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MORGAN & FINNEGAN, L.L.P. (57) ABSTRACT 
345 Park Avenue A charger coupling for charging a battery includes a paddle 
New York, NY 10154 (US) and a receptacle. The paddle and the receptacle exchange 

information by radio waves. The paddle includes 
waveguides for guiding radio waves between an antenna of 

(21) Appl. No.: 09/748,898 the paddle and an antenna or the receptacle. The waveguides 
improve the radio communication between the paddle and 

(22) Filed: Dec. 27, 2000 the receptacle. 
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Fig. 3 
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Fig. 5 
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CHARGER COUPLING 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to an inductive 
charger coupling. The coupling includes a receptacle and 
Supplies electricity from an electric power Source to the 
receptacle through the paddle. More particularly, the present 
invention pertains to a wireleSS communication device in the 
coupling. 
0002 FIG. 10 illustrates an inductive charger coupling, 
which includes a charging paddle 1 and a receptacle 6. The 
paddle 1 is attached to the distal end of a cable 3, which is 
connected to an electricity Supply apparatuS 2. The recep 
tacle 6 is located in an electric vehicle 5, which has a battery 
4. As shown by dotted line in FIG. 10, the paddle 1 is 
plugged into the receptacle 6. The battery 4 is charged by 
electromagnetic induction between a coil in the paddle 1 and 
a coil in the receptacle 6. 
0.003 Such a charger coupling performs a plurality of 
procedures Such as interlocking and monitoring. Interlock 
ing refers to a procedure for confirming a proper coupling 
between the paddle 1 and the receptacle 6 before Starting 
charging. Monitoring refers to, for example, a procedure for 
monitoring the charging State of the battery 4 during charg 
ing. The charger coupling also determines the charging 
speed based on the voltage of the battery 4, which is detected 
by a detector in the vehicle 5. 
0004 Signals related to the above procedures are 
exchanged between the paddle 1 and the receptacle 6 by 
wireleSS communication. The receptacle 6 includes an 
antenna (not shown) and the paddle 1 has an antenna (not 
shown) that communicates with to the antenna of the recep 
tacle 6. 

0005 To guarantee reliable communication between the 
paddle 1 and the receptacle 6, the length of the paddle 
antenna is preferably half of the wavelength of the radio 
waves being used. However, if the size of the paddle 1 is 
reduced, it is difficult to maintain the length of the antenna 
at the half of the wavelength. 

SUMMARY OF THE INVENTION 

0006 Accordingly, it is an objective of the present inven 
tion to provide a charger coupling that includes a charging 
paddle and a receptacle and improves the communication. 
0007 To achieve the foregoing and other objectives and 
in accordance with the purpose of the present invention, a 
charger coupling for charging a battery is provided. The 
coupling includes a charging device, a receptacle and a 
waveguide member. The charging device includes a first 
core, a primary coil wound about the first core, and a first 
communication device having a first antenna. The receptacle 
receives the charging device. The receptacle includes a 
Second core, a Secondary coil wound about the Second core, 
and a Second communication device having a Second 
antenna. When the receptacle receives the charging device, 
the Second core and the first core form a magnetic circuit and 
the Secondary core induces a current in response to a current 
Supplied to the primary coil. The Second antenna exchanges 
radio waves with the first antenna. The waveguide member 
guides radio waves between the first antenna and the Second 
antenna. 
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0008. The present invention is also embodied in another 
charger coupling for charging a battery. The coupling 
includes a charging device, a receptacle and a waveguide 
member. The charging device includes a first core, a primary 
coil wound about the first core, a first communication 
circuit, a first antenna connected to the first communication 
circuit and a first case for accommodating the first core, the 
primary coil, the first communication circuit and the first 
antenna. The receptacle receives the charging device. The 
receptacle includes a Second core, a Secondary coil wound 
about the Second core, a Second communication circuit, a 
Second antenna connected to the Second communication 
circuit and a Second case for accommodating the Second 
core, the Secondary coil, the Second communication circuit 
and the Second antenna. The Second antenna faces the first 
antenna. When the receptacle receives the charging device, 
the Second core and the first core form a magnetic circuit, the 
Secondary coil induces a current in response to a current 
Supplied to the primary coil. The waveguide member is a 
conductive member that forms a waveguide in the first case 
between the first antenna and the Second antenna Such that 
the waveguide guides radio waves transmitted between the 
first and Second antennas. 

