, wherein the paddle includes a primary 

core, a primary coil and a paddle communication 
circuit for receiving information representing the 
charging State of the battery, the primary coil being 
connected to a power Source and wound around the 
primary core, wherein the paddle circuit board includes 
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6 
a paddle antenna and the paddle communication circuit, 
the paddle antenna being connected to the paddle 
communication circuit, wherein the paddle antenna is a 
conductive print pattern formed on the paddle circuit 
board; and 

a receptacle, in which the paddle is received, for deliv 
ering power to the battery, wherein the receptacle 
includes a Secondary core, a Secondary coil, a recep 
tacle circuit board and a receptacle communication 
circuit for transmitting the information, the Secondary 
coil being electrically connected to the battery and 
wound around the Secondary core, wherein the recep 
tacle circuit board includes a receptacle antenna and the 
receptacle communication circuit, the receptacle 
antenna being connected to the receptacle communica 
tion circuit by a connecting line made of a conductive 
print pattern formed on the receptacle circuit board, 
wherein the receptacle antenna is a conductive print 
pattern formed on the receptacle circuit board. 

2. The inductive charger coupling according to claim 1, 
wherein the receptacle antenna is arranged in close proxim 
ity to the paddle circuit board when the paddle is plugged in. 

3. The inductive charger coupling according to claim 2, 
wherein the receptacle antenna is parallel with the paddle 
antenna when the paddle is plugged in. 

4. The inductive charger coupling according to claim 3, 
wherein the receptacle antenna, except for a side facing the 
paddle circuit board, is shielded by conductive patterns 
formed on the receptacle circuit board. 

5. The inductive charger coupling according to claim 2, 
further including a connecting line made of a conductive 
print pattern formed on the paddle circuitboard, wherein the 
paddle antenna and the paddle communication circuit are 
connected by the connecting line. 

6. The inductive charger coupling according to claim 1, 
wherein the receptacle circuit board and the paddle circuit 
board are waterproof and dust-proof. 

7. The inductive charger coupling according to claim 6, 
wherein the receptacle is installed in a vehicle and the 
coupling is used for charging the vehicle battery. 

8. An inductive charger coupling for charging a battery 
using electromagnetic induction, the coupling comprising: 

a charging paddle, wherein the paddle includes a primary 
core, a primary coil, and a receiving circuit board, 
wherein the primary coil is wound around the primary 
core and is connected to a power Source, wherein the 
receiving circuit board includes a paddle antenna and a 
receiving circuit, wherein the paddle antenna is con 
nected to the receiving circuit, wherein the receiving 
circuit converts radio waves received by the paddle 
antenna into information concerning the battery charg 
ing State; and 

a receptacle, in which the paddle is received, for deliv 
ering power to the battery, wherein the receptacle 
includes a Secondary core, a Secondary coil, a trans 
mitting circuit board for transmitting the information 
using radio waves, the Secondary coil being electrically 
connected to the battery and wound around the Sec 
ondary core, wherein the receiving circuit board 
includes a receptacle antenna and a transmitting circuit, 
the receptacle antenna being connected to the transmit 
ting circuit by a connecting line made of conductive 
print pattern formed on the transmitting circuit board, 
wherein the transmitting circuit converts the informa 
tion into radio waves, the radio waves being transmit 
ted from the receptacle antenna, and wherein the recep 
tacle antenna is a conductive print pattern formed on 
the transmitting board. 
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9. The inductive charger coupling according to claim 8, 
wherein the receptacle antenna is arranged in close proxim 
ity to the paddle antenna when the paddle is plugged in. 

10. The inductive charger coupling according to claim 9, 
wherein the receptacle antenna, except for a side facing the 
receiving circuit board, is Shielded by conductive patterns 
formed on the transmitting circuit board. 

11. The inductive charger coupling according to claim 10 
further including a connecting line made of a conductive 
pattern formed on the receiving circuit board, wherein the 

8 
paddle antenna and the receiving circuit are connected by 
the connecting line. 

12. The inductive charger coupling according to claim 8, 
wherein the transmitting circuit board and the receiving 
circuit board are waterproof and dust-proof. 

13. The inductive charger coupling according to claim 12, 
wherein the receptacle is installed in a vehicle and the 
coupling charges the vehicle battery. 

k k k k k 
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