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TITLE OF THE INVENTION 

ELECTROMAGNETIC RADIATION MEASURING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to.an electromagnetic 

radiation measuring apparatus for measuring an · 

electromagnetic radiation from a target electric circuit 

apparatus. 

2 .. Description of the Prior Art 

An electromagnetic radiation measuring apparatus for 

measuring an electromagnetic radiation from a target 

electric circuit is known.· Fig. 10 is a cross-sectional 

view of each of antenna portions of a prior art 

electromagnetic radiation measuring apparatus. The antenna 

15 portion of the prior art electromagnetic radiation 

measuring apparatus comprises a multi-layer printed-circuit 

board 11, a print pattern 12 formed on a top surface of the 

multi-layer printed-circuit board 11, via holes 13 and 14 

connected to form an open wire loop structure, and a 

20 switching element 10 for selectively outputting a detection 

signal derived from a detected electromagnetic radiation 

from the via hole 14. In Fig. 10, references L' and h' 

represents horizontal and vertical lengths of the open wire 

loop structure respectively and reference hb denotes a 

25 thickness of the multi-layer printed-circuit board 11. 
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An electromagnetically induced voltage is 

proportional to an opening area of the open wire loop 

structure, that is, S' = (L'· x h'). Therefore, each of the 

antenna portions has a sensitivity proportional to the 

5 opening area S' and producing the detection signal and the 

switching circuit outputs the detection signal from 

successively selected one of antenna portions. 

SUMMARY OF THE INVENTION 

The aim of the present invention is to provide an 

10 improved electromagnetic measuring apparatus. 

According to the present invention there is provided 

an electromagnetic radiation measuring apparatus, 

comprising: a plurality of antenna elements matrix-arranged 

responsive to electromagnetic waves; a printed circuit 

15 board having plural sets of first and second print patterns; 

and a switching circuit; each antenna element having: an 

insulator having a substantially rectangular parallelepiped; 

at least a conductor pattern on at least a surface of the 

rectangular parallelepiped; and connecting portions for 

20 mechanically and electrically connecting the conductor 

pattern to the first and second print patterns of each set, 

the switching circuit selectively outputting a detection 

signal generated by the conductor pattern of each antenna 

element in response to the electromagnetic waves. In this 

25 apparatus, the conductor pattern may have a straight line 
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portion having a constant width or may have a circle shaped 

portion or may have an oval shaped portion. In this 

apparatus, the conductor pattern may be spirally wound 

around the insulator by at least a turn such that an axis 

5 of at least a conductor spirally wound is parallel to the 

printed circuit board. Each of antenna element may have a 

plurality of conductor patterns. Moreover, the conductor 

is arranged on a top surface of the insulator and the 

connecting portions comprises first and second electrodes 

10 for providing connections between the conductor and the 

first and second print patterns respectively. 

· BRIEF DESCRIPTION OF THE DRAWINGS 

The object and features of the present invention 

will become more readily apparent from the following 

15 detailed description taken in conjunction with the 

accompanying drawings in which: 

Fig. 1 is a perspective view of a portion of an 

electromagnetic radiation measuring apparatus including a 

plurality.of antenna elements of the first embodiment, 

20 wherein one of antenna elements is shown: 

Fig. 2 is a cross-sectional view of the antenna 

element of the electromagnetic radiation measuring 

apparatus of the first embodiment, wherein the antenna 

element is sectioned on a line which is derived by slightly 

25 twisting a line on a diagonal of the rectangular of the top 
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surface of the antenna element shown in Fig. 1 around the 

center of the rectangular; 

Fig. 3 is a plan view of an electromagnetic 

radiation measuring apparatus of this invention, wherein an 

5 arrangement of the antenna elements; 

·Fig. 4 is a perspective view of an antenna element 

Sa used in the electromagnetic radiation measuring 

apparatus of a second embodiment; 

Fig. 5 is a perspective view of an antenna element 

10 used in the electromagnetic radiation measuring apparatus 

of a third embodiment; 

Fig. 6 is a perspective view of an antenna element 

of an electromagnetic radiation measuring apparatus of a 

fourth embodiment; 

15 Fig. 7 is a perspective view of an antenna element 

of an electromagnetic radiation measuring apparatus-of the 

fifth embodiment; and 

Fig. 8 is a perspective view of an antenna element 

of an electromagnetic radiation measuring apparatus of the 

20 sixth embodiment; 

Fig. 9 is a circuit diagram of an electromagnetic 

radiation measuring apparatus of this invention: 

Fig. 10 is a cross-sectional view of each of antenna 

portions of a prior art electromagnetic radiation measuring 

25 apparatus: and 
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Figs. llA and llB are plan views of the antenna 

elements of the first embodiment. 