0009. Other aspects and advantages of the 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 

0010. The invention, together with objects and advan 
tages thereof, may best be understood by reference to the 
following description of the presently preferred embodi 
ments together with the accompanying drawings in which: 

0011 FIG. 1 is a cross-sectional view illustrating an 
inductive charger coupling according to a first embodiment 
of the present invention; 

0012 FIG. 1(a) is an enlarged cross-sectional view of a 
part of FIG. 1; 

0013 FIG. 1(b) is a diagrammatic side view illustrating 
an electricity Supply apparatus, 

0014 FIG. 2 is a cross-sectional view illustrating one of 
the case members of the charging paddle shown in Fig. 

0015 FIG. 3 is a partial enlarged cross-sectional view 
illustrating the case member shown in FIG. 2; 

0016 FIG. 4 is a cross-sectional view illustrating the 
other case member of the charging paddle shown in FIG. 1; 

0017 FIG. 5 is a partial enlarged cross-sectional view 
illustrating the case member shown in FIG. 4; 

0018 FIG. 6 is a cross-sectional view taken along line 
6-6 of FIG. 2; 

0019 FIG. 7 is a plan view illustrating a waveguide 
according to a Second embodiment; 
0020 FIG. 8 is a plan view illustrating a waveguide 
according to a third embodiment; 
0021 FIG. 9 is a plan view illustrating a waveguide 
according to a fourth embodiment; and 
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0022 FIG. 10 is a perspective view illustrating a prior art 
charger coupling for an electric vehicle. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0023. A first embodiment of the present invention will be 
described with reference to FIGS. 1 to 6. 

0024 FIG. 1 illustrates a charger coupling according to 
the first embodiment. The coupling includes a receptacle 10 
and a paddle 11. In FIG. 1, the paddle 11 is plugged into the 
receptacle 10. A reception coil 37 of the receptacle 10 is 
electrically connected to a vehicle battery (not shown). The 
paddle 11 includes a case 12. The case 12 is formed by first 
and second resin case members 13, 14, which are welded to 
each other. As shown in FIGS. 2 and 4, the case 12 includes 
a grip 121 and a plug portion 122. A ferrite core 15 is fitted 
in a hole 123 of the plug portion 122. The paddle 11 is 
connected to a shielded charging cable 16. The cable 16 
extends from a power Source, which is also referred to as an 
electricity supply apparatus 42 (see FIG. 1(a)). Part of the 
cable 16 is located in the grip 121. Power lines 161, 162 in 
the cable 16 extend through the grip 121 and are wound 
about the ferrite core 15, which is located in the plug portion 
122. 

0025. As shown FIG. 2, a substrate 17 and a dipole 
antenna 20 are located on the inner Surface of the first case 
member 13 in the plug portion 122. The longitudinal center 
of the antenna 20 is electrically connected to a signal line 
164, which is used for radio communication. An infrared 
Sensor 18 and a communication circuit 19 are mounted on 
the Substrate 17. The communication circuit 19 activates the 
infrared sensor 18. The Substrate 17, the infrared sensor 18 
and the communication circuit 19 form an infrared trans 
mitter-receiver. The communication circuit 19 is connected 
to a Signal line 163, which is used for infrared communi 
cation. The signal lines 163, 164, are included in the cable 
16. As shown in FIGS. 2 and 4, magnets 21, 22 are located 
in the plug portion 122. The magnets 21, 22 are used for 
detecting that the paddle 11 is inserted into the receptacle 10. 
0026. As shown in FIG. 2, the first case member 13 
includes a first conductive resin inner cover 23. The first 
inner cover 23 is integrated with the other parts of the first 
case member 13 by insert molding. The first inner cover 23 
includes a first panel 24 and a first frame 25. The first frame 
25 is perpendicular to the first panel 24. A notch 251 for 
receiving the cable 16 is formed in the first frame 25. The 
first panel 24 forms part of the first case member 13 and is 
exposed externally. 

