
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2007/0285089 A1 

US 20070285089A1 

BUK et al. (43) Pub. Date: Dec. 13, 2007 

(54) CURRENT DETECTION PRINTED BOARD, (30) Foreign Application Priority Data 
VOLTAGE DETECTION PRINTED BOARD, 
CURRENTAVOLTAGE DETECTION PRINTED Mar. 31, 2006 (JP) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2006-10 1082 

BOARD, CURRENT/VOLTAGE DETECTOR, Aug. 30, 2006 (JP) ................................. 2006-234514 
CURRENT DETECTOR AND VOLTAGE 
DETECTOR Publication Classification 

O - O (51) Int. Cl. (75) Inventors: Yoshifumi IBUKI, Osaka (JP): 
Shuji OMAE, Osaka (JP); Hideo GOIR 33/00 (2006.01) 
ITO, Osaka (JP) (52) U.S. Cl. ....................................................... 324/260 

Correspondence Address: (57) ABSTRACT 
GREENBLUM & BERNSTEIN, P.L.C. 
1950 ROLAND CLARKE PLACE A current detection printed board includes: a board having a 
RESTON, VA 20191 penetration hole that penetrates the board; and at least one 

wire that is formed in a coiled shape having both ends by 
(73) Assignee: DAIHEN CORPORATION, penetrating the board along the periphery of the penetration 

Osaka (JP) hole and alternately connecting a front Surface layer and a 
rear surface layer of the board, wherein, when a conductor, 

(21) Appl. No.: 11/687,973 in which an AC current flows, is disposed to pass through the 
inside of the penetration hole, a current flowing in the wire 

(22) Filed: Mar. 19, 2007 is output through electromagnetic induction. 

69 

66 

  



US 2007/0285089 A1 Dec. 13, 2007 Sheet 1 of 26 Patent Application Publication 

ZZ 

IZ 

  

  



Patent Application Publication Dec. 13, 2007 Sheet 2 of 26 US 2007/0285089 A1 

FIG. 2 

  



Patent Application Publication Dec. 13, 2007 Sheet 3 of 26 US 2007/0285089 A1 

as 
to 

S. N 
() 

l 
s a. 

  

  

  



Patent Application Publication Dec. 13, 2007 Sheet 4 of 26 US 2007/0285089 A1 

FIG. 4A 

FIG. 4B 

121 

111 
1. 3 1. 22 O2C2O2 

2 a 2 
112 

132 
113 

122 

121 

111 
131 

112 
132 

122 

  



Patent Application Publication Dec. 13, 2007 Sheet 5 of 26 US 2007/0285089 A1 

FIG. 5 

1. 

10-1a 10-2a. y 10-2b 10-1b. 

23-2 23-1 24-1 24-2 

  



US 2007/0285089 A1 Dec. 13, 2007 Sheet 6 of 26 Patent Application Publication 

  



Patent Application Publication Dec. 13, 2007 Sheet 7 of 26 US 2007/0285089 A1 

FIG. 7 

23-2 23-1 24-1 24-2 

  



Patent Application Publication Dec. 13, 2007 Sheet 8 of 26 US 2007/0285089 A1 

c 
o 
t 

S 
r t 

S As S N S. SSSSSSSSSSS SSSSSSSSSS SSSSSSSS 
CN o 
S S 

SS SSSSSSS 

SS SS 

SSSSSS SSSSSSSS 

O Q SS 
OO OO l 

c O 
t s l 
S Rs t R. SS S. SSSSSS 
CN 
es 
wn 

SS f 

SSSSSSSSS 

SSSSSSSSSSSSS SSSSSSSSSS 



Patent Application Publication Dec. 13, 2007 Sheet 9 of 26 US 2007/0285089 A1 

D 
t 
CN 

21 

O) 

S 
UN 

S r 

S s 
l 

  



US 2007/0285089 A1 Dec. 13, 2007 Sheet 10 of 26 

(£G) ZE IZ 

Patent Application Publication 

  



Patent Application Publication Dec. 13, 2007 Sheet 11 of 26 US 2007/0285089 A1 

31 34 35 36 

FIG. 1 1A 

222 

FIG. 1 1B 

  



Patent Application Publication Dec. 13, 2007 Sheet 12 of 26 US 2007/0285089 A1 

  

  

  



Patent Application Publication Dec. 13, 2007 Sheet 13 of 26 US 2007/0285089 A1 

On S 
Se 
O 
U is 

Y= 

SS - 
t 

S 
l 

s 

  

  



US 2007/0285089 A1 Dec. 13, 2007 Sheet 14 of 26 Patent Application Publication 

N a 2 

00$ 

  

  

  

  



Patent Application Publication Dec. 13, 2007 Sheet 15 of 26 US 2007/0285089 A1 

  

  



Patent Application Publication Dec. 13, 2007 Sheet 16 of 26 US 2007/0285089 A1 

FIG. 17 

2% 

N N 
22 

300 

  

    

  

  

  



Patent Application Publication Dec. 13, 2007 Sheet 17 of 26 US 2007/0285089 A1 

FIG. 18A FIG. 18B 

301 301 

317 318 at , : , 
300 300 

S AeS 

  



Patent Application Publication Dec. 13, 2007 Sheet 18 of 26 US 2007/0285089 A1 

300a 

  



Patent Application Publication Dec. 13, 2007 Sheet 19 of 26 US 2007/0285089 A1 

FIG.22 

32O 

  



Patent Application Publication Dec. 13, 2007 Sheet 20 of 26 US 2007/0285089 A1 

FIG.24A FIG. 24B 
40 41   



Patent Application Publication Dec. 13, 2007 Sheet 21 of 26 US 2007/0285089 A1 

FIG. 26 

301 

Š Š SS - TI SS s\SS 

30 

401 

10 

21 23 24 22 

    

    

  

  



Patent Application Publication Dec. 13, 2007 Sheet 22 of 26 US 2007/0285089 A1 

301 

4 

Š SYR SSS 
2 2 22 

FIG. 29 

SS 
22 

2 
S.Š 

2. 

305 305 
306 306 

  

  

      

    

  

    

  

    

  



Patent Application Publication Dec. 13, 2007 Sheet 23 of 26 US 2007/0285089 A1 

FIG. 30 

61 62 63 64 65 

FE." (MEANS (ES 
SUPPLY DEVICE PROCESSING 
DEVICE DEVICE) 

63a. 63b 

CURRENT 
CONVERSION 

CIRCUIT 

VOLTAGE 
CONVERSION 

CIRCUIT 

  

  

  

  

  

  

  

  

  



Patent Application Publication Dec. 13, 2007 Sheet 24 of 26 US 2007/0285089 A1 

FIG. 32 

  



Patent Application Publication Dec. 13, 2007 Sheet 25 of 26 US 2007/0285089 A1 

93 

92 
69 

-N-91b 

6 6 

FIG. 33C 
FIG. 33B 

  



Patent Application Publication Dec. 13, 2007 Sheet 26 of 26 US 2007/0285089 A1 

FIG. 34 

66 67 68 J 68 
- - - - - - - - - - - - - - - - - - - - - 

63a. MATCHING 63b 
CIRCUIT 

VOLTAGE 
CONVERSION 

CIRCUIT 

CURRENT 
CONVERSION 

CIRCUIT 

  

  

  

  

  



US 2007/0285089 A1 

CURRENT DETECTION PRINTED BOARD, 
VOLTAGE DETECTION PRINTED BOARD, 
CURRENTAVOLTAGE DETECTION PRINTED 
BOARD, CURRENT/VOLTAGE DETECTOR, 
CURRENT DETECTOR AND VOLTAGE 

DETECTOR 

BACKGROUND OF THE INVENTION 

0001 1. Technical Field of the Invention 
0002 The present invention relates to a current detection 
printed board that is used to detect an alternating current 
flowing in a power transmission conductor used as an 
alternating current (AC) power transmission path, to a 
voltage detection printed board that is used to detect an AC 
Voltage to be generated in the power transmission conductor, 
to a current/voltage detection printed board that is used to 
detect the alternating current (AC current) and the AC 
Voltage, to a current/voltage detector to detect the alternating 
current and the AC voltage, and to a current detector and a 
Voltage detector. In particular, the invention relates to a 
technology that uses high-frequency power as AC power. 
0003 2. Description of the Related Art 
0004. Like an impedance matching device or a high 
frequency power Supply device, there is known a device that 
detects AC power current and Voltage and performs a control 
using the detected current and Voltage. As an example, an 
impedance matching device will now be described. 
0005 FIG. 30 is a block diagram of an example of a 
high-frequency power Supply System that uses an impedance 
matching device. 
0006. The high-frequency power supply system is a sys 
tem that performs a processing, Such as plasma etching or 
plasma CVD. on a workpiece, such as a semiconductor 
wafer or a liquid crystal Substrate. The high-frequency 
power Supply system includes a high-frequency power Sup 
ply device 61, a transmission line 62, an impedance match 
ing device 63, a load connection portion 64, and a load 65 
(plasma processing device 65). 
0007. The high-frequency power supply device 61 is a 
device that outputs high-frequency power to the plasma 
processing device 65 as a load. Moreover, high-frequency 
power output from the high-frequency power Supply device 
61 is Supplied to the plasma processing device 65 through 
the transmission line 62 having a coaxial cable, the imped 
ance matching device 63, and the load connection portion 64 
having a shielded copper plate. In general, the high-fre 
quency power Supply device 61 outputs high-frequency 
power having a frequency of a radio frequency band (for 
example, a frequency of hundreds kHz or more). 
0008. The plasma processing device 65 is a device that 
performs a processing (etching or CVD) on a wafer or a 
liquid crystal Substrate. 
0009. The impedance matching device 63 includes a 
matching circuit that has a variable impedance element (for 
example, a variable capacitor, a variable inductor, or the 
like) (not shown) therein. The impedance matching device 
63 has a control function of changing impedance of the 
variable impedance element in the matching circuit to 
accomplish impedance matching between the high-fre 
quency power supply device 61 and the load 65. 
0010. In order to perform the above-described control, a 
current detector and a voltage detector are provided between 
an input terminal 63a of the impedance matching device 63 
and the matching circuit. The current detector and the 
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Voltage detector detect high-frequency current and high 
frequency Voltage output from the high-frequency power 
supply device 61. Information of forward wave power or 
reflected wave power is obtained using the current and 
voltage detected by the detectors. Then, impedance of the 
variable impedance element is controlled using the obtained 
information to accomplish impedance matching. 
0011 FIG. 31 is a schematic circuit diagram of a current 
detector 80 and a voltage detector 90 provided between the 
input terminal and a matching circuit 67 of the impedance 
matching device 63. As shown in FIG. 31, a power trans 
mission conductor 66 (for example, rod-shaped copper) 
serving as a power transmission path is provided between 
the input terminal 63a and the matching circuit 67. Then, the 
current detector 80 and the voltage detector 90 are provided 
on the power transmission conductor 66. 
0012. The current detector 80 has a current transformer 
81, output wires 82 and 83 of the current transformer 81, a 
current conversion circuit 84, and an output wire 85 of the 
current conversion circuit 84. In the current detector 80, a 
current according to an AC current that flows in the power 
transmission conductor 66 flows in the current transformer 
81. This current is input to the current conversion circuit 84 
through the output wires 82 and 83 and is converted into a 
predetermined voltage level. Then, the converted voltage is 
output from the output wire 85 of the current conversion 
circuit 84. 
0013 The voltage detector 90 has a capacitor 91, an 
output wire 92 of the capacitor 91, a voltage conversion 
circuit 93, and an output wire 94 of the voltage conversion 
circuit 93. In the voltage detector 90, a voltage according to 
an AC voltage generated in the power transmission conduc 
tor 66 is generated in the capacitor 91. This voltage is input 
to the voltage conversion circuit 93 through the output wire 
92 and is converted into a predetermined voltage level. 
Then, the converted voltage is output from the output wire 
94 of the voltage conversion circuit 93. 
0014 Subsequently, as described above, the information 
of forward wave power or reflected wave power is obtained 
using the current and Voltage detected by the current detec 
tor 80 and the voltage detector 90. The current detector 80 
and the voltage detector 90 have a structure shown in FIGS. 
32 and 33A to 33C. 

0015 FIG. 32 is a schematic exterior view of the current 
detector 80 and the voltage detector 90. 
(0016 FIGS. 33A to 33C are explanatory views illustrat 
ing the configuration of the current detector 80 and the 
voltage detector 90 shown in FIG. 32. Specifically, FIG.33A 
is a diagram showing the interior of a casing (indicated by 
a dotted line) of FIG. 32 in perspective view. FIG. 33B is a 
diagram showing the vicinity of the current transformer 81 
as viewed from the transverse side of FIG. 33A. FIG. 33C 
is a diagram showing the vicinity of the capacitor 91 as 
viewed from the transverse side of FIG. 33A. 
(0017. In FIGS. 32 and 33A to 33C, the power transmis 
sion conductor 66 and an insulator 69 covering the power 
transmission conductor 66, not included in the current 
detector 80 and the voltage detector 90, are shown for 
explanation. Further, in FIGS. 32 and 33A to 33C, for 
convenience, the same parts as those in FIG. 31 are repre 
sented by the same reference numerals. 
0018. Hereinafter, the current detector 80 and the voltage 
detector 90 will be described with reference to FIGS. 32 and 
33A to 33C. 
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0019. In FIGS. 32 and 33A to 33C, the power transmis 
sion conductor 66 is, for example, a cylindrical copper rod. 
The periphery of the power transmission conductor 66 is 
covered with a hollow insulator 69. Then, the power trans 
mission conductor 66 and the insulator 69 pass through a 
casing 71. Further, the current transformer 81 constituting 
the current detector 80 and the capacitor 91 constituting the 
voltage detector 90 are accommodated in the casing 71. 
0020. In the current transformer 81, a coated copper wire 
or the like is wound around a ring-shaped magnetic core (for 
example, a toroidal core using a ferrite) to form a coiled 
wire. Then, the current transformer 81 is disposed such that 
the power transmission conductor 66 passes through the 
magnetic core. Accordingly, a current according to a current 
flowing in the power transmission conductor 66 flows in the 
coiled wire of the current transformer 81. 
0021. The current flowing in the current transformer 81 is 
input to the current conversion circuit 84 through the output 
wires 82 and 83 that are connected to both ends of the coiled 
wire. Then, the current conversion circuit 84 converts the 
input current into a predetermined Voltage level and outputs 
the converted Voltage. 
0022. The capacitor 91 is formed by providing a ring 
shaped conductor 91b (for example, a copper ring) in the 
vicinity of the insulator 69. The ring-shaped conductor 91b 
and a portion 91a facing the power transmission conductor 
66 function as electrodes of the capacitor. Accordingly, a 
Voltage according to the Voltage generated in the power 
transmission conductor 66 is generated in the capacitor 91. 
The voltage generated in the capacitor 91 is input to the 
voltage conversion circuit 93 through the output wire 92 
connected to the ring-shaped conductor 91b. Then, the 
voltage conversion circuit 93 converts the input voltage into 
a predetermined Voltage level and outputs the converted 
Voltage. 
0023. Moreover, in FIGS. 32 and 33A to 33C, the output 
wire 85 of the current conversion circuit 84 and the output 
wire 94 of the voltage conversion circuit 93 are not shown. 
Further, in order to protect the current conversion circuit 84 
and the voltage conversion circuit 93 from an influence of an 
electromagnetic wave, a common conductor cover 72 is 
provided to cover the current conversion circuit 84 and the 
voltage conversion circuit 93. FIG. 32 shows a state where 
the cover 72 is removed, in order to show the current 
conversion circuit 84 and the voltage conversion circuit 93. 
Further, in FIGS. 33A to 33C, the cover 72 is not shown. 
0024. As described with reference to FIGS. 32 and 33A 
to 33C, the current detector 80 and the voltage detector 90 
have the casing that covers the current transformer 81, the 
capacitor 91, and the like, in addition to the parts of the 
circuit diagram in FIG. 31. The casing is common to the 
current detector 80 and the voltage detector 90 according to 
the related art. 