The same or corresponding elements or parts are 

designated with like references throughout the drawings. 

5 DETAILED DESCRIPTION OF THE INVENTION 

Hereinbelow will be described a first embodiment of 

this invention. 

Fig. 1 is a perspective view of a portion of an 

electromagnetic radiation measuring apparatus including a 

10 plurality of antenna elements of the first embodiment, 

wherein one of antenna elements is shown. Fig. 2 is a 

cross-sectional view of .the antenna element of the 

electromagnetic radiation measuring apparatus of the first 

embodiment, wherein the antenna element is sectioned on a 

15 line which is derived by slightly twisting a diagonal of 

the rectangular of the top surf ace of the antenna element 5 

around the center of the rectangular. Fig. 9 is a circuit 

diagram of the electromagnetic radiation measuring 

apparatus of this invention. The electromagnetic radiation 

20 measuring apparatus comprises a multi-layer printed-circuit 

board 6, an· antenna matrix including a plurality of antenna 

elements 5, and a switching circuit 30 including a 

plurality of switching elements 10. Each of antenna 

elements 5 has a rectangular parallelepiped electrical 

25 insulator 2 mounted on the multi-layer printed circuit 
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board 6. The antenna element 5 has a conductor pattern 1 

on a top surface and side surfaces of the electrical 

insulator 2, electrodes 3 and 4 perpendicularly bent to 

partially cover the conductor pattern 1 on the side 

5 surfaces and a bottom surface of the electrical insulator 2. 

The multi-layer printed circuit board 6 has print patterns 

7 and 8 on a top surface of the multi-layer printed circuit 

board 6 to provide electronic contacts between the 

electrodes 3 and 4 and the conductor pattern 11, a via hole 

10 9 formed through· the multi-layer printed circuit board 6 

for coupling the print pattern 7 i.e., the print pattern 11, 

to the switching element 10. The switching circuit 30 

selectively supplies each of outputs of the conductor 

patterns 1. The electrodes 3 and 4 are electrically 

15 connected to the print patterns 7 and 8 by soldering or the 

other corresponding method. The antenna loop structure 

including the conductor pattern 1 receives electromagnetic 

waves 20 and generates a detection signal. The detection 

signal from the conductor pattern 1 is supplied to the 

20 switching element 10 via the electrode 3 and the print 

pattern 7, the via hole 9, and the print pattern 11. 

The switching circuit 30 comprises the switching 

elements 10 arranged to have a matrix structure 

corresponding to the antenna matrix (Xm, Yn) of the antenna 

25 elements 5, a control circuit 31 for controlling the 
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switching elements 10 and antenna elements 5 to output the 

detection signals from respective antenna elements 5, 

output conductors 32 for supplying one of th·e detection 

signals from one antenna element 5 selected by the control 

. 5 circuit 31, and an outputting circuit 34 for outputting the 

detection signal from the selected antenna element 5. In 

other wor.ds, each of the antenna elements 5 having the 

matrix structure (Xm, Yn) is scanned by the control circuit 

31· to successively output each detection signal from each 

10 of antenna elements 5. 

Fig. 3 is a plan view· of the electromagnetic 

radiation measuring apparatus of this embodiment, wherein 

an arrangement of the antenna elements, i.e., the antenna 

matrix is shown~ A plurality of the antenna· elements 5 are 

15 arranged on the top surface of the multi-layer printed 

board 6 to provide the matrix structure of the antenna 

elements 5. Each of the switching elements 10 successively 

supplies the detection signals to an external measuring 

equipment. Therefpre, an electromagnetic radiation from an 

20 operated target printed circuit board is measured by this 

electromagnetic radiation apparatus using the external 

measuring equipment to determine a print pattern on the 

25 

target printed circuit board which pattern generates a 

strong electromagnetic radiation. 

In Fig. 3, one vertical line of the antenna matrix 
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out of consective two lines is arranged to have a loop 

direction perpendicular to the loop direction of the other 

vertical line of the consective two lines of antenna 

elements to reduce an electromagnetic coupling or 

5 interference between neighbour antenna elements 5. However, 

this arrangement pattern or loop directions of the antenna 

elements 5 can be modified. 

In Figs. 1 and 2, reference L denotes a horizontal 

length of the antenna element 5, reference h denotes a 

10 height of the antenna element 5, and ha represents a 

thickness of the multi-layer printed circuit board 6. 

Generally, the electromagnetic induction voltage 

from an antenna having the wire loop is proportional to an 

opening area of the wire loop, that is. S = L x h. 