0027. As shown in FIGS. 4 and 5, the second case 
member 14 includes a Second conductive resin inner cover 
26. The second inner cover 26 is integrated with the other 
parts of the Second case member 14 by insert molding. The 
Second inner cover 26 includes a Second panel 27 and a 
second frame 28. The second frame 28 is perpendicular to 
the second panel 27. A notch 281 for receiving the cable 16 
is formed in the second frame 28. The panel 27 forms part 
of the Second case member 14 and is exposed externally. The 
shape and the size of the first frame 25 are substantially the 
same as those of the second frame 28. The frames 25, 28 are 
aligned when the case members 13, 14 are mated. The edge 
of the first frame 25 and the edge of the second frame 28 are 
welded to each other. The inner covers 23, 26 form a 
container 33. 
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0028. As shown in FIG. 3, a clamp seat 30 is integrally 
formed with the first inner cover 23. A conductive metal 
clamp 31 is attached to the clamp seat 30 by a screw 32. The 
clamp 31 holds the cable 16 and determines the position of 
the cable 16 in the grip 121. The cable 16 enters the 
container 33 through the opening defined by the notches 
251, 281, which are formed in the frames 25, 28. As shown 
in FIGS. 3 and 6, the clamp 31 is electrically connected to 
a conductive shield layer 165, which surrounds the cable 16. 
The shield layer 165 is connected to a grounding terminal 
(not shown) of the electricity Supply apparatus 42, which is 
shown in FIG. 1(b) 
0029. As shown in FIG. 3, the power lines 161, 162 and 
the signal lines 163, 164, which are included in the cable 16, 
are separate in the container 33. Notches 291,292, 293,294 
are formed in a wall 29 of the first frame 25. The notches 291 
to 294 determine the positions of the lines 161 to 164. 
Specifically, the power lines 161, 162 are received by the 
notches 291, 292, respectively. The signal lines 163, 164 are 
received by the notches 293,294, respectively. As shown in 
FIG. 2, the signal line 164 is connected to the antenna 20. 
0030. As shown in FIG. 1, the receptacle 10 includes an 
aluminum case 34. A resin inner Support 35 is located in the 
case 34. The inner support 35 holds a ferrite core unit 36. 
The core unit 36 includes a pair of cores 361, 362. The 
reception coil 37 is wound about the core 361. FIG. 1 
illustrates a charging State in which the paddle 11 is com 
pletely inserted into a cavity 101 of the receptacle 10 
through an opening 102. In the charging State, the ferrite 
core 15 of the paddle 11 is aligned with the cores 361, 362. 
When electricity is supplied to the power lines 161,162, the 
vehicle battery is charged. The wall 29 and a wall 28A of the 
Second frame 28 are located near the opening 102, and the 
conductive resin coverS 23, 26 Substantially close the open 
ing 102. The antenna 20 is parallel to the walls 29 and 28A 
and extends in the lateral direction of the paddle 11. 
0031 A plurality of conductive metal terminals 341 are 
located in the wall of the opening 102. In the state of FIG. 
1, the terminals 341 elastically contact the externally 
exposed portions of the inner covers 23, 26. The case 34 is 
electrically connected to a vehicle grounding terminal (not 
shown). 
0032. In the state of FIG. 1, some of the noise radiated 
from the power lines 161, 162 and the reception coil 37 in 
the receptacle 10 is absorbed by the aluminum case 34. The 
radiation noise is then converted into a noise current that 
flows to the vehicle grounding terminal. Radiation noise that 
passes through the opening 102 from the receptacle 10 is 
absorbed by the container 33, which substantially blocks the 
opening 102. The noise is then converted into noise current 
that flows to the terminals 341 and the clamp 31. The noise 
current flows from the clamp 31 to the grounding terminal 
of the electricity Supply apparatus 42, which is shown in 
FIG. 1(b), through the shield layer 165. The container 33 
prevents noise radiated from the paddle 11 and the recep 
tacle 10 during charging from escaping. 