0025. The current detector 80 and the voltage detector 90 
described above can be used to other devices, such as the 
high-frequency power supply device 61 or the like. For 
example, in case of the high-frequency power Supply device, 
the current detector and the voltage detector are provided at 
an output terminal of the high-frequency power Supply 
device 61. In this case, the current detector and the voltage 
detector are used to detect current and Voltage required for 
controlling output forward wave power to have a set value. 
0026. The current detector and the voltage detector may 
detect current and voltage at the output terminal 63b of the 
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impedance matching device or the input terminal of the load 
65 and may be used to control or analyze the detected 
current or Voltage. 
0027 FIG. 34 is a circuit diagram showing a case where 
the current detector 80 and the voltage detector 90 are 
provided between the matching circuit and the output ter 
minal in the impedance matching device. 
0028. As shown in FIG. 34, the current detector 80 and 
the voltage detector 90 are provided on the power transmis 
sion conductor 68 between the matching circuit 67 and the 
output terminal 63b in the impedance matching circuit. In 
this case, the current detector 80 and the voltage detector 90 
detect current and voltage at the output terminal 63b of the 
impedance matching circuit. 
0029. In FIG. 34, the same parts as those of the circuit 
diagram in FIG. 31 are represented by the same reference 
numerals. Meanwhile, there is a difference in current and 
voltage at the input terminal 63a and the output terminal 63b 
of the impedance matching circuit. Accordingly, the current 
detector 80 and the voltage detector 90 have a structural 
difference in view of current resistance and Voltage resis 
tance. In FIG. 34, the same reference numerals are used 
regardless of the structural difference. For example, the 
output terminal 63b of the impedance matching circuit has 
higher current and Voltage than the input terminal 63a 
thereof. For this reason, when the current detector 80 and the 
voltage detector 90 are provided at the output terminal 63b 
of the impedance matching circuit, it is necessary to extend 
an insulation length, compared with a case where the current 
detector 80 and the voltage detector 90 are provided at the 
input terminal 63a of the impedance matching circuit. In 
order to extend the insulation length, a conductor having a 
large diameter is used as the power transmission conductor 
68 or the insulator 69 covering the periphery of the power 
transmission conductor 68 has a large thickness. In FIG. 34. 
however, for convenience, the structural difference is not 
considered. 
0030. As shown in FIG. 34, when the current detector and 
the Voltage detector are used in the impedance matching 
circuit, it is necessary to additionally provide a detector for 
detecting information of current and Voltage for impedance 
matching on the input side of the impedance matching 
circuit. 
0031. Patent Document 1: JP-A-2003-302431 
0032. Patent Document 2: JP-A-2004-854.46 
0033 Since the current transformer 81 constituting the 
current detector 80 is formed by winding the wire around the 
magnetic core, a variation in wiring interval or wiring 
strength may easily occur. For this reason, when a plurality 
of current detectors 80 are formed, a variation in detection 
value of the individual current detectors 80 may easily occur. 
0034) Further, a variation in shape of the output wires 82 
and 83 of the current transformer 81 may easily occur, which 
may cause a variation in current detection value. 
0035. The inner diameter of the ring-shaped conductor 
91b constituting the voltage detector 90 is substantially 
consistent with the outer diameter of the insulator 69 cov 
ering the periphery of the power transmission conductor 66. 
The ring-shaped conductor 91b is fitted into the insulator 69. 
That is, the ring-shaped conductor 91b is positioned by the 
insulator 69. However, the insulator 69 may be thinned due 
to a secular change or the like. In this case, the position of 
the ring-shaped conductor 91b may be unstable, and a gap 
may occur between the power transmission conductor 66 
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and the insulator 69. In this state, if an external force acts on 
the power transmission conductor 66, the positional rela 
tionship between the power transmission conductor 66 and 
the ring-shaped conductor 91b changes. Then, a Voltage 
detection value changes from an initial state (upon adjust 
ment of the detector). Besides, since the position of the 
ring-shaped conductor 91b is unstable, when a plurality of 
voltage detectors 90 are formed, a variation in detection 
value of the individual voltage detectors 90 may easily 
OCCU. 

0036 Further, a variation in shape of the output wire 92 
of the ring-shaped conductor 91b may easily occur, which 
may cause a variation in Voltage detection value. 
0037. That is, in case of the current detector 80 or the 
voltage detector 90, when a plurality of detectors are 
formed, a variation in detection value of the individual 
detectors may easily occur. 
0038. Further, since the wire is wound around the core in 
the current transformer 81 constituting the current detector 
80, there is a self-resonant frequency by self inductance and 
line capacitance. However, since relative magnetic perme 
ability of a magnetic material used for the core is large, the 
self-resonant frequency becomes low. For this reason, an 
upper limit of a detectable frequency band becomes low. 
That is, the detectable frequency band is limited. 
0039. In case of manufacturing the impedance matching 
device, when the current detector 80 and the voltage detector 
90 are installed in the device, it is necessary to install the 
power transmission conductor 66 and the like simulta 
neously. However, there are many cases where the imped 
ance matching device or the like is cramped. Accordingly, it 
may be difficult to install the power transmission conductor 
66 and the like simultaneously due to interference with other 
parts. In addition, when the current detector 80 and the 
voltage detector 90 are removed for maintenance, since it is 
necessary to remove the power transmission conductor 66 
and the like simultaneously, it may be difficult to remove the 
current detector 80 and the voltage detector 90. For example, 
when the current detector 80 and the voltage detector 90 are 
disposed on the back side of the impedance matching device, 
it is necessary to remove the parts on the front side. At this 
time, in the configuration of the related art, since the Volume 
of a portion to be removed becomes large, and thus it is 
necessary to remove more parts. As a result, a larger number 
of work steps are required. 
0040. Further, the positions of the current detector 80 and 
the voltage detector 90 are a little away from each other with 
respect to the axial direction of the power transmission 
conductor 66. Therefore, the current and voltage are 
detected in different positions. Accordingly, there is a factor 
causing deterioration of detection accuracy of a phase dif 
ference between the current and the voltage. 

SUMMARY OF THE INVENTION 

0041 An object of the invention is to provide a current 
transformer and a capacitor that can reduce a variation in 
current detection value or voltage detection value of indi 
vidual detectors even though a plurality of detectors. 
Another object of the invention is to provide a current/ 
Voltage detector, and a current detector and a Voltage detec 
tor that use the current transformer and the capacitor. Still 
another object of the invention is to improve maintenance 
and detection accuracy of the phase difference. 
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0042. According to a first aspect of the invention, there is 
provided a current detection printed board comprising: 
0043 a board having a cutout; and 
0044 at least one wire that is formed in a coiled shape 
having both ends by penetrating the board along the periph 
ery of the cutout and alternately connecting a front Surface 
layer and a rear surface layer of the board, 
0045 wherein, when a conductor, in which an AC current 
flows, is disposed adjacent to the cutout, a current flowing in 
the wire through electromagnetic induction is output. 
0046 According to a second aspect of the invention, the 
wire may include: through holes formed at the penetrating 
portion of the board; and pattern wires formed on the front 
Surface layer and the rear Surface layer. 
0047 According to a third aspect of the invention, when 
a plurality of the wires are formed on the board, both ends 
or electrically identical portions of each wire may be elec 
trically connectable to both ends or electrically identical 
positions of another wire. 
0048. According to a fourth aspect of the invention, there 

is provided a current detection printed board comprising: 
0049 a board having a cutout; and 
0050 at least one wire that is formed in a coiled shape 
and has both ends by penetrating between a top conductive 
layer and a bottom conductive layer of the board along the 
periphery of the cutout and alternately connecting the top 
conductive layer and the bottom conductive layer of the 
board, and/or 
0051 at least one wire that is formed in a coiled shape 
and has both ends by penetrating a part of layers of the board 
along the periphery of the cutout and alternately connecting 
a top conductive layer and a bottom conductive layer of the 
penetrating portion, 
0.052 wherein, when a conductor, in which an AC current 
flows, is disposed adjacent to the cutout, a current flowing in 
the wire through electromagnetic induction may be output. 
0053 According to a fifth aspect of the invention, the wire 
may include: through holes formed at the penetrating portion 
penetrating between the top conductive layer and the bottom 
conductive layer of the board or the part of layers of the 
board; and pattern wires formed on the top conductive layer 
and the bottom conductive layer of the penetrating portion. 
0054 According to a sixth aspect of the invention, when 
a plurality of the wires are formed on the board, both ends 
or electrically identical portions of each wire may be elec 
trically connectable to both ends or electrically identical 
positions of another wire. 
0055 According to a seventh aspect of the invention, the 
cutout may have a substantially semicircular shape. 
0056. According to an eighth aspect of the invention, the 
AC current may be an AC current having a frequency of a 
radio frequency band. 
0057 According to a ninth aspect of the invention, there 

is provided a Voltage detection printed board comprising: 
0.058 a board having a cutout; and 
0059 a wire that is formed along the periphery of the 
cutout, 
0060 wherein, when a conductor, in which an AC voltage 

is generated, is disposed adjacent to the cutout, the wire ma 
function as an electrode of a capacitor by making a pair with 
a portion of the conductor facing the wire. 
0061 According to a tenth aspect of the invention, the 
wire may include: along the periphery of the cutout, a 
plurality of through holes penetrating the board; and pattern 
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wires formed on a front Surface layer and a rear Surface layer 
of the board so as to connect the through holes. 
0062 According to an eleventh aspect of the invention, 
the wire may include: along the periphery of the cutout, a 
plurality of through holes penetrating between the top con 
ductive layer and the bottom conductive layer of the board 
or a part of layers of the board; and a pattern wire formed on 
at least one layer between the top conductive layer and the 
bottom conductive layer of the penetrating portion so as to 
connect the through holes. 
0063. According to a twelfth aspect of the invention, the 
through holes may have a Substantially semicircular shape. 
0064. According to a thirteenth aspect of the invention, 
the AC Voltage may be an AC voltage having a frequency of 
a radio frequency band. 
0065 According to a fourteenth aspect of the invention, 
there is provided a current/voltage detection printed board 
comprising: 
0066 a penetration hole that penetrates the board: 
0067 at least one first wire that is formed in a coiled 
shape and has both ends by penetrating the board along the 
periphery of a substantially half of the penetration hole and 
alternately connecting a top conductive layer and a bottom 
conductive layer of the board, and/or 
0068 at least one wire that is formed in a coiled shape 
and has both ends by penetrating a part of layers of the board 
along the periphery of the substantially half of the penetra 
tion hole and alternately connecting a top conductive layer 
and a bottom conductive layer of the penetrating portion; 
0069 a second wire for output that is connected to all or 
a part of both ends of the first wire; 
0070 a current detection portion that functions to output 
a current flowing in the first wire through electromagnetic 
induction when the power transmission conductor, in which 
an AC current flows, is disposed to pass through the pen 
etration hole; 
0071 a third wire that is formed along the periphery of 
another substantially half of the penetration hole; 
0072 a fourth wire for output that is connected to a part 
of the third wire; and 
0073 a voltage detection portion that functions to output 
a voltage generated in the third wire from the fourth wire 
when the power transmission conductor, in which an AC 
Voltage is generated, is disposed to pass through the second 
penetration hole, and the third wire makes a pair with a 
portion of the power transmission conductor facing the third 
wire and functions as an electrode of a capacitor. 
0074 According to a fifteenth aspect of the invention, the 

first wire may include: through holes formed at the penetrat 
ing portion penetrating between the top conductive layer and 
the bottom conductive layer of the board or the part of layers 
of the board; and pattern wires formed on the top conductive 
layer and the bottom conductive layer of the penetrating 
portion. 
0075 According to a sixteenth aspect of the invention, 
the third wire may include: along the periphery of the 
penetration hole, a plurality of through holes penetrating 
between the top conductive layer and the bottom conductive 
layer of the board or a part of layers of the board; and a 
pattern wire formed on at least one layer between the top 
conductive layer and the bottom conductive layer of the 
penetrating portion so as to connect the through holes. 
0076 According to a seventeenth aspect of the invention, 
when a plurality of the first wires are formed on the board, 
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both ends or electrically identical portions of each wire may 
be electrically connectable to both ends or electrically 
identical positions of another wire. 
0077 According to an eighteenth aspect of the invention, 
there is provided a current/voltage detector that detects an 
AC current flowing in a power transmission conductor to be 
used as an AC power transmission path and an AC voltage 
generated in the power transmission conductor, the current/ 
Voltage detector comprising: 
0078 a current detection printed board having a first 
cutout, and including: 

0079 at least one first wire that is formed in a coiled 
shape and has both ends by penetrating between a top 
conductive layer and a bottom conductive layer of the 
board along the periphery of the first cutout and alter 
nately connecting the top conductive layer and the 
bottom conductive layer of the board, and/or 

0080 at least one wire that is formed in a coiled shape 
and has both ends by penetrating a part of layers of the 
board along the periphery of the first cutout and alter 
nately connecting a top conductive layer and a bottom 
conductive layer of the penetrating portion, and 

0081 a second wire for output that is connected to all 
or a part of both ends of the first wire, 

0082 wherein when the power transmission conduc 
tor, in which the AC current flows, is disposed adjacent 
to the first cutout, the current detection printed board 
may function to output a current flowing in the first 
wire through electromagnetic induction; and 

I0083) a voltage detection printed board having a second 
cutout, and including: 