15 Therefore,· a sensitivity of the antenna with respect to 

electromagnetic radiation is determined by the opening area 

S. The antenna element 5 has a sufficient opening area 

because the height_h can be .determined freely by 

determining the height of the electrical insulator 2 having 

20 a rectangular parallelepiped. Moreover, the conductor 

pattern 1 is arranged in the direction of the diagonal of 

the rectangular of the top surface of the antenna element 5, 

so that the length of the conductor pattern 1 in the 

horizontal direction is made larger if the size of the 

25 electrical insulator is the same. Moreover, the thickness 
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of the printed circuit board 6 can be determined 

irrespective of the sensitivity of the antenna element 5. 

Stray capacitances of the antenna element 5 shown in 

Fig. 2, are generated between a wire loop including the 

5 conductor pattern 1 and other pattern on the multi-layer 

printed circuit board 6 through the air .and the electrical 

insulator 2. The electrical insulator 2 supporting the 

wire loop is made by molding a plastic, so that a 

dielectric constant of the electric insulator 2 can be 

10 determined freely to some extent. Therefore, the 

dielectric constant of the electric insulator 2 can be made 

smaller than that of the multi-layer printed circuit board 

6. Moreover, the air has a dielectric constant lower than 

the multi-layer printed circuit board 6. Therefore, a 

15 total stray capacitance of the antenna element 5 can be 

made small, so that a frequency characteristic of the 

antenna element 5 can be improved. 

A portion of the conductor pattern 1 on the top 

surface of the electrical insulator 2 is formed to have a 

20 shape of a cross section of a biconvex lens. More 

specifically, as shown in Fig. 3, the conductor pattern 1 · 

has two symmetrical partial circle shaped portions la. 

That is, a width of the conductor pattern 1 increases from 

the ends to the middle of the portion of the conductor 

25 pattern on the top surface of the electrical insulator 2. 
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This structure improves a directivity of the antenna 

element 5. Generally, a straight loop antenna having a 

constant width has a directivity graphically represented by 

a letter of "8". That is, the directivities in the 90 

5 degrees and 270 degrees from the maximum radiation 

direction are low. However, this structure of the 

conductor pattern having an width thereof increasing from 

the ends to the middle of the portion of the conductor 

pattern on the -top surface of the electrical insulator 2 

10 makes a current distribution directions dispersed, so that 

a sharp directivity which would be provided in the antenna 

element having a straight conductor pattern can be 

modulated. This structure improves a deviation in 

sensitivity due to various directions of magnetic 

15 components radiated from a target printed circuit board, 
. . 

·that is, various directions of printed circuit patterns. 

Figs. llA and llB are plan views of the antenna elements of 

the first embodiment. In Fig. llA, the conductor pattern 

lb is formed to have an oval lb' at the middle of ~he 

20 conductor pattern lb. In Fig. llB, the conductor pattern 

le is formed to have a circle le' at the middle of the 

conductor pattern le. 

In this embodiment, an area of the conductor pattern 

tends to be large because the middle portion is formed to 

25 have a larger width as mentioned above, so that this 
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structure tends to increase a stray capacitance between the 

conductor pattern 1 and the other patterns. However, as 

mentioned, the dielectric constant of the. electrical 

insulator 2 is made low, so that an increase in the stray 

S capacitance can be made small. 

A second embodiment will be described. 

Fig. 4 is a perspective view of an antenna element 

Sa of the second embodiment. The basic structure of an 

el·ectromagnetic radiation measuring apparatus of the second 

10 embodiment is substantially the same as that of the first 

embodiment. The· difference between this embodiment and the 

first embodiment is in the shape of the conduc'tor pattern 1. 

That is, the conductor pattern 15 having a constant width 

replaces the conductor pattern 1 of the first embodiment 

lS and a plurality of antenna elements· Sa are arranged on the 

multi-layer printed circuit board 6 as similar to the first 

embodiment. The antenna element Sa of the second 

embodiment provides a sharp directivity than the antenna 

element S of the first embodiment. 

20 A third embodiment will be described. 

Fig. 5 is a perspective view of an antenna element 

Sb used in the e~ectromagnetic radiation measuring 

apparatus of the third embodiment. The basic structure of 

an electromagnetic radiation measuring apparatus of the 

25· third embodiment is substantially the same as the first 
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embodiment. The difference between this embodiment and the 

first embodiment is in the conductor pattern. That is, the 

conductor pattern 16 having a constant width is wound 

around the electrical insulator by one and half turns in 

S replace of the conductor pattern 1 of the first embodiment 

which is not wound and a plurality of antenna elements Sb 

are arranged on the multi-layer printed circuit board 6 as 

similar to the first embodiment. More specifically, the 

conductor pattern 16 is spirally wound around the insulator 

10 2 by at least a turn such that an axis so of the conductor 

spirally wound is parallel to the ·printed circuit board 6. 