0033) As shown in FIGS. 2 and 3, conductive metal 
plating layers 45, 45A are formed on the inner Surface of the 
case member 13 near the antenna 20, the outer Surface of the 
wall 29, the Surface of the notches 291, 292, 293, 294, the 
inner Surface of the inner cover 23, the Surface of the notch 
251, the Surface of the clamp seat 30 and the inner surface 
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of the case member 13 near the clamp seat 30. The plating 
layers 45 and 45A are connected to each other at the notches 
291, 292, 293,294. As shown in FIGS. 4 and 5, conductive 
metal plating layerS 46, 46A are formed on the inner Surface 
of the second inner cover 26, the Surface of the notch 281 
and the inner Surface of the case member 14 near the clamp 
seat 30. The plating layers 46 and 46A are electrically 
connected to each other by the second inner cover 26. The 
plating layers 45, 45A and 46, 46A are close to each other 
at the contacting edges of the case members 13, 14, that is, 
between the edge of the first frame 25 and the edge of the 
second frame 28. As shown in FIG. 6, the plating layer 45A 
is connected to the shield layer 165 by the clamp 31. As 
shown in FIG. 1, the antenna 20 is insulated from the plating 
layers 45, 45A, 46, 46A. 
0034. As shown in FIG. 3, the plating layer 45 defines a 
waveguide 47 on the inner Surface of the case member 13. 
The waveguide 47 includes a main portion 471 and a center 
portion 472, which extends from the center of the main 
portion 471. As shown in FIG. 5, the plating layer 46 defines 
a waveguide 48 on the inner surface of the case member 14. 
The waveguide 48 includes a main portion 481 and a center 
portion 482, which extends from the center of the main 
portion 481. 
0035) The waveguide 47 faces the waveguide 48 with the 
antenna 20 in between. The clearance between the antenna 
20 and the waveguide 47 is slightly less than the clearance 
between the antenna 20 and the waveguide 48. The antenna 
20 contacts the signal line 164 between the center portions 
472 and 482. In other words, the junction between the 
antenna 20 and the signal line 164 is located between the 
center portions 472 and 482. As shown in FIG. 5, the plating 
layer 46 includes adjusters 461, 462. The length L1 shown 
in FIG. 5 is approximately the quarter of the wavelength ). 
of the radio wave used by the antenna 20. The length L2 
shown in FIG. 3 is shorter than the length L1. The antenna 
20 is shorter than the half of the wavelength 2. 
0036). In this specification, the first case member 13 is 
defined to be located to the left of the antenna 20 and the 
second case member 14 is defined to be located to the right 
of the antenna 20. Therefore, the plating layers 45, 45A are 
located to the left of the antenna 20 and the plating layers 46, 
46A are located to the right of the antenna 20. 
0037. As shown in FIG. 1, an infrared sensor 38 and a 
communication circuit 39 are located in the inner support 35 
of the receptacle 10. The communication circuit 39 actuates 
the infrared sensor 38. The infrared sensor 38 and the 
communication circuit 39 form an infrared transmitter 
receiver. Also, an antenna 40 and a communication circuit 
41 are located in the inner support 35. The antenna 40 and 
the communication circuit 41 form a radio transmitter 
receiver. A magnetic Sensor 44 is also located in the Support 
35. 

0038. When the paddle 11 is completely inserted in the 
cavity 101 of the receptacle 10, the antenna 40 is aligned 
with the antenna 20, and the waveguide 48 is in between the 
two antennas 20, 40. The infrared sensor 38 of the receptacle 
10 is aligned with the infrared sensor 18 of the paddle 11. 
Also, when the paddle 11 is oriented as illustrated in FIG. 
1, the magnet 21 of the paddle 11 (see FIGS. 2 and 4) is 
aligned with the magnet sensor 44 of the receptacle 10. If the 
paddle 11 is completely inserted in the cavity 101 of the 
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receptacle 10 in an orientation opposite to that of FIG. 1, the 
antenna 40 is aligned with the antenna 20, and the 
waveguide 47 is in between the two antennas 20, 40. Also, 
the infrared sensor 38 of the receptacle 10 is aligned with the 
infrared sensor 18 of the paddle 11. The magnet 22 of the 
paddle 11 (see FIGS. 2 and 4) is aligned with the magnet 
sensor 44 of the receptacle 10. 

0039. The infrared sensor 18, the infrared sensor 38 and 
the communication circuit 39 form an infrared communica 
tion system. The antenna 20, the antenna 40 and the com 
munication circuit 41 form a radio communication System. 
The infrared communication System and the radio commu 
nication system are used selectively. A controller 43 of the 
electricity supply apparatus 42, which is shown in FIG. 1A, 
uses either the radio communication System or the infrared 
communication System while charging the vehicle battery. 
At this time, the controller 43 performs an interlock control 
procedure and monitors the charging State. In the interlock 
procedure, a proper coupling between the paddle 1 and the 
receptacle 6 is confirmed before charging is started. The 
magnet Sensor 44 detects either the magnet 21 or the magnet 
22 when the paddle 11 is completely inserted into the 
receptacle 10 and sends the detected information to the 
controller 43. The controller 43 also performs the monitor 
ing procedure for monitoring the charging State of the 
battery during charging. Signals related to the interlocking 
and monitoring procedures are exchanged between the 
antenna 40 of the receptacle 10 and the antenna 20 of the 
paddle 11 or between the infrared sensor 38 of the receptacle 
10 and the infrared sensor 18 of the paddle 11. 
0040. The illustrated embodiment has the following 
advantages. 