0084 a third wire that is formed along the periphery of 
the second cutout; and 

0085 a fourth wire for output that is connected to a 
part of the third wire, 

wherein when the power transmission conductor, in which 
the AC Voltage is generated, is disposed adjacent to the 
second cutout, and the third wire makes a pair with a portion 
of the power transmission conductor facing the third wire 
and functions as an electrode of a capacitor, the Voltage 
detection printed board may function to output a voltage 
generated in the third wire from the fourth wire. 
I0086 According to a nineteenth aspect of the invention, 
the first wire may include: through holes formed at the 
penetrating portion penetrating between the top conductive 
layer and the bottom conductive layer of the board or the 
part of layers of the board; and pattern wires formed on the 
top conductive layer and the bottom conductive layer of the 
penetrating portion. 
I0087. According to a twentieth aspect of the invention, 
the third wire may include: along the periphery of the second 
cutout, a plurality of through holes penetrating between the 
top conductive layer and the bottom conductive layer of the 
board or a part of layers of the board; and a pattern wire 
formed on at least one layer between the top conductive 
layer and the bottom conductive layer of the penetrating 
portion so as to connect the through holes. 
I0088 According to a twenty-first aspect of the invention, 
when a plurality of the first wires are formed on the board, 
both ends or electrically identical portions of each wire may 
be electrically connectable to both ends or electrically 
identical positions of another wire. 
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0089. According to a twenty-second aspect of the inven 
tion, the current/voltage detector may further comprise: 
0090 a first conversion circuit that converts the current 
output from the second wire of the current detection printed 
board into a predetermined voltage level; 
0091 a fifth wire that outputs the voltage converted by 
the first conversion circuit; 
0092 a second conversion circuit that converts the volt 
age output from the fourth wire of the voltage detection 
printed board into a predetermined voltage level; and 
0093 a sixth wire that outputs the voltage converted by 
the second conversion circuit. 
0094. According to a twenty-third aspect of the inven 

tion, the first conversion circuit may be provided on the 
current detection printed board, and 
0095 the second conversion circuit may be provided on 
the voltage detection printed board. 
0096. According to a twenty-fourth aspect of the inven 

tion, the current/voltage detector may further comprise: a 
conductor casing that fixes the current detection printed 
board and the voltage detection printed board therein, 
0097 wherein the casing may have: 

0.098 an opening through which a magnetic flux acting 
on the first wire passes; 

0099 an opening that allows the third wire and the 
power transmission conductor to be not shielded; 

0100 an opening through which the fifth wire is led to 
the outside; and 

0101 an opening through which the sixth wire is led to 
the outside, and 

0102 wherein the casing may be configured to cover the 
current detection printed board and the voltage detection 
printed board, excluding the openings. 
0103) According to a twenty-fifth aspect of the invention, 
the casing may include: 
0104 a first casing that fixes the current detection printed 
board; 
0105 a second casing that fixes the voltage detection 
printed board; 
0106 a first cover that covers the first casing; and 
0107 a second cover that covers the second casing, and 
0108 wherein the first casing and the second casing may 
be disposed such that the first cutout provided in the current 
detection printed board and the second cutout provided in 
the voltage detection printed board may be substantially 
coaxially located. 
0109 According to a twenty-sixth aspect of the inven 

tion, the casing may include: 
0110 a first casing that fixes the current detection printed 
board; 
0111 a second casing that fixes the voltage detection 
printed board, 
0112 a first cover that covers the first casing; and 
0113 a second cover that covers the second casing, and 
0114 wherein the first cutout provided in the current 
detection printed board and the second cutout provided in 
the voltage detection printed board may be substantially the 
same size, and the first casing and the second casing may be 
disposed such that the first cutout and the second cutout are 
combined to be opposed to each other and the combined 
portion has a Substantially circular shape. 
0115 According to a twenty-seventh aspect of the inven 

tion, a shield member that reduces the amount of an elec 
tromagnetic wave entering from a side of the first wire into 
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a side of the first conversion circuit may be provided in at 
least one of the first casing and the first cover, and 
0116 a shield member that reduces the amount of an 
electromagnetic wave entering from a side of the third wire 
into a side of the second conversion circuit may be provided 
in at least one of the second casing and the second cover. 
0117. According to a twenty-eighth aspect of the inven 
tion, the first casing and the second casing may be formed 
in a single body. 
0118. According to a twenty-ninth aspect of the inven 
tion, the casing may include a fixing unit that Substantially 
fixes the relative position between the power transmission 
conductor, and the current detection printed board and the 
Voltage detection printed board. 
0119) According to a thirtieth aspect of the invention, the 

first cutout and the second cutout may have a Substantially 
semicircular shape. 
I0120 According to a thirty-first aspect of the invention, 
the AC power may be AC power having a frequency of a 
radio frequency band. 
I0121 According to a thirty-second aspect of the inven 
tion, there is provided a current detector that detects an AC 
current flowing in a power transmission conductor to be 
used as an AC power transmission path, the current detector 
comprising: 
0.122 a current detection printed board having a first 
cutout, and including: 

0123 at least one first wire that is formed in a coiled 
shape and has both ends by penetrating between a top 
conductive layer and a bottom conductive layer of the 
board along the periphery of the first cutout and alter 
nately connecting the top conductive layer and the 
bottom conductive layer of the board, and/or 

0.124 at least one wire that is formed in a coiled shape 
and has both ends by penetrating a part of layers of the 
board along the periphery of the first cutout and alter 
nately connecting a top conductive layer and a bottom 
conductive layer of the penetrating portion, and 

0.125 a second wire for output that is connected to 
0.126 all or a part of both ends of the first wire, wherein 
when the power transmission conductor, in which the AC 
current flows, is disposed adjacent to the first cutout, the 
current detection printed board may function to output a 
current flowing in the first wire through electromagnetic 
induction. 
I0127. According to a thirty-third aspect of the invention, 
the current detector may comprise: 
0.128 a first conversion circuit that converts the current 
output from the second wire of the current detection printed 
board into a predetermined voltage level; and 
I0129 a third wire that outputs the voltage converted by 
the first conversion circuit. 
0.130. According to a thirty-fourth aspect of the inven 
tion, the first conversion circuit may be provided on the 
current detection printed board. 
I0131. According to a thirty-fifth aspect of the invention, 
the current detector may further comprise a conductor casing 
that fixes the current detection printed board therein, 
I0132 wherein the casing may have: 

0.133 an opening through which a magnetic flux acting 
on the first wire passes; and 

0.134 an opening through which a third wire is led to 
the outside, and 
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0135 wherein the casing may be configured to cover the 
current detection printed board, excluding the openings. 
0136. According to a thirty-sixth aspect of the invention, 
the first cutout may have a Substantially semicircular shape. 
0.137 According to a thirty-seventh aspect of the inven 

tion, the AC power may be AC power having a frequency of 
a radio frequency band. 
0138 According to a thirty-eighth aspect of the inven 

tion, there is provided a voltage detector that detects an AC 
Voltage generated in a power transmission conductor to be 
used as an AC power transmission path, the Voltage detector 
may comprise: 
0139 a voltage detection printed board having a first 
cutout, and including: 

0140 a first wire that is formed along the periphery of 
the first cutout, and 

0141 a second wire for output that is connected to a 
part of the first wire, 

wherein when the power transmission conductor, in which 
the AC Voltage is generated, is disposed adjacent to the first 
cutout, and the first wire makes a pair with a portion of the 
power transmission conductor facing the first wire and 
functions as an electrode of a capacitor, the Voltage detection 
printed board may function to output a voltage generated in 
the first wire from the second wire. 
0142. According to a thirty-ninth aspect of the invention, 
the Voltage detector may further comprise: 
0143 a first conversion circuit that converts the voltage 
output from the second wire of the voltage detection printed 
board into a predetermined voltage level; and 
0144 a third wire that output the voltage converted by the 

first conversion circuit. 
0145 According to a fortieth aspect of the invention, the 

first conversion circuit may be provided on the Voltage 
detection printed board. 
0146 According to a forty-first aspect of the invention, 
the Voltage detector may further comprise: a conductor 
casing that fixes the Voltage detection printed board therein, 
0147 wherein the casing may have: 
0148 an opening that allows the first wire and the 
power transmission conductor to be not shielded, and 

0149 an opening through which the third wire is led to 
the outside; and 

0150 the casing may be configured to cover the voltage 
detection printed board, excluding the openings. 
0151. According to a forty-second aspect of the inven 

tion, the first cutout may have a Substantially semicircular 
shape. 
0152. According to a forty-third aspect of the invention, 
the AC power may be AC power having a frequency of a 
radio frequency band. 
0153. According to the first and fourth aspects of the 
invention, since the coiled wire is formed on the printed 
board, the printed board can have a function of a current 
transformer. 
0154 According to the second and fifth aspects of the 
invention, since the through holes and pattern wires form the 
coiled wire, unlike the related art, there is no case where a 
self-resonant frequency or a degree of coupling of the 
current transformer changes due to a variation in winding 
internal or winding strength. For this reason, when a plu 
rality of current detection printed boards are formed, a 
variation in current detection value of the individual current 
detection printed boards can be reduced. 
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0155 Like the eighth aspect of the invention, in case of 
an AC current having a frequency of a radio frequency band, 
a variation in winding interval or winding strength may have 
a large effect on the current detection value. However, 
according to the current detection printed board having the 
configuration of the invention, even though an AC current 
having a frequency of a radio frequency band is adopted, an 
influence thereof can be suppressed to the minimum. 
0156 According to the ninth aspect of the invention, the 
wire that is formed along the cutout provided in the board 
functions as an electrode of the capacitor. Therefore, the 
printed board can have a Voltage detection function. 
0157 According to the tenth and eleventh aspects of the 
invention, with the through holes and the pattern wires, a 
wire that functions as an electrode of the capacitor can be 
formed in the printed board. Therefore, when a plurality of 
Voltage detection printed boards are formed, a variation in 
voltage detection value of the individual voltage detection 
printed boards can be reduced. 
0158. Further, the wire has a feature in that the through 
holes are utilized, as well as the pattern wires. That is, only 
with the pattern wires, the wire does not have a thickness 
enough to functioning as an electrode of the capacitor. For 
this reason, with the through holes, the thickness of the wire 
can be made large. 
0159. Like the thirteenth aspect of the invention, in case 
of an AC Voltage having a frequency of a radio frequency 
band, a structural variation may have a large effect on the 
Voltage detection value. However, according to the Voltage 
detection printed board having the configuration of the 
invention, even though an AC voltage having a frequency of 
a radio frequency band is adopted, an influence thereof can 
be suppressed to the minimum. 
0160 According to the fourteenth aspect of the invention, 
one printed board has both a current detection function and 
a voltage detection function. Therefore, since a current and 
a Voltage are detected at Substantially the same position with 
respect to the axial direction of the power transmission 
conductor, the detection accuracy of the phase difference can 
be improved. 
0.161 According to the eighteenth aspect of the inven 
tion, the current detection can be executed by the current 
detection printed board and the voltage detection can be 
executed by the voltage detection printed board. In addition, 
according to the thirty-second aspect of the invention, the 
current detection can be executed by the current detection 
printed board. Further, according to the thirty-eighth aspect 
of the invention, the voltage detection can be executed by 
the voltage detection printed board. 
0162 According to the twenty-third aspect of the inven 
tion, the second wire and the fourth wire can be formed by 
pattern wires (as occasion demands, including through 
holes). Accordingly, a variation in detection value due to a 
variation in shape of the wire or the like can be reduced. 
Further, the number of assembling steps can be reduced. 
(0163. Further, the effects of the thirty-fourth aspect of the 
invention are the same as the effects about the second wire. 
In addition, the effects of the forty aspect of the invention are 
the same as the effects about the fourth wire. 
0164. According to the twenty-fourth aspect of the inven 
tion, the printed boards are shielded, excluding the openings 
required for the current detection printed board and openings 
required for the voltage detection printed board. Therefore, 
an influence of an electromagnetic wave on the printed 
boards can be reduced as Small as possible. 
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(0165. Further, the effects of the thirty-fifth aspect of the 
invention are the same as the effects about the current 
detection printed board. In addition, the effects of the 
forty-first aspect of the invention are the same as the effects 
about the voltage detection printed board. 
0166 According to the twenty-sixth aspect of the inven 

tion, a current and a Voltage are detected at Substantially the 
same position with respect to the axial direction of the power 
transmission conductor, the detection accuracy of the phase 
difference can be improved. 
0167 According to the twenty-seventh aspect of the 
invention, an influence of an electromagnetic wave on the 
first conversion circuit and an influence of an electromag 
netic wave on the second conversion circuit can be reduced 
as Small as possible. According to the twenty-eighth aspect 
of the invention, the relative position of the current detection 
printed board and the voltage detection printed board are 
kept Substantially constant. In addition, for example as the 
twenty-fifth aspect, when the first cutout provided in the 
current detection printed board and the second cutout pro 
vided in the voltage detection printed board are set on 
Substantially the same axis, the first casing and the second 
casing are formed in a signal body. Therefore, the number of 
steps of Substantially coaxially locating the first cutout and 
the second cutout can be removed. 
0168 According to the twenty-ninth aspect of the inven 

tion, the relative position between the power transmission 
conductor, and the current detection printed board and the 
Voltage detection printed board can be kept Substantially 
COnStant. 