The antenna element Sb of the third embodiment 

provides a larger opening area S of the loop antenna 

structure of the antenna element Sb. More specifically, 

lS the opening area S is twice that of the opening areas of 

the antenna elements 5 and Sa of the first and second 

embodiments. Therefore, a sensitivity of the antenna 

element 5b can be made larger than those of the first and 

second embodiments. In other words, the size of the 

20 antenna elements Sb can be reduced if each antenna element 

Sb has the same sens! ti vi ty as the first or se.cond 

embodiment, the number of the antenna el-ements Sh arranged 

on the multi-layer printed circuit board 6 can be made 

large, so that a resolution of the detection of the 

25 detection signals can be provided with the same sensitivity. 
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A fourth embodiment will be described. 

Fig. 6 is a perspective view of an antenna element 

Sc of an electromagnetic radiation measuring apparatus of 

the fourth embodiment. The basic structure of the fourth 

S embodiment is substantially the same as that of the third 

embodiment. The difference between this embodiment and the 

third embodiment is in the conductor pattern. That is, the 

conductor pattern 16 having a constant width is wound 

around the electrical insulator by just one turn but a 

lO plurality of antenna elements Sc are arranged on the 

· multi-layer printed circuit board 6 as similar to the third 

embodiment, wherein printed circuit patterns on the 

multi-layer printed circuits are modified because the 

electrodes 18 and 19 providing electrical conduction 

15 between the conductor pattern 17 forming a loop antenna 

structure and printed circuit patterns on the multi-layer 

printed circuit board 6 are formed on the same side surface 

of the electric insulator 2. The antenna element Sc of the 

fourth embodiment provides a compact area for mounting the 

20 antenna element 5c with a sufficient opening area S of the 

loop antenna structure of the antenna element Sc. More 

specifically, the electrodes 18 and 19 are arran~ed on the 

same side surface of the insulator 2, so that print 
. . . . 

patterns connected to the electrodes 18 and 19 are 

25 concentrated on the side of the side surface on which the 
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electrodes 18 and 19 are formed, so that more antenna 

elements Sc can be mounted on the multi-layer printed 

circuit board 6 having the same surface area. Therefore, a 

resolution of the electromagnetic radiation measuring 

5 apparatus of this embodiment can be made larger than the 

third embodiment with the same sensitivity. 

A fifth embodiment will be described. 

Fig. 7 is a perspective view of an antenna element 

Sd of an electromagnetic radiation measuring apparatus of 

10 the fifth embodiment. The b·asic structure of an 

electromagnetic ~adiation measuring apparatus of the fifth 

embodiment is substantially the same as the second 

embodiment. The difference between this embodiment and the 

second embodiment is in that two conductor patterns are 

15 provided on the insulator 2. That is, the conductor 

patterns 20 and 21, each having a constant width, are 

wound around the electrical insulator·2 by about a half 

turn but a plurality of antenna elements Sd are arranged on 

the multi-layer printed circuit board 6 as similar to the 

20 second embodiment, wherein printed circuit patterns on the 

multi-layer printed circuits are modified because the 

electrodes 22 to 24 providing electrical conduction between 

the conductor patterns 20 and 21 forming loop antenna 

structures and printed circuit patterns on the multi-layer 

25 printed circuit board 6 are provided. In this embodiment, 
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the conductor pattern 17 is spirally wound around the 

insulator 2 by at least a turn such that an opening area of 

at least a conductor spirally wound is parallel to the 

printed circuit board 6. 

The antenna element Sd of the fifth embodiment can 

reduce the number of the antenna elements Se on the 

multi-layer printed circuit board if the resolution is the 

same as that of the second embodiment. In other words. if 

the size of the antenna elements Sd is the same as that of 

10 the second embodiment. the resolution in the direction of 

the opening area of the loop antenna structure of the 

antenna elements Sd made twice. 

In this embodiment, the number of the conductor 

patterns 20 and.21 is two. However, this number can be 

lS increased. 

20 

A sixth embodiment will be described. 

Fig. 8 is a perspective· view of an antenna element 

Se of an electromagnetic radiation measuring apparatus of 

the sixth embodiment. 