0041) When the paddle 11 is inserted into the cavity 101 
of the receptacle 10, the waveguide 48 or 47 is located 
between the antennas 20 and 40. The plating layers 46 and 
45, which define the waveguides 48 and 47, guide the radio 
waves between the antennas 20 and 40. The waveguides 48, 
47 improve the characteristics of the antenna 20, which is 
shorter than the half of the wavelength ), which improves 
the radio communication between the paddle 11 and the 
receptacle 10. 

0042. When the paddle 11 is completely inserted into the 
receptacle 10, the waveguide 48 or the waveguide 47 is 
located between and aligned with the antennas 20 and 40. 
This structure improves the radio communication perfor 
mance between the paddle 11 and the receptacle 10. 

0043. The main portion 481 or 471 is located between the 
antennas 20 and 40. The center portion 482 or 472 corre 
sponds to the junction between the antenna 20 and the Signal 
line 164. This structure improves the characteristics of the 
antenna 20, which is a dipole antenna. 
0044) The plating layers 45, 45A are located to the left of 
the antenna 20 and the plating layers 46, 46A are located to 
the right of the antenna 20. The paddle 11 is inserted into the 
receptacle 10 in either orientation. That is, the paddle 11 can 
be in inserted into the receptacle 10 with the second case 
member 14 being above of the first case member 13, from 
the perspective of FIG. 1, or the first case member 13 can 
be above the Second case member 14. In either case, one of 
the waveguides 48, 47 is located between the antenna 40 of 
the receptacle 10 and the antenna 20 of the paddle 11. 



US 2001/0035.734 A1 

Therefore, the structure of the illustrated embodiment 
improves the communication between the receptacle 10 and 
the paddle 11 regardless of the orientation of the paddle 11. 
004.5 The waveguides 47, 48 are defined by the plating 
layers 45, 46, which simplifies the structure. 
0046) The plating layers 45, 46 are the most preferable 
structure for defining the waveguides 47, 48. 
0047 The plating layers 45, 46, which define the 
waveguides 47, 48, are preferably grounded to improve the 
performance of the waveguides 47, 48. The plating layer 45 
is connected to the grounding terminal of the electricity 
Supply apparatus 42 through the plating layer 45A, the 
clamp 31 and the shield layer 165. Also, the plating layer 46 
is connected to the grounding terminal of the apparatus 42 
through the plating layer 46A, the clamp 31 and the shield 
layer 165. Thus, the illustrated embodiment improves the 
performance of the waveguides 47, 48. 

0.048. The clearance between the antenna 20 and the 
waveguide 47 is slightly less than the clearance between the 
antenna 20 and the waveguide 48. This is because the plating 
layer on the outer surface of the wall 29, which is substan 
tially grounded, is close to the antenna 20. 

0049. The clearance between the antenna 20 and the 
waveguides 47, 48 are preferably as Small as possible to 
improve the performance of the waveguides 47, 48. The 
clearance between the antenna 20 and the waveguide 48 is 
greater than the clearance between the antenna 20 and the 
waveguide 47. Therefore, the performance of the waveguide 
48 is not as good as that of the waveguide 47. However, the 
loSS of performance is compensated for by Setting the length 
L1 of the adjusters 461, 462 to one quarter of the wavelength 
2. 

0050. 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. Particularly, it should be understood that the 
invention may be embodied in the following forms. 
0051. The shape of the waveguide may be changed. For 
example, waveguides 49, 50,51 having the shapes shown in 
FIGS. 7, 8 and 9 may be used. 
0.052 The waveguide 48 on the second case member 14 
may be replaced by a waveguide that has the same shape as 
the waveguide 47. 

0053) The waveguide 47 on the first case member 13 may 
be replaced by a waveguide that has the same shape as the 
waveguide 48. 

0054) A projection may be formed on the inner surface of 
each case member 13, 14 that faces the antenna 20 and a 
plating layer may be formed on each projection for defining 
a waveguide. The waveguides are relatively close to the 
antenna 20, which improves the performance of the antenna 
2O. 