0169. Like the thirty-first aspect of the invention, in case 
of an AC power having a frequency of a radio frequency 
band, a variation in winding interval or winding strength has 
a large effect on the current detection value. Further, a 
structural variation has a large effect on the Voltage detection 
value. However, according to the current/voltage detector 
having the configuration of the invention, even though an 
AC power having a frequency of a radio frequency band is 
adopted, an influence thereof can be suppressed to the 
minimum. 
(0170 Further, the effects of the thirty-seventh aspect of 
the invention are the same as the effects about current 
detection. In addition, the effects of the forty-third aspect of 
the invention are the same as the effects about Voltage 
detection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0171 FIGS. 1A to 1D are diagrams showing an example 
of a current detection printed board 1 according to the 
invention. 
0172 FIG. 2 is a diagram showing a case where a power 
transmission conductor 66, in which an AC current flows, 
and an insulator 69 covering the power transmission con 
ductor 66 are disposed adjacent to a cutout 101 provided in 
the current detection printed board 1. 
0173 FIGS. 3A to 3E are diagrams showing another 
example of the current detection printed board 1 according 
to the invention. 
0.174 FIGS. 4A and 4B are diagram showing another 
example of a coiled wire 10. 
0175 FIG. 5 is diagram showing another example of the 
current detection printed board 1 according to the invention. 
0176 FIG. 6 is a connection diagram of the current 
detection printed board 1 shown in FIG. 5. 
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0177 FIG. 7 is a diagram showing another example of 
the current detection printed board 1 according to the 
invention. 
0.178 FIGS. 8A to 8E are diagrams showing the arrange 
ment examples of the first coiled wire 10-1 and the second 
coiled wire 10-2. 
0179 FIGS. 9A to 9D are diagrams showing an example 
of a Voltage detection printed board 2 according to the 
invention. 
0180 FIGS. 10A to 10E are diagrams showing another 
example of the Voltage detection printed board 2 according 
to the invention. 
0181 FIGS. 11A and 11B show another example of a 
substantially smirching-shaped wire 30. 
0182 FIGS. 12A to 12C are schematic exterior views of 
a current/voltage detector 3 according to a third embodiment 
of the invention. 
0183 FIGS. 13A and 13B are diagrams showing the 
schematic configuration of the current/voltage detector 3 
shown in FIGS. 12A to 12C. 
0.184 FIGS. 14A to 14C are diagrams of a casing main 
body 300. 
0185 FIGS. 15A and 15B are diagrams three-dimension 
ally showing the casing main body 30. 
0186 FIGS. 16A and 16B are diagrams when the current 
detection printed board 1 and the voltage detection printed 
board 2 are mounted on the casing main body 300 in a state 
where a current detector cover 301 and a voltage detector 
cover 302 are not mounted. 
0187 FIG. 17 is a cross-sectional view showing a case 
where the power transmission conductor 66 and the insulator 
69 covering the power transmission conductor 66 penetrate 
the current/voltage detector 3. 
0188 FIGS. 18A and 18B show an example of an appli 
cation of a second shield portion 314. 
(0189 FIGS. 19A and 19B are explanation diagrams of 
when the current/voltage detector 3 is attached. 
0.190 FIG. 20 show a modification of the current detec 
tion printed board 1, the voltage detection printed board 2. 
and the casing. 
0191 FIG. 21 is a diagram showing an example where 
the current detection printed board 1 and the voltage detec 
tion printed board 2 are accommodated in separate casings, 
thereby forming the current detector 310 and the voltage 
detector 320 separately. 
0.192 FIG. 22 is a diagram showing an application when 
the current detector 310 and the voltage detector 320 are 
provided separately. 
0193 FIG. 23 is a diagram showing a case where the 
voltage detector 320 is disposed near the input and the 
current detector 310 is disposed at the back of the voltage 
detector 320. 
0194 FIG. 24 is a diagram showing an application of the 
current detection printed board 1 and the voltage detection 
printed board 2 according to the invention. 
0.195 FIG. 25 is a diagram showing a state where the 
current detector 310 and the voltage detector 320 are dis 
posed such that recess portions 304 of substantially semi 
circular cylinder provided in individual casings are opposed 
to each other. 
0.196 FIG. 26 is a cross-sectional diagram of a casing 
where the current detection printed board 1 and voltage 
detection printed board 2 are provided in one casing. 
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0.197 FIG. 27 is a diagram of a current/voltage detection 
printed board 4 having a current detection function and a 
Voltage detection function in one board. 
0198 FIG. 28 is a diagram showing a fixing method of 
the insulator 69. 
0199 FIG. 29 is a diagram showing the case where the 
power transmission conductor 66 and the insulator 69 are a 
part of the current/voltage detector 3. 
0200 FIG. 30 is a block diagram of an example of a 
high-frequency power Supply system that uses an impedance 
matching device. 
0201 FIG. 31 is a schematic circuit diagram of a current 
detector 80 and a voltage detector 90 provided between an 
input terminal and a matching circuit 67 of an impedance 
matching device 63. 
0202 FIG. 32 is a schematic exterior view of the current 
detector 80 and the voltage detector 90. 
0203 FIGS. 33A to 33C are explanatory views illustrat 
ing the configuration of the current detector 80 and the 
voltage detector 90 shown in FIG. 32. 
0204 FIG. 34 is a circuit diagram showing a case where 
the current detector 80 and the voltage detector 90 are 
provided between the matching circuit and the output ter 
minal in the impedance matching device. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0205 Hereinafter, the details of the invention will be 
described with reference to the drawings. 
0206 (1) Current Detection Printed Board 
0207 FIGS. 1A to 1D are diagrams showing an example 
of a current detection printed board 1 according to the 
invention. 
0208 Specifically, FIG. 1A is a plan view of the current 
detection printed board 1 (as viewed from the above). FIG. 
1B is a schematic view of a portion (a portion A Surrounded 
by a dotted line) of FIG. 1A on magnified scale (viewed from 
a direction of a cutout 101). FIG. 1C is a diagram showing 
linear expansion for simplification of FIG. 1B. FIG. 1D 
shows a wire of the current detection printed board 1 when 
FIG. 1C is viewed from the side. Moreover, as regards the 
wire shown in FIG. 1D, portions that are not typically 
viewed are shown in perspective view for explanation. 
0209. As shown in FIGS. 1A to 1D, the current detection 
printed board 1 is provided with a substantially semicircular 
cutout 101. A wire 10 (hereinafter, referred to as a coiled 
wire 10) that is formed in a coiled shape is provided along 
the periphery of the cutout 101. The coiled wire 10 is formed 
in a coiled shape having both ends by alternately connecting 
a front surface 121 and a rear surface 122 of the board while 
penetrating the board. Portions of the wire penetrating the 
board are formed by through holes 11 and wires of the front 
surface and the rear surface of the board are formed by 
pattern wires 12 and 13. 
0210 Moreover, in FIGS. 1B and 1C, portions indicated 
by dotted lines represent pattern wires of the rear surface of 
the board. These portions are in perspective view, and thus 
indicated by dotted lines. Output wires 21 and 22 are 
connected to both ends 10a and 10b of the coiled wire 10. 
The output wires are connected to output terminals 23 and 
24. 

0211. In this example, the board having a double-sided 
structure (hereinafter, referred to a double-sided board) is 
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used. Accordingly, the pattern wires are formed on a front 
Surface layer and a rear Surface layer of one insulator 
member 110. 
0212. The coiled wire 10 is an example of a coiled first 
wire of the invention, and the output wires 21 and 22 are 
examples of the second wire of the invention. 
0213 FIG. 2 is a diagram showing a case where a power 
transmission conductor 66, in which an AC current flows, 
and an insulator 69 covering the power transmission con 
ductor 66 are disposed adjacent to the cutout 101 provided 
in the current detection printed board 1. Moreover, for 
simplification, the wire is not shown. Further, in this 
embodiment and the following embodiments, a case where 
the current detection printed board or a voltage detection 
printed board described below is provided between an input 
terminal and a matching circuit 67 of an impedance match 
ing device 63. 
0214. In case of the current detection printed board 1 
shown in FIG. 1, as shown in FIG. 2, when the power 
transmission conductor 66, in which an AC current flows, is 
disposed adjacent to the cutout 101, a current flows in the 
coiled wire 10 by electromagnetic induction. That is, the 
printed board can have a current transformer. Specifically, a 
current transformer can be formed in the current detection 
printed board 1. 
0215. In this specification, even if the insulator 60 is 
provided at the periphery of the power transmission con 
ductor 66, when the power transmission conductor 66 and 
the insulator 69 are disposed as shown in FIG. 2, the power 
transmission conductor 66 is regarded as being disposed 
adjacent to the cutout 101. Further, it also applies to a 
voltage detection printed board 2 as described hereinafter. 
0216. Accordingly, the portions of the coiled wire 10 
correspond to the current transformer 81 in the circuit 
diagram shown in FIG. 31. 
0217. With this configuration, the portions of the coiled 
wire 10 are formed by the through holes and the pattern 
wires, and thus there is almost no variation in shape or 
position. Accordingly, there is almost no variation in wind 
ing interval or winding strength. Therefore, when a plurality 
of current detection printed boards 1 are formed, a variation 
in current detection value of the individual current detection 
printed boards 1 can be reduced. 
0218. As described below, a current conversion circuit 51 
corresponding to the current conversion circuit 84 shown in 
FIG. 31 may be provided on the current detection printed 
board 1 of FIG. 1. In this case, the output terminals 23 and 
24 shown in FIG. 1 are not required, and the output wires 21 
and 22 of the coiled wire 10 are directly connected to the 
current conversion circuit 51. 
0219. The insulator member 110 of the board is formed 
of for example, glass epoxy. Relative magnetic permeability 
of the insulator member 110 of the board is smaller than a 
magnetic material. For this reason, a self-resonant frequency 
may be higher, compared with a case where a current 
transformer is formed by winding a wire around a magnetic 
material uses as a core, like the related art. Accordingly, an 
upper limit of a detectable frequency band is higher than the 
related art. 
0220 FIGS. 3A to 3E are diagrams showing another 
example of the current detection printed board 1 according 
to the invention. 
0221) Specifically, FIG. 3A is a plan view of the current 
detection printed board 1. FIG. 3B is a schematic view of a 
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portion (a portion B surrounded by a dotted line) of FIG. 3A 
on magnified scale (viewed from a direction of the cutout 
101). FIG. 3C is a diagram showing linear expansion for 
simplification of FIG. 3B. FIG. 3D shows a wire of the 
current detection printed board 1 when FIG. 3C is viewed 
from the side. FIG. 3E shows the wire of the current 
detection printed board 1 paying emphasis on the output 
wire 21 or the like as viewed from the side. Moreover, as 
regards the wire shown in FIGS. 3A to 3E, portions that are 
not typically viewed are shown in perspective view for 
explanation. In addition, for convenience, the current detec 
tion printed board 1, through holes 11, pattern wires 12 and 
13, and the like are represented by the same reference 
numerals as those in FIGS. 1A to 1D. 

0222. The current detection printed board 1 shown in 
FIGS. 3A to 3E is specifically the same as the current 
detection printed board 1 shown in FIGS. 1A to 1D, except 
that the board has a multilayer structure, and the coiled wire 
10 is formed between inner layers. 
0223) Moreover, in this specification, insulator materials 
constituting the board having a multilayer structure (here 
inafter, referred to as a multilayer board) are appropriately 
called a first insulator material, a second insulator material, 
a third insulator material. . . . in sequence from the upper 
portion of the drawings. Further, conductive layers to be 
formed between the individual insulator materials of the 
board are appropriately called a first conductive layer, a 
second conductive layer, a third conductive layer, . . . . 
Further, a conductive layer to be formed at the front surface 
of the board is called a front surface layer, and a conductive 
layer to be formed at the rear surface of the board is called 
a rear Surface layer. 
0224 Moreover, although the double-sided board has the 
front Surface layer and the rear Surface layer and may be 
called a multilayer board, since only one insulator material 
exists, there are no conductive layers to be formed between 
the individual insulator materials of the board. 

0225. In the example of FIGS. 3A to 3E, the insulator 
materials of the board include three insulator materials of a 
first insulator material 111, a second insulator 112, and a 
third insulator material 113. Then, a first conductive layer 
131 is formed between the first insulator material 111 and the 
second insulator material 112, and a second conductive layer 
132 is formed between the second insulator material 112 and 
the third insulator material 113. Further, a front surface layer 
can be formed on a front surface 121 (a surface on the first 
insulator material) of the board. In addition, a rear surface 
layer can be formed on a rear surface 122 (a lower surface 
of the third insulator material). In the example of FIGS. 3A 
to 3E, the rear surface layer of the board is not provided. 
0226. For this reason, in FIGS. 3A to 3E, the coiled wire 
10 is formed between the first conductive layer 131 and the 
second conductive layer 132. Accordingly, the coiled wire 
10 can have a structure that cannot be viewed from the 
outside of the board. In this case, portions of the coiled wire 
10 correspond to the current transformer 81 of the circuit 
diagram shown in FIG. 31. 
0227 Further, as shown in FIG.3E, the output wire 21 of 
the coiled wire 10 is formed by a pattern wire 21a connected 
to one end 10a of the coiled wire 10 formed in the first 
conductive layer 131, a through hole 21b, and a pattern wire 
21C formed on the front surface of the board. The output 
wire 21 is connected to the output terminal 23. The output 
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wire 22 of the coiled wire 10 is the same as the output wire 
21, and thus the description thereof will be omitted. 
0228. Moreover, as described below, the current conver 
sion circuit 51 corresponding to the current conversion 
circuit 84 shown in FIG. 31 may be formed on thee current 
detection printed board 1 of FIGS. 3A to 3E. In this case, the 
output terminals 23 and 24 shown in FIGS. 3A to 3E are not 
required, and thus the output wires 21 and 22 of the coiled 
wire 10 are directly connected to thee current conversion 
circuit 51. Although the length of the output wire 21 shown 
in FIG. 3A and the length of the output wire 21 shown in 
FIG. 3E are different, it is caused just for simplification of 
the figure. 
0229 FIGS. 4A and 4B are diagram showing another 
example of the coiled wire 10. For example, as shown in 
FIG. 4A, the coiled wire 10 may be formed between the 
front surface layer of the board and the second conductive 
layer 132. Moreover, in FIG. 4A, since the rear surface layer 
is not provided on the rear surface 122 of the board, the 
coiled wire 10 is formed by alternately connecting the front 
surface layer as a top conductive layer of the board and the 
second conductive layer 132 as a bottom conductive layer of 
the board. 

0230. Further, as shown in FIG. 4B, the coiled wire 10 
may be formed between the front surface layer as a top 
conductive layer and the rear Surface layer as a bottom 
conductive layer of the board. Moreover, in FIG. 4B, like 
FIGS. 1A to 1D, the coiled wire 10 is formed by alternately 
connecting the front surface layer and the rear surface layer 
of the board. 
0231. In general, a through hole is one for connection 
between layers by forming a penetration hole between the 
layers of the board and providing a conductive layer (for 
example, copper) in the penetration hole. Moreover, the term 
between the layers may mean between all layers or 
between some layers. 
0232. The through hole is a type of inserting a lead line. 
However, the through hole only for connection between the 
layers is particularly called a via hole. Then, the via hole 
includes a penetration via hole that forms a penetration hole 
from the front surface of the board to the rear surface 
thereof, and an interstitial via hole that forms a penetration 
hole only between specific layers. Further, the interstitial via 
hole includes a blind via in which a hole is viewed from one 
surface of the board, as shown in FIG. 4A, and a buried via 
in which a hole is viewed from both surfaces of the board, 
as shown in FIGS. 3A to 3E. 
0233. The example shown in FIGS. 3A to 3E and 4 uses 
a so-called four-layered board (four conductive layers 
including the front Surface layer and the rear Surface layer), 
but is not intended to limit the invention. For example, a 
multilayer board, Such as a three-layered board, a six 
layered board, or an eight-layered board, may be used. 
0234 FIG. 5 is diagram showing another example of the 
current detection printed board 1 according to the invention. 
The current detection printed board 1 shown in FIG. 5 is 
different from that of FIG. 1 in that two coiled wires 10-1 
and 10-2 are provided in the current detection printed board 
1. Specifically, a first coiled wire 10-1 and a second coiled 
wire 10-2 that is disposed closer to the cutout 101 than the 
first coiled wire 10-1 are provided in the current detection 
printed board 1. Further, the first coiled wire 10-1 and the 
second coiled wire 10-2 are formed by through holes and 
pattern wires, like FIGS. 1B to 1D. For this reason, the 
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descriptions thereof will be omitted. Of course, the multi 
layer board shown in FIGS. 3A to 3E may be used. Here, the 
description thereof will be omitted. 
0235. As described above, in the current detection printed 
board 1 shown in FIG. 5, since the two coiled wires 10-1 and 
10-2 are provided, various kinds of current transformers can 
be formed in one current detection printed board 1. This 
example will be described with reference to FIG. 6. 
0236 FIG. 6 is a connection diagram of the current 
detection printed board 1 shown in FIG. 5. 
0237 As shown in FIG. 5, output terminals 23-1 and 24-1 
are connected to both ends 10-1a and 10-1b of the first 
coiled wire 10-1 through the output wires 21-1 and 22-1. 
Further, output terminals 23-2 and 24-2 are connected to 
both ends 10-2a and 10-2b of the second coiled wire 10-2 
through the output wires 21-2 and 22-2. In this case, with the 
connection shown in FIG. 6, various kinds of current trans 
formers can be formed in one current detection printed board 
1. Moreover, in FIG. 6, x' means non-connection to other 
terminals. 
0238 Specifically, in case of connection (a) in FIG. 6, a 
current transformer using the first coiled wire 10-1 is formed 
in the current detection printed board 1. 
0239. In case of connection (b) in FIG. 6, a current 
transformer using the second coiled wire 10-2 is formed in 
the current detection printed board 1. 
0240. In case of connection (c) in FIG. 6, if the output 
terminal 23-2 and the output terminal 24-1 are connected to 
each other, a current transformer when the first coiled wire 
10-1 and the second coiled wire 10-2 are connected in series 
to each other is formed. Therefore, in this case, a current 
transformer having larger inductance can be formed, com 
pared with the cases (a) and (b) in FIG. 6. 
0241. In addition, like connection (d) in FIG. 6, if the 
output terminal 23-1 and the output terminal 23-2 are 
connected to each other, and the output terminal 24-1 and the 
output terminal 24-1 are connected to each other, a current 
transformer when the first coiled wire 10-1 and the second 
coiled wire 10-2 are connected in parallel with each other. 
0242. When the wires connected as shown in (a) in FIG. 
6, the output wires 21-2 and 22-2 are not necessary. In 
addition, when the wires connected as shown in (b) in FIG. 
6, the output wires 21-2 and 22-2 are not necessary. There 
fore, unnecessary output wires and output terminals may not 
be provided. 
0243 FIG. 7 is a diagram showing another example of 
the current detection printed board 1 according to the 
invention. In the current detection printed board 1, like FIG. 
5, the first coiled wire 10-1 and the second coiled wire 10-2 
are provided in one current detection printed board 1. The 
current detection printed board 1 of FIG. 7 is different from 
that of FIG. 5 in that the first coiled wire 10-1 and the second 
coiled wire 10-2 are disposed to have a double helix struc 
ture. Further, in FIG. 7, like FIG. 5, various kinds of current 
transformers can be formed in one current detection printed 
board 1. Moreover, in FIGS. 5 and 7, for ease discrimination 
of the wires, the positions of the output terminals are shifted 
from each other, but the invention is not limited thereto. 
Various kinds of position relationship may be adopted. 
0244. As shown in FIG. 7, the first coiled wire 10-1 and 
the second coiled wire 10-2 can be arranged to have a double 
helix structure. Alternatively, many arrangement examples 
may be considered, in addition to the example shown in FIG. 
7. 