The antenna element Se of the sixth embodiment 

comprises an insulator 26 having a· U-shape having two end 

portions 26a and 26b. and a middle portion 26c. a conductor 

pattern 27 on a top surface of the middle portion 26c of 

the U-shaped insulator 26. conductors 28 and 29 in the end 

25 portions 26a and 26b of the U-shaped insulator 26. One end 
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of each of the conductors 28 and 29 is connected to each 

end of the conductor pattern 27. The other end of each of 

the conductors 28 and 29 extends from the end portions 26a 

and 26b of the U-shaped insulator 26. That is, the 

5 conductors 28 and 29 have extended portions 28a and 29a 

respectively. 

A plurality of the antenna elements Se are arranged 

on the multi-layer. printed circuit board hr inserting the 

extended portions 28a and 29a through through-holes 

10 provided in the multi-layer printed circuit board 6 and are 

soldered to contact with printed patterns (not shown) on 

the bottom surface of the multi-layer printed circuit board 

6. 

In the above mentioned embodiment, forming printed 

15 patterns on the multi-layer printed circuit board 6 does 

not requires not so high accuracy because it is sufficient 

to made the size of the insulator even to provide even 

sensitivity of the loop antenna structure of each antenna 

element. Moreover, if one or more antenna elements are 

20 defected, such antenna elements can be replaced~ 

In the embodiments of this invention, the shape of 

the insulator is a rectangular parallelepiped. However, 

the shape of the insulator can be modified with the loop 

antenna.structures of the above-mentioned embodiment. 

25 The conductor patterns of the above-mentioned 
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embodiments can be formed by mounting a copper plate or 

plating a conducting material on the surfaces of the 

insulator. The insulator 2 is made of a li~uid crystal 

polymer or the like having a heat resistivity and a low 

5 dielectric constant. 

As mentioned, the electromagnetic radiation 

measuring apparatus of this invention, comprises the 

plurality of antenna elements 5, Sa, Sb, or Sc arranged to 

have a matrix 40 responsive to electromagnetic waves 20, 

10 the printed circuit board 6 having a plurality of sets of 

first and second print patterns 7, and 8, and the switching 

circuit 30. · Each antenna element has the insulator 2 

·having the substantially· rectangular parallelepiped, at 

least a conductor pattern 1, having first and second ends 

15 la and lb, on at least a surface of the rectangular 

parallelepiped, and a connecting portion including the 

electrodes 3, 4, 18, 19, 22 to 25 for mechanically· and 

electrically connecting first and second ends to the first 

and second print patterns 7, 8 of each of the plurality of 

20 set of first and second print patterns. The switching 

circuit selectively outputs a detection signal generated by 

the conductor pattern 1 of each antenna element in respons~ 

to the electromagnetic waves. 

25 
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WHAT IS CLAIMED IS: 

1~ An electromagnetic radiation measuring apparatus. 

comprising: 

5 a plurality of antenna elements arranged to have a matrix 

responsive to electromagnetic waves; 

a printed circuit board having a plurality of sets of first 

and second print patterns; and 

switching means; 

10 each antenna element having: 

an insulator .having a substantially rectangular 

parallelepiped; 

at least a conductor pattern. having first and 

second ends. on at least a surface of said rectangular 

15 parallelepiped; and 

connecting means for mechanically and electrically 

connecting first and second ends to said first and second 

print patterns of each of said plurality of set of first 

and second print patterns, said switching means selectively 

20 outputting a detection signal generated by said at least a 

conductor pattern of said each antenna element in response 

to said electromagnetic waves. 

2. An electromagnetic radiation measuring apparatus. as 

25 claimed in claim 1, wherein said at least a conductor has a 

I f 111111 llflll 11111 1111111 1111 
* C L M S * 
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straight line portion having a constant width. 

3. An electromagnetic radiation measuring apparatus, as 

claimed in claim 1, wherein said at least a conductor has a 

5 partial· circle shaped portion. 

10 

4. An electromagnetic radiation measuring apparatus, as 

claimed in claim 1, wherein said at least a conductor has 

an oval shaped portion. 

.• 

5. An electromagnetic radiation measuring apparatus. as 

claimed in claim 1. wherein said at least a conductor 

pattern is spirally wound around said insulator by at least 

a turn such that an axis of said at least a conductor 

15 spirally wound is parallel to said printed circuit board. 

6. An electromagnetic radiation measuring apparatus. as 

claimed in claim 1, wherein said each of antenna element 

has a plurality of said conductor patterns. 

20 

7. An electromagnetic radiation measuring apparatus, as 

claimed in claim l, wherein said at least a conductor is 

arranged on a top surface of said insulator and said 

connecting means comprises first and second electrodes for 

25 providing connections between said at least a conductor and 

f llllllf llf llf lllfl lllll II llll 
* C l M ·S * 
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said first and second print patterns respe~tively. 

5 

10 

15 

20 

25 
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