0055. The waveguides 47, 48 may be defined by conduc 
tive metal plates. 

0056. A conductive plating layer or a conductive metal 
plate may be located between the antennas 20 and 40 and 
used as a waveguide. 
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0057 The waveguides 47, 48 may be defined by conduc 
tive resin. 

0058. Therefore, the present examples and embodiments 
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 equivalence of the 
appended claims. 

What is claimed is: 
1. A charger coupling for charging a battery, the coupling 

comprising: 
a charging device, wherein the charging device includes a 

first core, a primary coil wound about the first core, and 
a first communication device having a first antenna; 

a receptacle for receiving the charging device, wherein the 
receptacle includes a Second core, a Secondary coil 
wound about the Second core, and a Second communi 
cation device having a Second antenna, wherein, when 
the receptacle receives the charging device, the Second 
core and the first core form a magnetic circuit and the 
Secondary core induces a current in response to a 
current Supplied to the primary coil, and wherein the 
Second antenna eXchanges radio waves with the first 
antenna; and 

a waveguide member, wherein the waveguide member 
guides radio waves between the first antenna and the 
Second antenna. 

2. The charger coupling according to claim 1, wherein the 
waveguide member is a conductive member that forms a 
waveguide between the first antenna and the Second antenna. 

3. The charger coupling according to claim 1, wherein the 
waveguide member is a first waveguide member and the 
waveguide is a first waveguide, the charger coupling further 
comprising a Second waveguide member, wherein the Sec 
ond waveguide member is a conductive member that has a 
Second waveguide, and wherein the Second waveguide 
member is located at the opposite Side of the first antenna 
from the first waveguide member. 

4. A charger coupling for charging a battery, the coupling 
comprising: 

a charging device, wherein the charging device includes a 
first core, a primary coil wound about the first core, a 
first communication circuit, a first antenna connected to 
the first communication circuit and a first case for 
accommodating the first core, the primary coil, the first 
communication circuit and the first antenna; 

a receptacle for receiving the charging device, wherein the 
receptacle includes a Second core, a Secondary coil 
wound about the Second core, a Second communication 
circuit, a Second antenna connected to the Second 
communication circuit and a Second case for accom 
modating the Second core, the Secondary coil, the 
Second communication circuit and the Second antenna, 
wherein the Second antenna faces the first antenna, and 
wherein, when the receptacle receives the charging 
device, the Second core and the first core form a 
magnetic circuit, the Secondary coil induces a current in 
response to a current Supplied to the primary coil, and 

a waveguide member, wherein the waveguide member is 
a conductive member that forms a waveguide in the 
first case between the first antenna and the Second 
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antenna Such that the waveguide guides radio waves 
transmitted between the first and Second antennas. 

5. The charger coupling according claim 4, wherein the 
first antennal is a dipole antenna, and wherein the waveguide 
includes a center portion and a main portion, and wherein 
the center portion corresponds to a junction between the first 
antenna and a signal line and the main portion corresponds 
to and extends along the first antenna. 

6. The charger coupling according to claim 5, wherein the 
waveguide member comprises a conductive metal plating 
layer formed on the inner Surface of the first case. 

7. The charger coupling according to claim 5, wherein the 
waveguide member is a first waveguide member and the 
waveguide is a first waveguide, and the charger coupling 
further comprises a Second waveguide member, wherein the 
Second waveguide member is a conductive member that has 
a Second waveguide, and wherein the Second waveguide 
member is located at the opposite Side of the first antenna 
from the first waveguide member. 
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8. The charger coupling according claim 7, wherein the 
center portion is a first center portion and the main portion 
is a first main portion, and wherein the Second waveguide 
includes a Second center portion and a Second main portion, 
and wherein the Second center portion corresponds to a 
junction between the first antenna and a signal line and the 
Second main portion corresponds to and extends along the 
first antenna. 

9. The charger coupling according to claim 8, wherein the 
Second waveguide member comprises a conductive metal 
plating layer formed on the inner Surface of the first case. 

10. The charger coupling according to claim 8, wherein 
the length of the first antenna is less than a half of the 
wavelength of the used radio waves, and wherein the length 
of the first main portion is Substantially equal to a quarter of 
the wavelength of the radio waves, and wherein the length 
of the Second main portion is less than the length of the first 
main portion. 