Dec. 13, 2007 

0245 FIGS. 8A to 8E are diagrams showing the arrange 
ment examples of the first coiled wire 10-1 and the second 
coiled wire 10-2. FIGS. 8A to 8E schematically show the 
sections of the first coiled wire 10-1 and the second coiled 
wire 10-2 and show various arrangement examples. More 
over, the first coiled wire 10-1 and the second coiled wire 
10-2 are shifted from each other with respect to a backward 
direction as viewed from the paper. Since portions that are 
not typically viewed are shown in perspective view for 
explanation, the wires may seem to overlap each other. 
0246 For example, FIG. 8A shows an example where the 

first coiled wire 10-1 and the second coiled wire 10-2 are 
formed in the same conductive layer. In this case, the pattern 
wire of the first coiled wire 10-1 is longer than that of the 
second coiled wire 10-2. Of course, the pattern wire of the 
second coiled wire 10-2 may be longer than that of the first 
coiled wire 10-1. 
0247 FIG. 8B shows an example where the first coiled 
wire 10-1 and the second coiled wire 10-2 are formed in the 
same conductive layer, like FIG. 8A. However, the pattern 
wires of the first coiled wire 10-1 and the second coiled wire 
10-2 have the same length. 
0248 FIG. 8C shows an example where the through hole 
of the second coiled wire 10-2 is formed further towards the 
inside than the first coiled wire 10-1, and the pattern wire of 
the second coiled wire 10-2 is formed in a conductive layer 
inside the first coiled wire 10-1. 
0249 FIG. 8D shows an example where the through hole 
of the second coiled wire 10-2 is formed further towards the 
inside than the first coiled wire 10-1, and the pattern wire of 
the second coiled wire 10-2 is formed in a conductive layer 
outside the first coiled wire 10-1. 
0250 FIG. 8E shows an example where the through hole 
of the second coiled wire 10-2 is formed further towards the 
outside than the first coiled wire 10-1, and the pattern wire 
of the second coiled wire 10-2 is formed in a conductive 
layer inside the first coiled wire 10-1. 
0251. In addition, various modifications can be consid 
ered and easily considered from the above examples, and 
thus the descriptions thereof will be omitted. Moreover, as 
shown in FIGS. 8A and 8B, when the pattern wires of the 
first coiled wire 10-1 and the second coiled wire 10-2 are 
formed in the same conductive layer, a double-sided board 
can be used. 

(0252) In FIGS. 8A to 8E, as the current detection printed 
board 1 is viewed in plan view, the through holes and the 
pattern wires of the first coiled wire 10-1 and the second 
coiled wire 10-2 are shifted from each other. With this 
configuration, various arrangement examples can be made. 
Alternatively, as shown in FIG. 8C, if the through hole of the 
second coiled wire 10-2 is formed further towards the inside 
than the through hole of the first coiled wire 10-1, and the 
pattern wire of the second coiled wire 10-2 is formed further 
towards the inside than the pattern wire of the first coiled 
wire 10-1, as viewed in plan view, the pattern wires of the 
first coiled wire 10-1 and the second coiled wire 10-2 may 
be partially overlap each other. Of course, the relationship 
between the first coiled wire 10-1 and the second coiled wire 
10-2 may be reversed. 
(0253) In FIGS. 5 and 7, an example where the two coiled 
wires 10 are provided in one current detection printed board 
1 has been illustrated, but the number of coiled wires is not 
limited thereto. For example, three or more coiled wires 10 
may be provided in one current detection printed board 1. Of 
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course, with this configuration, the number of combinations 
of the coiled wires 10 to be formed in one current detection 
printed board 1 can be increased. Further, as described 
below, when the current conversion circuit 51 is provided on 
the current detection printed board 1, the same can be 
applied. In this case, as described above, the wires may be 
connected near both ends of the coiled wires 10 or may be 
connected in the current conversion circuit 51. That is, both 
ends of each wire or positions electrically identical to both 
ends thereof are electrically connectable to both ends of 
another wire or positions electrically identical to both ends 
thereof. 
0254 Next, the effects of a case where a plurality of 
coiled wires 10 are provided in the current detection printed 
board 1, as shown in FIGS. 5 and 7, will be described. 
0255. In general, a coil (also referred to as an inductor) 
has a frequency characteristic, and the characteristic changes 
according to a frequency to be used. Specifically, a detection 
level of a current is low in a region where a frequency is low. 
For this reason, the coil is used in a region where a frequency 
is high. However, an excessively high frequency causes 
resonance. A frequency at the time of resonance is referred 
to as a resonant frequency. Near the resonant frequency, a 
change in detection level of a current is excessively large, 
and thus it is unsuitable for current detection. For this 
reason, schematically, a detectable frequency band is lim 
ited. That is, a usable frequency has an upper limit and a 
lower limit. 
0256 If inductance of the coil becomes large, the detect 
able frequency band goes toward a lower frequency. Mean 
while, if inductance of the coil becomes small, the detectable 
frequency band goes toward a higher frequency. For this 
reason, it is necessary to select inductance of the coiled wire 
10 to an appropriate value using a frequency of an AC 
current flowing in the power transmission conductor 66. 
0257 The above-described high-frequency power supply 
device 61 outputs different frequencies of high-frequency 
power according to the uses. For example, a frequency of 2 
MHz, 13.56MHz, or the like is used according to the uses. 
For this reason, since it is necessary to select inductance of 
the coiled wire 10 according to the frequencies. Accordingly, 
if various kinds of current transformers can be formed in one 
current detection printed board 1, convenience can be 
increased. For example, if both the current transformer for 2 
MHZ and the current transformer for 13.56 MHZ can be 
formed, it is unnecessary to prepare the current detection 
printed boards 1 for the individual frequencies. Therefore, 
kinds of products can be reduced. 
0258 Like the examples shown in FIGS. 1A to 1D and 
FIGS. 3A to 3E, when the coiled wire 10 is a simplex wound 
wire, there is a limit to increase the number of turns. Then, 
there is also a limit to increase inductance. Here, in case of 
serial connection indicated by (c) of FIG. 6, inductance of 
the coiled wire 10 can be increased, and thus the detectable 
frequency band can be made low. 
0259 (2) Voltage Detection Printed Board 
0260 FIGS. 9A to 9D are diagrams showing an example 
of a Voltage detection printed board 2 according to the 
invention. 
0261 Specifically, FIG. 9A is a plan view of the voltage 
detection printed board 2. FIG.9B is a schematic view of a 
portion (a portion C surrounded by a dotted line) of FIG. 9A 
on magnified scale (viewed from a direction of a cutout 
201). FIG. 9C is a diagram showing linear expansion for 
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simplification of FIG. 9B. FIG. 9D shows a wire of the 
voltage detection printed board 2 when FIG. 9C is viewed 
from the side. Moreover, as regards the wire shown in FIG. 
9D, portions that are not typically viewed are shown in 
perspective view for explanation. 
0262. As shown in FIGS. 9A to 9D, the voltage detection 
printed board 2 has a cutout 201, and a substantially smirch 
ing-shaped wire 30 that is provided in the vicinity of the 
penetration hole 201. The substantially smirching-shaped 
wire 30 is formed by, along the periphery of the cutout 201, 
providing a plurality of through holes 31 that penetrate the 
board and patterns wires 32 and 33 that connect the through 
holes to a front surface 221 and a rear surface 222 of the 
board. For this reason, the individual through holes are 
provided between the pattern wires 32 and 33 of the front 
surface of the rear surface of the board. Further, the thick 
ness of each of the through holes is formed to have the 
substantially same thickness as the thickness of the board. In 
Such a manner, the Substantially Smirching-shaped 30 is 
obtained. 
0263 Moreover, in FIGS.9B and 9C, the pattern wires 32 
and 33 of the front surface and the rear surface of the board 
overlap each other. Further, an output wire 40 is connected 
to the substantially smirching-shaped wire 30. 
0264. In the voltage detection printed board 2 in FIGS. 
9A to 9D, when a power transmission conductor 66, in 
which an AC voltage is generated, is disposed adjacent to the 
cutout 201, the substantially semiring-shaped wire 30 and a 
portion of the power transmission conductor 66 facing the 
substantially semiring-shaped wire 30 function as electrodes 
of a capacitor. That is, the printed board can have a function 
as the electrodes of the capacitor. Accordingly, portions of 
the substantially semiring-shaped wire 30 correspond to the 
electrode 91b of the capacitor of the circuit diagram in FIG. 
31. 
0265. With this configuration, the portions of the sub 
stantially semiring-shaped wire 30 are formed by the 
through holes 31 or the pattern wires 32 and 33. Accord 
ingly, there is almost no variation in shape or position. 
Therefore, when a plurality of voltage detection printed 
boards 2 are formed, a variation in Voltage detection value 
of the individual voltage detection printed boards 2 can be 
reduced. 

0266 Moreover, as described below, a voltage conver 
sion circuit 53 corresponding to the Voltage conversion 
circuit 93 shown in FIG. 31 may be provided on the voltage 
detection printed board 2 of FIGS. 9A to 9D. In this case, an 
output terminal 41 shown in FIGS. 9A to 9D is not required, 
and thus the output wire 40 of the substantially semiring 
shaped wire 30 is directly connected to the voltage conver 
sion circuit 53. 
0267 Moreover, the substantially semiring-shaped wire 
30 is an example of a third wire of the invention (a first wire 
in the case of a voltage detector), and the output wire 40 is 
an example of a fourth wire of the invention (a second wire 
in the case of a Voltage detector). 
0268 FIGS. 10A to 10E are diagrams showing another 
example of the Voltage detection printed board 2 according 
to the invention. 
0269 Specifically, FIG. 10A is a plan view of the voltage 
detection printed board 2. FIG. 10B is a schematic view of 
a portion (a portion D surrounded by a dotted line) of FIG. 
10A on magnified scale (viewed from a direction of the 
cutout 201). FIG. 10C is a diagram showing linear expan 
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sion for simplification of FIG. 10B. FIG. 10D shows a wire 
of the voltage detection printed board 2 when FIG. 10C is 
viewed from the side. FIG. 10E shows the wire of the 
Voltage detection printed board 2 paying emphasis on the 
output wire 40 as viewed from the side. Moreover, as regards 
the wire shown in FIGS. 10A to 10E, portions that are not 
typically viewed are shown in perspective view for expla 
nation. In addition, for convenience, the Voltage detection 
printed board 2, through holes 31, pattern wires 32 and 33. 
and the like are represented by the same reference numerals 
as those in FIGS. 9A to 9D. 

0270. The voltage detection printed board 2 shown in 
FIGS. 10A to 10E is specifically the same as the voltage 
detection printed board 2 shown in FIGS. 9A to 9D, except 
that the board has a multilayer structure, and the substan 
tially semiring-shaped wire 30 is formed between inner 
layers. This is the same as FIGS. 3A to 3E, and the 
description thereof will be omitted. 
0271 For this reason, in FIGS. 10A to 10E, the substan 

tially semiring-shaped wire 30 is formed between a first 
conductive layer 231 and a second conductive layer 232. 
Accordingly, the Substantially semiring-shaped wire 30 may 
not be viewed. Further, in this case, the portions of the 
substantially semiring-shaped wire 30 correspond to the 
electrode 91b of the capacitor of the circuit diagram in FIG. 
31. 

0272. The substantially semiring-shaped wire 30 is 
formed by pattern wires 4.0a connected to one end 30a of the 
ring-shaped wire 30 formed in the first conductive layer 231, 
through holes 40b, and pattern wires 40c formed on the front 
surface of the board 40c, as shown in FIG. 10E. The output 
wire 40 is connected to an output terminal 41. 
0273 Moreover, unlike the above description, as shown 
in FIGS. 11A and 11B, the substantially semiring-shaped 
wire 30 may be formed. 
(0274 FIGS. 11A and 11B show another example of the 
substantially semiring-shaped wire 30. 
0275 FIG. 11A shows an example where an additional 
pattern wire for connecting the through holes is provided 
between a top conductive layer and a bottom conductive 
layer at penetration portions of the through holes 31. In this 
example, four pattern wires of a pattern wire 34, a pattern 
wire 35, a pattern wire 36, and a pattern wire 37 are provided 
in sequence from the upper portion of the board. As such, 
three or more pattern wires may be provided. 
0276 FIG. 11B shows an example where a pattern wire 
38 is provided in only one layer between the top conductive 
layer and the bottom conductive layer at the penetration 
portions of the through holes 31. As such, only one pattern 
wire may be provided. 
0277 Accordingly, a pattern wire may be provided in at 
least one layer between the top conductive layer and the 
bottom conductive layer at the penetration portions of the 
through holes So as to connect the through holes. In this case, 
the portions of the substantially semiring-shaped wire 30 
correspond to the electrode 91b of the capacitor of the circuit 
diagram in FIG. 31. 
(0278 (3) Current/Voltage Detector (First Case) 
0279 FIGS. 12A to 12C are schematic exterior views of 
a current/voltage detector 3 according to a third embodiment 
of the invention. Specifically, FIG. 12A is a schematic 
exterior view three-dimensionally showing the current/volt 
age detector 3. FIG. 12B is a schematic exterior view of a 
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conductor casing as viewed from the side. FIG. 12C is a 
diagram when the conductor casing of FIG.12B is removed. 
0280. As shown in FIG. 12A, the current/voltage detector 
3 is provided with a recess portion 304 of a substantially 
semicircular cylinder shape and has a structure in which a 
power transmission conductor 66 and an insulator 69 sur 
rounding the power transmission conductor 66 can be dis 
posed adjacent to the recess portion 304 of a substantially 
semicircular cylinder shape. Moreover, the power transmis 
sion conductor 66 and the insulator 69 surrounding the 
power transmission conductor 66 are not included in the 
current/voltage detector 3 but are just shown for explana 
tion. Further, the insulator 69 insulates the power transmis 
sion conductor 66 and the current/voltage detector 3. For this 
reason, an actual length of the insulator 69 is shorter than the 
length of the insulator 69 shown in the drawing, but it is 
shown like FIG. 12A for simplification of the drawing. The 
same is applied to other drawings (for example, FIG. 17). 
0281. As shown in FIG. 12C, the current detection 
printed board 1 and the voltage detection printed board 2 are 
accommodated in the casing. For this reason, a current that 
flows in the power transmission conductor 66 disposed 
adjacent to the recess portion 304 of a substantially semi 
circular cylinder shape provided at the casing can be 
detected by the current detection printed board 1, and a 
Voltage that is generated in the power transmission conduc 
tor 66 can be detected by the voltage detection printed board 
2 

0282. That is, in the example shown in FIG. 12B, a left 
portion of the current/voltage detector 3 corresponds to a 
current detector 310 and a right portion thereof corresponds 
to a voltage detector 320. Moreover, the casing is formed of 
a conductor, Such as aluminum or the like. Then, the current 
detector 310 corresponds to the current detector 80 shown in 
FIG. 31, and the voltage detector 320 corresponds to the 
voltage detector 90 shown in FIG. 31. 
0283 FIGS. 13A and 13B are diagrams showing the 
schematic configuration of the current/voltage detector 3 
shown in FIGS. 12A to 12C. Specifically, FIG. 13A is a 
diagram showing the configuration of the current/voltage 
detector 3. FIG. 13B is a schematic view showing when 
individual parts of FIG. 13A are assembled. Moreover, in 
FIGS. 13A and 13B, the shapes of the individual parts are 
schematic. For example, a cutout of a Substantially semicir 
cular shape, a recess portion 304 of a substantially semicir 
cular cylinder or an opening through which a magnetic flux 
passes is provided in the casing or the board, but it is not 
shown in the drawings. Further, in FIGS. 13A and 13B, 
portions that are not viewed from the outside are schemati 
cally indicated by dotted lines. 
0284 As shown in FIG. 13A, the current/voltage detector 
3 has a casing main body 300, and the current detection 
printed board 1, the voltage detection printed board 2, a 
current detector cover 301, and a voltage detector cover 302 
that are fixed to the casing main body 300. Of course, parts, 
such as screws or beads, for fixing the above-described 
constituents, but they are regarded as portions of the con 
stituents and are not shown for simplification of explanation. 
Further, as indicated by an arrow in FIG. 13A, if the 
constituents are fixed to the casing main body 300, as shown 
in FIG. 13B, the current detection printed board 1 and the 
Voltage detection printed board 2 are fixed in the casing main 
body 300, and the current detection printed board 1 and the 
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voltage detection printed board 2 are covered with the 
covers 301 and 302, respectively. 
0285 Moreover, in the casing main body 300, a portion 
where the current detection printed board 1 is fixed is an 
example of a first casing of the invention, and a portion 
where the voltage detection printed board 2 is fixed is an 
example of a second casing of the invention (a first cover in 
the case of a voltage detector). Further, the current detector 
cover 301 is an example of a first cover of the invention, and 
the voltage detector cover 302 is an example of a second 
cover of the invention (a first cover in the case of a voltage 
detector). 
0286 That is, like the related art, the current detection 
printed board 1 and the voltage detection printed board 2 are 
disposed in the casing. The casing main body 300 is com 
mon to the current detection printed board 1 and the voltage 
detection printed board 2. Then, if the current detection 
printed board 1 is fixed on the front surface of the casing 
main body 300, the voltage detection printed board 2 is fixed 
on the rear Surface thereof. Accordingly, the current detec 
tion printed board 1 and the voltage detection printed board 
2 are accommodated in separate spaces, respectively. There 
fore, there is almost no mutual interference between the 
current detection printed board 1 and the voltage detection 
printed board 2, and detection accuracy increases. 
0287 Next, other parts than the current detector cover 
301 and the voltage detector cover 302 will be specifically 
described. 

0288 FIGS. 14A to 14C are diagrams of the casing main 
body 300. Specifically, FIG. 14A is a diagram as viewed 
from a side on which the current detection printed board 1 
is fixed. FIG. 14B is a cross-sectional view of a side surface 
of the casing main body 300. FIG. 14C is a diagram as 
viewed from a side on which the voltage detection printed 
board 2 is fixed. 

0289 FIGS. 15A and 15B are diagrams three-dimension 
ally showing the casing main body 300. Specifically, FIG. 
15A is a diagram as viewed from the side on which the 
current detection printed board 1 is fixed, and FIG. 15B is a 
diagram as viewed from the side on which the Voltage 
detection printed board 2. 
0290 FIGS. 16A and 16B are diagrams when the current 
detection printed board 1 and the voltage detection printed 
board 2 are mounted on the casing main body 300 in a state 
where the current detector cover 301 and the voltage detec 
tor cover 302 are not mounted. Specifically, FIG. 16A is a 
diagram of the current detection printed board 1 side. FIG. 
16B is a diagram of the voltage detection printed board 2 
side. 

0291. As shown in FIGS. 14A to 16B, the recess portion 
304 of a substantially semicircular cylinder shape and con 
cave portions 311, 312, 321, and 322 are provided in the 
casing main body 300. Accordingly, the power transmission 
conductor 66 and the insulator 69 covering the power 
transmission conductor 66 are disposed adjacent to the 
recess portion 304 of a substantially semicircular cylinder 
shape, and the current detection printed board 1 and the 
Voltage detection printed board 2 are accommodated in the 
casing main body. Moreover, the current detection printed 
board 1 is accommodated on a side where the concave 
portions 311 and 312 are provided, and the voltage detection 
printed board 2 is accommodated on a side where the 
concave portions 321 and 322 are provided. 
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0292 Four board fixing portions 315 are provided at four 
corners of the concave portion 311, and the current detection 
printed board 1 is fixed to the portions. This is to allow the 
current detection printed board 1 to float with respect to the 
bottom surface of the concave portion 311 such that the 
coiled wire provided in the current detection printed board 
1 does not come into contact with the casing. 
0293 Similarly, four board fixing portions 324 are pro 
vided at four corners of the concave portion 321 such that 
the voltage detection printed board 2 floats with respect to 
the bottom surface of the concave portion 321. 
0294 For example, unlike FIGS. 3A to 3E, when the 
coiled wire 10 of the current detection printed board 1 is not 
formed on the rear surface layer of the board, the board 
fixing portions 315 provided at the four corners of the 
concave portion 311 can be removed. Then, the height of the 
bottom surface of the concave portion 311 can be the same 
as the height of the bottom surface of the concave portion 
312. For this reason, the structure of the casing main body 
300 can be simplified. Similarly, for example, unlike FIGS. 
10A to 10E, when the substantially semiring-shaped wire 30 
of the voltage detection printed board 2 is not formed in the 
rear surface layer of the board, the board fixing portions 324 
provided at the four corners of the concave portion 321 can 
be removed, and thus the height of the bottom surface of the 
concave portion 321 can be the same as the height of the 
bottom surface of the concave portion 322. For this reason, 
the structure of the casing main body 300 can be simplified. 
0295) Further, on the current detection printed board 1 
side of the casing main body 300, a first shield portion 313 
that shields a magnetic flux is provided in the vicinity of the 
recess portion 304 of a substantially semicircular cylinder 
shape. 
0296 Next, the current detection printed board 1 and the 
voltage detection printed board 2 will be respectively 
described. 
0297 (Description of Current Detection Printed Board 1) 
0298. The coiled wire 10 of the current detection printed 
board 1 is the same as that of the current detection printed 
board 1 in FIGS. 1A to 1D, but the output wires 21 and 22 
are connected to the current conversion circuit 51 in forms 
of the pattern wires. The current conversion circuit 51 
corresponds to the current conversion circuit 84 shown in 
FIG. 31. 
0299. Accordingly, unlike the current detection printed 
board 1 in FIG. 1, the coiled wire 10 and the current 
conversion circuit 51 are provided on the same board. 
Further, the output wire 52 connected to the current con 
version circuit 51 extends towards the outside of the casing 
through a wire opening 316. Moreover, the current conver 
sion circuit 51 has an output terminal to which the output 
wire 52 is connected. In addition, the output wire 52 may be 
partially a pattern wire or may be overall a wire other than 
the pattern wire. 
0300. In the casing main body, a second shield portion 
314 is provided at a corresponding position between the 
coiled wire 10 of the current detection printed board 1 and 
the current conversion circuit 51. For this reason, the current 
detection printed board 1 has a shape having a partially 
narrower width according to the second shield portion 314. 
0301 Moreover, the current conversion circuit 51 is an 
example of a first conversion circuit of the invention, and the 
output wire 52 is an example of a fifth wire of the invention 
(a third wire in the case of a current detector). 
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0302) 
0303. The substantially semiring-shaped wire 30 of the 
Voltage detection printed board 2 is the same as the Voltage 
detection printed board 2 in FIGS. 1A to 1D, but the output 
wire 40 is connected to the voltage conversion circuit 53 in 
forms of the pattern wire. The voltage conversion circuit 53 
corresponds to the voltage conversion circuit 93 in FIG. 31. 
0304. Accordingly, unlike the voltage detection printed 
board 2 in FIG. 1, the substantially semiring-shaped wire 30 
and the voltage conversion circuit 53 are provided on the 
same board. Further, the output wire 54 connected to the 
voltage conversion circuit 53 extends towards the outside of 
the casing through a wire opening 325. Moreover, the 
Voltage conversion circuit 53 has an output terminal to 
which the output wire 54 is connected. In addition, the 
output wire 54 may be partially a pattern wire or may be 
overall a wire other than the pattern wire. 
0305. In the casing main body, a third shield portion 323 

is provided at a corresponding position between the Sub 
stantially semiring-shaped wire 30 of the voltage detection 
printed board 2 and the voltage conversion circuit 53. For 
this reason, the Voltage detection printed board 2 has a 
partially narrower width according to the third shield portion 
323. 

0306 Moreover, the voltage conversion circuit 53 is an 
example of a second conversion circuit of the invention (a 
first conversion circuit in the case of a Voltage detector), and 
the output wire 54 is an example of a sixth wire of the 
invention (a third wire in the case of a Voltage detector). 

(Description of Voltage Detection Printed Board 2) 

0307 (Effects of Casing) 
0308 Next, the effects of the casing will be described. 
0309 (i) Effects of Current Detection Opening 317 
0310 FIG. 17 is a cross-sectional view showing a case 
where the power transmission conductor 66 and the insulator 
69 covering the power transmission conductor 66 are dis 
posed adjacent to the recess portion 304 of a substantially 
semicircular cylinder shape. With this arrangement, the 
power transmission conductor 66 is disposed adjacent to the 
current detection printed board 1 and the voltage detection 
printed board 2 accommodated in the current/voltage detec 
tor 3. FIG. 17 shows a state where the current detector cover 
301 and the voltage detector cover 302 are mounted. More 
over, the board fixing portions 315 and 324 shown in FIGS. 
14A to 14C and the like are not shown. Further, the current 
detection printed board 1 and the voltage detection printed 
board 2 are partially omitted. 
0311. If a current flows in the power transmission con 
ductor 66, a magnetic flux occurs around the conductor. The 
magnetic flux acts on the coiled wire 10 provided in the 
current detection printed board 1, such that a current flows 
in the coiled wire 10. Then, the current flowing in the coiled 
wire 10 is detected, thereby recognizing the current flowing 
in the power transmission conductor 66. For this reason, if 
the power transmission conductor 66 and the current detec 
tion printed board 1 are shielded by the conductor casing, the 
magnetic flux does not act on the current detection printed 
board 1, and thus the current cannot be detected. Accord 
ingly, an opening 317, through which the magnetic flux 
generated around the conductor is introduced into the cas 
ing, is provided in the casing. The opening 317 is formed by 
a gap between the first shield portion 313 and the current 
detector cover 301. 
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0312 (ii) Effects of Second Shield Portion 314 
0313 An electromagnetic wave is generated by an AC 
current flowing in the power transmission conductor 66. 
Since the electromagnetic wave has an effect on a circuit 
characteristic, it is necessary to prevent the electromagnetic 
wave from entering the current conversion circuit 51, if 
possible. For this reason, the second shield portion 314 is 
provided in the casing, thereby realizing an electromagnetic 
shield effect and keeping a good circuit characteristic of the 
current conversion circuit 51. 
0314 Moreover, the second shield portion 314 is formed 
by narrowing the board width. This is to shield an electro 
magnetic wave passing through the inside of the board. That 
is, the reason why the second shield portion 314 having a 
narrower board width is formed is that, when the second 
shield portion 314 is provided to cover the upper portion of 
the board, without narrowing the board width, an electro 
magnetic wave passes through the portions of the board, and 
thus an electromagnetic shield effect becomes weak. 
0315 FIGS. 18A and 18B show an example of an appli 
cation of the second shield portion 314. 
0316. As shown in FIGS. 14A to 16B, since only with the 
second shield portion 314 of the casing main body 300, a gap 
occurs in the output wires 21 and 22 of the coiled wire 10, 
electromagnetic shield may not be sufficient. In this case, as 
shown in FIG. 18A, a shield portion 317 for burying the gap 
may be provided in the current detector cover 301. In such 
a manner, the gap in the output wires 21 and 22 is almost 
removed, and thus an electromagnetic shield effect 
increases. 
0317. Further, as shown in FIG. 18B, instead of the 
second shield portion 314, a shield portion 318 may be 
provided in the current detector cover 301. 
0318 Moreover, as for the third shield portion 323 of the 
Voltage detection printed board 2 side, the same one as the 
shield portion 317 or the shield portion 318 provided in the 
current detector cover 301 may be provided in the voltage 
detector cover 302, thereby increasing an electromagnetic 
shield effect. This is the same as FIGS. 18A and 18B, and the 
description thereof will be omitted. 
0319. As described above, as for the current detection and 
voltage detection sides, the casing main body 300 is formed 
as a single body. For this reason, as described above, current 
detection and Voltage detection can be performed in separate 
spaces, and the outputs can be converted into Voltage levels 
using the individual conversion circuits. Therefore, there is 
almost no mutual interference, and thus detection accuracy 
can be improved. 
0320 (iii) Effects of when Current/Voltage Detector 3 is 
Attached 
0321 FIGS. 19A and 19B are explanation diagrams of 
when the current/voltage detector 3 is attached. In FIGS. 
19A and 19B, it assumes that the power transmission con 
ductor 66 and the insulator 69 surrounding the power 
transmission conductor 66 are attached, for example in an 
impedance matching device 63. For simplification of the 
figure, other components existed in the periphery of the 
power transmission conductor 66 and the like are not shown. 
0322. As discussed above, the power transmission con 
ductor 66 and the like is disposed adjacent to the recess 
portion 304 of a substantially semicircular cylinder provided 
in the casing. Therefore, unlike the related art, it is not 
necessary to attach the current/voltage detector 3 and the 
power transmission conductor 66 and the like at the same 
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time. That is, as shown in FIG. 19A, even when the power 
transmission conductor 66 and the like has already been 
attached in the device, the current/voltage detector 3 can be 
attached later as shown in FIG. 19B. Further, the current/ 
voltage detector 3 can be removed without removing the 
power transmission conductor 66 and the like as shown in 
FIG. 19A from the state where the current/voltage detector 
3 is attached to the power transmission conductor 66 and the 
like as shown in FIG. 19B. 

0323 (Modification of Current/Voltage Detector 3) 
0324 FIGS. 20A and 20B show a current/voltage detec 
tor 3a as a modification of the current/voltage detector 3. 
However, a current detector cover 301a and a voltage 
detector cover 302a are not shown. In FIGS. 19A and 19B, 
the current detection printed board 1 is as shown in FIGS. 1A 
to 1D, and the voltage detection printed board 2 is as shown 
in FIGS. 9A to 9D. That is, the current conversion circuit 51 
is not provided in the current detection printed board 1, and 
the voltage conversion circuit 53 is not provided in the 
voltage detection printed board 2. A casing main body 300a 
having a shape for the current detection printed board 1 and 
the voltage detection printed board 2 is used. For this reason, 
the output of the current detection printed board 1 is output 
outside the casing by output wires 25 and 26, not pattern 
wires. Further, the output of the voltage detection printed 
board 2 is output outside the casing by an output wire 42, not 
a pattern wire. Moreover, the output wires 25 and 26 are 
connected to a current conversion circuit 51 that is sepa 
rately provided, and the output wire 42 is connected to the 
voltage conversion circuit 53 that is separately provided. 
0325 (4) Current Detector and Voltage Detector 
0326 In the above description, the current detector 310 
and the voltage detector 320 are formed as a single body. 
However, the invention is not limited thereto, but the current 
detector 310 and the voltage detector 320 may be separately 
provided. Here, the same reference numerals as FIGS. 12A 
to 12C are used. 

0327 FIG. 21 is a diagram showing an example where 
the current detection printed board 1 and the voltage detec 
tion printed board 2 are accommodated in separate casings, 
thereby forming the current detector 310 and the voltage 
detector 320 separately. As shown in FIG. 21, if the current 
detector 310 and the voltage detector 320 are provided 
separately and disposed Such that both sides overlap each 
other, the same effects as the current detector and the voltage 
detector formed as a single body can be obtained. Moreover, 
the current detector 310 and the voltage detector 320 are 
individually provided, and thus the recess portions 304 of a 
Substantially semicircular cylinder shape are separated in 
two part. However, for convenience, the same reference 
numeral is used for each of the recess portion of a Substan 
tially semicircular cylinder shape. 
0328 FIG. 22 is a diagram showing an application when 
the current detector 310 and the voltage detector 320 are 
provided separately. As shown in FIG. 22, the current 
detector 310 and the voltage detector 320 may overlap each 
other in different directions, not in the same direction. 
Moreover, as shown in FIG. 22, if the recess portions 304 of 
a Substantially semicircular cylinder shape provided in the 
individual detectors are coaxially located, the power trans 
mission conductor 66 can be linear, and thus the structure 
can be simplified. Further, ease of assembling can be real 
ized. 
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0329. Although an example where the detector is pro 
vided at the input terminal 63a of the impedance matching 
device has been described in the above description, the 
invention is not limited thereto. For example, the detector 
may be provided at an output terminal of the high-frequency 
power supply device 61 or may be provided at the output 
terminal 63b of the impedance matching device. Moreover, 
as described above, there is a difference in current and 
voltage at the input terminal 63a and the output terminal 63b 
(the same as the input terminal of the load 65) of the 
impedance matching device. For this reason, when the 
detector is provided at the output terminal 63b of the 
impedance matching device or the input terminal of the load 
65, in order to extend an insulation distance, it is preferable 
to use a power transmission conductor 68 having a large 
diameter or an insulator 69 covering the periphery of the 
power transmission conductor 68 in consideration of the 
difference. Further, the detector may be used for other 
systems other than the high-frequency power Supply system. 
0330 Although a case where the current detector 310 is 
disposed near the input and the voltage detector 320 is 
disposed at the back of the current detector 310 has been 
described in the above description, as shown in FIG. 23, the 
voltage detector 320 may be disposed near the input. 
0331 Although an example where the current detector 
310 and the voltage detector are used together has been 
described in the above description, either the current detec 
tor 310 or the voltage may be used. 
0332 (5) Application of Current Detection Printed 
Board/Voltage Detection Printed Board 
0333 FIG. 24 is a diagram showing an application of the 
current detection printed board 1 and the voltage detection 
printed board 2 according to the invention. 
0334. As shown in FIG. 24A, the cutout 101 of the 
current detection printed board 1 and the cutout 201 of the 
Voltage detection printed board 2 can be used by combining 
them so as to opposed to each other. The cutout 101 and the 
cutout 201 are a substantially semicircular shape and thus if 
these recess are Substantially the same size, the combined 
portion becomes a substantially circular shape. Agap may be 
provided between the current detection printed board 1 and 
the voltage detection printed board as shown in FIG. 24B. 
0335. In this case, the power transmission conductor 66 

is located to pass through a center of the Substantially 
circular portion formed by combined two cutouts and thus 
the current detection and Voltage detection can be performed 
in the same way as the above embodiments. 
0336. In a case where the power transmission 66 has a 
circular cylinder shape (circular cross-section), when the 
gap between the current detection printed board 1 and the 
Voltage detection printed board 2 increases, a space between 
the wire and the power transmission conductor 66 cannot 
make constant. Therefore, it may cause reduction of detec 
tion accuracy. Accordingly, it is preferable to reduce the gap 
as Small as possible. 
0337. Further, with this arrangement, since a current and 
a Voltage at the same position with respect to the axial 
direction of the power transmission conductor 66 can be 
detected, it can improve detection accuracy of phase differ 
CCC. 

0338 Although FIGS. 24A and 24B shows an example of 
the printed board having double-sided structure such as the 
current detection printed board 1 shown in FIGS. 1A to 1D 
and the voltage detection printed board 2 shown in FIGS. 9A 
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to 9D, it is not limited thereto, for example a multi-layer 
printed board may be used in one of or both of these boards. 
In addition, the current conversion circuit 51 or the voltage 
conversion circuit 53 may be used. 
0339 FIG. 25 is a diagram showing a state where the 
current detector 310 and the voltage detector 320 are dis 
posed such that recess portions 304 of substantially semi 
circular cylinder provided in individual casings are opposed 
to each other. As a result, in the current detection printed 
board 1 in the current detector 310 and the voltage detection 
printed board 2 in the voltage detector 320, the recess 
portion 101 of the current detection printed board 1 and the 
recess portion 201 of the voltage detection printed board 2 
are opposed to each other. That is, it makes arrangement of 
FIGS. 24A and 24B. Therefore, as explained in FIGS. 24A 
and 24B, the detection accuracy of phase difference can be 
improved. In addition, since the current detector 310 and the 
voltage detector 320 are individually provided, the effects as 
explained in FIG. 19 can be obtained. 
0340 (6) Current/Voltage Detector (Second Case) 
0341 FIG. 26 is a cross-sectional diagram of a casing 
where the current detection printed board 1 and voltage 
detection printed board 2 are provided in one casing. 
(0342. In FIG. 25, the current detector 310 and the voltage 
detector 320 are individually provided. With developing this 
arrangement, as shown in FIG. 26, the current detection 
printed board 1 and the voltage detection printed board 2 
may be provided in one casing main body 305. This arrange 
ment can obtain the same effect as that in FIG. 25. However, 
the current detection side and the Voltage detection side are 
not independently separated, the effect as explained in FIG. 
19 can not be obtained. In this case, the casing main body 3 
is provided with the penetration hole 303 and the power 
transmission conductor 66 and the insulator 69 surrounding 
the power transmission conductor 66 are disposed to pass 
through the penetration hole 303. Here, the current detection 
cover 301 and the voltage detection cover 302 may be 
separated or integrated as shown in FIG. 26. 
(0343 (7) Current/Voltage Detector (Third Case) 
0344 FIG. 27 is a diagram of a current/voltage detection 
printed board 4 having a current detection function and a 
Voltage detection function in one board. The current/voltage 
detection printed board 4 is a board in which the current 
detection printed board 1 and the voltage detection printed 
board 2 shown in FIG. 24A are integrated. This arrangement 
makes it possible to realize the current detection function 
and the Voltage detection function in one printed board. In 
this case, as shown in FIG. 27, the current/voltage detection 
printed board 4 is provided with a penetration hole 401 of a 
Substantially circular shape and the power transmission 
conductor 66 and the insulator 69 surrounding the power 
transmission conductor 66 are disposed to pass through the 
penetration hole 401. For convenience, the reference numer 
als of the current/voltage detection printed board 4 are 
represented by the same reference numerals as used for the 
current detection printed board 1 and voltage detection 
printed board 2. 
0345 The current/voltage detector may be configured by 
using the current/voltage detection printed board 4. In this 
case, the current/voltage detection printed board 4 shown in 
FIG. 27 can be used instead of the current detection printed 
board 1 and the voltage detection printed board 2 in the 
current/voltage detector shown in FIG. 26. This case are not 
shown since it is pretty similar to FIG. 26. 
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(0346 (8) Fixing Method 
0347. In FIGS. 26 and 27, when the outer diameter of the 
insulator 69 and the inner diameter of the penetration hole 
provided in the casing main body 305 are substantially 
consistent with each other, the insulator 69 and the current/ 
voltage detector 3 can be fixed. However, actually, the 
insulator 69 having an outer diameter smaller than the inner 
diameter of the penetration hole may be used. In this case, 
a gap occurs between the insulator 69 and a casing main 
body 305. As such, if the gap exists, when the power 
transmission conductor 66 and the current/voltage detector 3 
are mounted on the impedance matching device 63, the 
relative position therebetween may not be constant accord 
ing to mounting devices. In this case, when a plurality of 
devices are formed, a variation in detection value of the 
individual devices occurs. For this reason, when the gap is 
large, it is preferable to keep the relative position between 
the power transmission conductor 66 and the current/voltage 
detector 3 constant. 
0348 FIG. 28 is a diagram showing a fixing method of 
the insulator 69. In this figure, the current/voltage detection 
printed board 4 shown in FIG. 27 is used. As shown in FIG. 
28, a concave portion is provided in the insulator 69, and the 
current detector cover 301 and the voltage detector cover 
302 are fitted into the concave portion. With this configu 
ration, the insulator 69 can be fixed by the current detector 
cover 301 and the voltage detector cover 302. If the insulator 
69 can not be stably fixed by this configuration, in order to 
stabilize the insulator, a mounting part 306 for fixing the 
insulator 69 may be provided at the lower portion of the 
casing main body 305 (as viewed from the paper). The 
mounting part 306 is fitted into the concave portion provided 
in the insulator 69 and is mounted on the casing main body 
305 by beads or the like (not shown). Then, even though the 
outer diameter of the insulator 69 is smaller than the inner 
diameter of the penetration hole 303, the relative position 
between the power transmission conductor 66, and the 
current detection printed board 1 and the voltage detection 
printed board 2 can be substantially kept constant. 
0349. In FIG. 28, it explains the case where the casing 
main body 305 is provided with the penetration hole 303, 
however it is not limited thereto. For example, by changing 
the shape of the mounting part 306, the insulator can be fixed 
to the current/voltage detector 3 explained in FIG. 12. As 
described in FIG. 21 and the like, the fixing method can be 
applied to a case where the current detector 310 and the 
voltage detector 320 are provided separately. The current 
detection cover 301, the voltage detection cover 302 and the 
mounting part 36 are examples of the fixing unit of the 
invention. 

0350 FIG. 29 is a diagram showing a case where the 
sizes of the power transmission conductor 66 and the 
insulator 69 are suited to the size of the current/voltage 
detector 3 in the current/voltage detector 3 shown in FIG. 23. 
0351. Like FIG. 28, when the insulator 39 is fixed to the 
current/voltage detector 3, in order to improve maintenance, 
as shown in FIG. 29, the sizes of the power transmission 
conductor 66 and the insulator 69 may be suited to the size 
of the current/voltage detector 3, such that the power trans 
mission conductor 66 and the insulator 69 can be removed 
from the current/voltage detector 3. With this configuration, 
maintenance can be improved. Moreover, in FIG. 29, though 
not shown, a connection portion for connection to anther 
conductor is provided in the power transmission conductor 
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66. Moreover, the current detector cover 301, the voltage 
detector cover 302, and the mounting part 306 of FIGS. 23 
to 25 are an example of a fixing unit of the invention. 
0352 Although an example where high-frequency power 
having a frequency (for example, a frequency of hundreds 
kHz or more) of a radio frequency band is used has been 
described in the above description, AC power having a 
frequency lower than the frequency of the radio frequency 
band may be used. Meanwhile, in case of the high frequency, 
Such as the frequency of the radio frequency band, it is 
necessary to shield the electromagnetic wave using the 
second shield portion 314 and the third shield portion 323 in 
the casing. Accordingly, when the frequency of AC power is 
low and an influence of the electromagnetic wave is negli 
gible, the second shield portion 314 and the fourth shield 
portion 323 may not be provided. Besides, since character 
istics are different according to the frequencies to be used, it 
is preferable to use a casing Suitable for the characteristic. 
0353 Although a case where the power transmission 
conductors 66 and 68 are a cylindrical copper rod, that is, 
has a circular shape in section has been described in the 
above description, the invention is not limited thereto. For 
example, a conductor having an elliptical shape or a rect 
angular shape in section may be used. Further, although a 
case where the cutout 101 of the current detection printed 
board 1 and the cutout 201 of the voltage detection printed 
board 2 have a circular shape has been described, the 
invention is not limited thereto. For example, an elliptical 
shape or a rectangular shape may be used. 
0354 Although the cutout 101 of the current detection 
printed board 1 and the cutout 201 of the voltage detection 
printed board 2 has been described in a substantially semi 
circular shape, the invention is not limited thereto. For 
example, a shape closer to circle than semicircle may be 
adopted. In addition to the shape of the cutout 101 and the 
cutout 201, the coiled wire 10 and the substantially semir 
ing-shaped wire 30 may be changed in shape as well. 
Although the shape of the cutout 101 and the cutout 201 are 
not limited to the semicircular shape as described above, the 
circular cutout can preferably exert the effect explained in 
FIG. 24. 
0355. As described above, there exist various kinds of the 
current detection printed board, the voltage detection printed 
board, and the detectors using the same. Therefore, other 
combinations than those described above can be made. 

What is claimed is: 
1. A current detection printed board comprising: 
a board having a cutout; and 
at least one wire that is formed in a coiled shape having 

both ends by penetrating the board along the periphery 
of the cutout and alternately connecting a front Surface 
layer and a rear surface layer of the board, 

wherein, when a conductor, in which an AC current flows, 
is disposed adjacent to the cutout, a current flowing in 
the wire through electromagnetic induction is output. 

2. The current detection printed board according to claim 
1, 

wherein the wire includes: through holes formed at the 
penetrating portion of the board; and pattern wires 
formed on the front surface layer and the rear surface 
layer. 

3. The current detection printed board according to claim 
1, 
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wherein, when a plurality of the wires are formed on the 
board, both ends or electrically identical portions of 
each wire are electrically connectable to both ends or 
electrically identical positions of another wire. 

4. A current detection printed board comprising: 
a board having a cutout; and 
at least one wire that is formed in a coiled shape and has 

both ends by penetrating between a top conductive 
layer and a bottom conductive layer of the board along 
the periphery of the cutout and alternately connecting 
the top conductive layer and the bottom conductive 
layer of the board, and/or 

at least one wire that is formed in a coiled shape and has 
both ends by penetrating a part of layers of the board 
along the periphery of the cutout and alternately con 
necting a top conductive layer and a bottom conductive 
layer of the penetrating portion, 

wherein, when a conductor, in which an AC current flows, 
is disposed adjacent to the cutout, a current flowing in 
the wire through electromagnetic induction is output. 

5. The current detection printed board according to claim 
4. 

wherein the wire includes: through holes formed at the 
penetrating portion penetrating between the top con 
ductive layer and the bottom conductive layer of the 
board or the part of layers of the board; and pattern 
wires formed on the top conductive layer and the 
bottom conductive layer of the penetrating portion. 

6. The current detection printed board according to claim 
4. 

wherein, when a plurality of the wires are formed on the 
board, both ends or electrically identical portions of 
each wire are electrically connectable to both ends or 
electrically identical positions of another wire. 

7. The current detection printed board according to claim 
4. 

wherein the cutout has a Substantially semicircular shape. 
8. The current detection printed board according to claim 

4. 
wherein the AC current is an AC current having a fre 

quency of a radio frequency band. 
9. A voltage detection printed board comprising: 
a board having a cutout; and 
a wire that is formed along the periphery of the cutout, 
wherein, when a conductor, in which an AC voltage is 

generated, is disposed adjacent to the cutout, the wire 
functions as an electrode of a capacitor by making a 
pair with a portion of the conductor facing the wire. 

10. The voltage detection printed board according to 
claim 9, 

wherein the wire includes: along the periphery of the 
cutout, a plurality of through holes penetrating the 
board; and pattern wires formed on a front surface layer 
and a rear Surface layer of the board so as to connect the 
through holes. 

11. The Voltage detection printed board according to claim 
9, 

wherein the wire includes: along the periphery of the 
cutout, a plurality of through holes penetrating between 
the top conductive layer and the bottom conductive 
layer of the board or a part of layers of the board; and 
a pattern wire formed on at least one layer between the 



US 2007/0285089 A1 

top conductive layer and the bottom conductive layer of 
the penetrating portion so as to connect the through 
holes. 

12. The Voltage detection printed board according to 
claim 9, 

wherein the through holes have a substantially semicir 
cular shape. 

13. The voltage detection printed board according to 
claim 9, 

wherein the AC voltage is an AC voltage having a 
frequency of a radio frequency band. 

14. A current/voltage detection printed board comprising: 
a penetration hole that penetrates the board: 
at least one first wire that is formed in a coiled shape and 

has both ends by penetrating the board along the 
periphery of a substantially half of the penetration hole 
and alternately connecting a top conductive layer and a 
bottom conductive layer of the board, and/or 

at least one wire that is formed in a coiled shape and has 
both ends by penetrating a part of layers of the board 
along the periphery of the substantially half of the 
penetration hole and alternately connecting a top con 
ductive layer and a bottom conductive layer of the 
penetrating portion; 

a second wire for output that is connected to all or a part 
of both ends of the first wire; 

a current detection portion that functions to output a 
current flowing in the first wire through electromag 
netic induction when the power transmission conduc 
tor, in which an AC current flows, is disposed to pass 
through the penetration hole; 

a third wire that is formed along the periphery of another 
substantially half of the penetration hole; 

a fourth wire for output that is connected to a part of the 
third wire; and 

a voltage detection portion that functions to output a 
voltage generated in the third wire from the fourth wire 
when the power transmission conductor, in which an 
AC Voltage is generated, is disposed to pass through the 
penetration hole, and the third wire makes a pair with 
a portion of the power transmission conductor facing 
the third wire and functions as an electrode of a 
capacitor. 

15. The current/voltage detection printed board according 
to claim 14, 

wherein the first wire includes: through holes formed at 
the penetrating portion penetrating between the top 
conductive layer and the bottom conductive layer of the 
board or the part of layers of the board; and pattern 
wires formed on the top conductive layer and the 
bottom conductive layer of the penetrating portion. 

16. The current/voltage detection printed board according 
to claim 14, 

wherein the third wire includes: along the periphery of the 
penetration hole, a plurality of through holes penetrat 
ing between the top conductive layer and the bottom 
conductive layer of the board or a part of layers of the 
board; and a pattern wire formed on at least one layer 
between the top conductive layer and the bottom con 
ductive layer of the penetrating portion so as to connect 
the through holes. 

17. The current/voltage detection printed board according 
to claim 14, 

18 
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wherein, when a plurality of the first wires are formed on 
the board, both ends or electrically identical portions of 
each wire are electrically connectable to both ends or 
electrically identical positions of another wire. 

18. A current/voltage detector that detects an AC current 
flowing in a power transmission conductor to be used as an 
AC power transmission path and an AC Voltage generated in 
the power transmission conductor, the current/voltage detec 
tor comprising: 

a current detection printed board having a first cutout, and 
including: 
at least one first wire that is formed in a coiled shape 

and has both ends by penetrating between a top 
conductive layer and a bottom conductive layer of 
the board along the periphery of the first cutout and 
alternately connecting the top conductive layer and 
the bottom conductive layer of the board, and/or 

at least one wire that is formed in a coiled shape and has 
both ends by penetrating a part of layers of the board 
along the periphery of the first cutout and alternately 
connecting a top conductive layer and a bottom 
conductive layer of the penetrating portion, and 

a second wire for output that is connected to all or a part 
of both ends of the first wire, 

wherein when the power transmission conductor, in 
which the AC current flows, is disposed adjacent to 
the first cutout, the current detection printed board 
functions to output a current flowing in the first wire 
through electromagnetic induction; and 

a voltage detection printed board having a second cutout, 
and including: 
a third wire that is formed along the periphery of the 

second cutout; and 
a fourth wire for output that is connected to a part of the 

third wire, 
wherein when the power transmission conductor, in 

which the AC voltage is generated, is disposed 
adjacent to the second cutout, and the third wire 
makes a pair with a portion of the power transmis 
sion conductor facing the third wire and functions as 
an electrode of a capacitor, the Voltage detection 
printed board functions to output a Voltage generated 
in the third wire from the fourth wire. 

19. The current/voltage detector according to claim 18, 
wherein the first wire includes: through holes formed at 

the penetrating portion penetrating between the top 
conductive layer and the bottom conductive layer of the 
board or the part of layers of the board; and pattern 
wires formed on the top conductive layer and the 
bottom conductive layer of the penetrating portion. 

20. The current/voltage detector according to claim 18, 
wherein the third wire includes: along the periphery of the 

second cutout, a plurality of through holes penetrating 
between the top conductive layer and the bottom con 
ductive layer of the board or a part of layers of the 
board; and a pattern wire formed on at least one layer 
between the top conductive layer and the bottom con 
ductive layer of the penetrating portion so as to connect 
the through holes. 

21. The current/voltage detector according to claim 18, 
wherein, when a plurality of the first wires are formed on 

the board, both ends or electrically identical portions of 
each wire are electrically connectable to both ends or 
electrically identical positions of another wire. 
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22. The current/voltage detector according to claim 18, 
further comprising: 

a first conversion circuit that converts the current output 
from the second wire of the current detection printed 
board into a predetermined voltage level; 

a fifth wire that outputs the voltage converted by the first 
conversion circuit; 

a second conversion circuit that converts the Voltage 
output from the fourth wire of the voltage detection 
printed board into a predetermined voltage level; and 

a sixth wire that outputs the voltage converted by the 
second conversion circuit. 

23. The current/voltage detector according to claim 22, 
wherein the first conversion circuit is provided on the 

current detection printed board, and 
the second conversion circuit is provided on the Voltage 

detection printed board. 
24. The current/voltage detector according to claim 22, 

further comprising: a conductor casing that fixes the current 
detection printed board and the voltage detection printed 
board therein, 

wherein the casing has: 
an opening through which a magnetic flux acting on the 

first wire passes; 
an opening that allows the third wire and the power 

transmission conductor to be not shielded; 
an opening through which the fifth wire is led to the 

outside; and 
an opening through which the sixth wire is led to the 

outside, and 
wherein the casing is configured to cover the current 

detection printed board and the voltage detection 
printed board, excluding the openings. 

25. The current/voltage detector according to claim 24, 
wherein the casing includes: 

a first casing that fixes the current detection printed board; 
a second casing that fixes the Voltage detection printed 

board; 
a first cover that covers the first casing; and 
a second cover that covers the second casing, and 
wherein the first casing and the second casing are dis 

posed such that the first cutout provided in the current 
detection printed board and the second cutout provided 
in the voltage detection printed board are substantially 
coaxially located. 

26. The current/voltage detector according to claim 24, 
wherein the casing includes: 

a first casing that fixes the current detection printed board; 
a second casing that fixes the Voltage detection printed 

board, 
a first cover that covers the first casing; and 
a second cover that covers the second casing, and 
wherein the first cutout provided in the current detection 

printed board and the second cutout provided in the 
voltage detection printed board are substantially the 
same size, and the first casing and the second casing are 
disposed such that the first cutout and the second cutout 
are combined to be opposed to each other and the 
combined portion has a Substantially circular shape. 

27. The current/voltage detector according to claim 25, 
wherein a shield member that reduces the amount of an 

electromagnetic wave entering from a side of the first 
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wire into a side of the first conversion circuit is pro 
vided in at least one of the first casing and the first 
cover, and 

wherein a shield member that reduces the amount of an 
electromagnetic wave entering from a side of the third 
wire into a side of the second conversion circuit is 
provided in at least one of the second casing and the 
second cover. 

28. The current/voltage detector according to claim 25, 
wherein the first casing and the second casing are formed 

in a single body. 
29. The current/voltage detector according to claim 24, 
wherein the casing includes a fixing unit that Substantially 

fixes the relative position between the power transmis 
sion conductor, and the current detection printed board 
and the Voltage detection printed board. 

30. The current/voltage detector according to claim 18, 
wherein the first cutout and the second cutout have a 

Substantially semicircular shape. 
31. The current/voltage detector according to claim 18, 
wherein the AC power is AC power having a frequency of 

a radio frequency band. 
32. A current detector that detects an AC current flowing 

in a power transmission conductor to be used as an AC 
power transmission path, the current detector comprising: 

a current detection printed board having a first cutout, and 
including: 
at least one first wire that is formed in a coiled shape 

and has both ends by penetrating between a top 
conductive layer and a bottom conductive layer of 
the board along the periphery of the first cutout and 
alternately connecting the top conductive layer and 
the bottom conductive layer of the board, and/or 

at least one wire that is formed in a coiled shape and has 
both ends by penetrating a part of layers of the board 
along the periphery of the first cutout and alternately 
connecting a top conductive layer and a bottom 
conductive layer of the penetrating portion, and 

a second wire for output that is connected to all or a part 
of both ends of the first wire, 

wherein when the power transmission conductor, in 
which the AC current flows, is disposed adjacent to 
the first cutout, the current detection printed board 
functions to output a current flowing in the first wire 
through electromagnetic induction. 

33. The current detector according to claim 32, further 
comprising: 

a first conversion circuit that converts the current output 
from the second wire of the current detection printed 
board into a predetermined voltage level; and 

a third wire that outputs the voltage converted by the first 
conversion circuit. 

34. The current detector according to claim 33, 
wherein the first conversion circuit is provided on the 

current detection printed board. 
35. The current detector according to claim 33, further 

comprising a conductor casing that fixes the current detec 
tion printed board therein, 

wherein the casing has: 
an opening through which a magnetic flux acting on the 

first wire passes; and 
an opening through which a third wire is led to the 

outside, and 
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wherein the casing is configured to cover the current 
detection printed board, excluding the openings. 

36. The current detector according to claim 32, 
wherein the first cutout has a substantially semicircular 

shape. 
37. The current detector according to claim 32, 
wherein the AC power is AC power having a frequency of 

a radio frequency band. 
38. A voltage detector that detects an AC voltage gener 

ated in a power transmission conductor to be used as an AC 
power transmission path, the Voltage detector comprising: 

a Voltage detection printed board having a first cutout, and 
including: 
a first wire that is formed along the periphery of the first 

cutout, and 
a second wire for output that is connected to a part of 

the first wire, 
wherein when the power transmission conductor, in which 

the AC Voltage is generated, is disposed adjacent to the 
first cutout, and the first wire makes a pair with a 
portion of the power transmission conductor facing the 
first wire and functions as an electrode of a capacitor, 
the Voltage detection printed board functions to output 
a Voltage generated in the first wire from the second 
wire. 

39. The voltage detector according to claim 38, further 
comprising: 
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a first conversion circuit that converts the Voltage output 
from the second wire of the voltage detection printed 
board into a predetermined voltage level; and 

a third wire that output the voltage converted by the first 
conversion circuit. 

40. The voltage detector according to claim 39, 
wherein the first conversion circuit is provided on the 

Voltage detection printed board. 
41. The voltage detector according to claim 39, further 

comprising a conductor casing that fixes the Voltage detec 
tion printed board therein, 

wherein the casing has: 
an opening that allows the first wire and the power 

transmission conductor to be not shielded, and 
an opening through which the third wire is led to the 

outside; and 
the casing is configured to cover the Voltage detection 

printed board, excluding the openings. 
42. The voltage detector according to claim 38, 
wherein the first cutout has a substantially semicircular 

shape. 
43. The current detector according to claim 38, 
wherein the AC power is AC power having a frequency of 

a radio frequency band. 


