TIETLE OF THE | NVENTI ON ELECTROMAGNETI C RADI ATI ON MEASURI NG

APPARATUS BACKGROUND OF THE [|:NVENTI ON 1. Field of

the Invention 5 This invention relates to an el ectromagnetic

r&di ati on nmeasuring apparatus for neasuring an el ect romagnetic

radiation froma target electric circuit appar at us. 2.

Description of the Prior Art 10 An_el ectromagnetic radiation
~measuring apparatus for measuring an el ectromagnetic radiation froma

target. el ectric circuit is known. Fig. 10 is a cross-sectional

vi ew of - each of antenna portionsggﬁgz¥gﬁggﬁi 8 Tldﬁexnronagnetic

radi ati on neasuring apparatus. T of the prior art

el ectromagneti ¢ radiatd i I _lfﬂfﬁ)r' lti-layer
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of the BACKGROUND OF THE INVENTION

1. Field of the Invention
5 . This invention relates to an electromagnetic

radiation measuring apparatus for measuring an -
electromagnetic radiation from a target electric circuit
apparatus. | o
2..Descripfion of the Prior Art

10 An electromagnetic radiation measuring apparatus for:
measuring an electromagnetic radiation from a target
electric circuit is'knowﬁ.- Fig. 10 is a cross-sectidnal |
view of each of antenna portions of a prior art

~ electromagnetic radiation measuring apparatus. The anfenng-

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-éircuit board 11, via holes 13 and 14
connected to form an open wire loop structure, and a

zd switching element 10 for selectively outputting a detection
signal dérived from a détected electromagnetic radiation
from the via hole 14; In Fig. 10, references L' and h’
represents horizohtal and vertical lengths of the open wire
loop structure respectively and reference hb denotes a

o5 thickness of the multi-layer printed-circuit board 11.



m# ti-layer printed-circuit board 11, via holes 13 and 14 connected to
forman open wire |loop structure, and a 20 switching elenent 10 for

sel ectively outputting a detection si.gnal derived froma detected
el*ect romagneti c radi ati on fromthe via hole 14. In Fig. 10, references
L' and h' represents horizontal and vertical |engths of the open wire

. loop structure respectively and reference hb_denotes a 25 thickness of the
mul ti-layer printed-circuit board 11. TeT

-2- An el ectromagnetically induced voltage is proporti onal
to an opening area of the ogen wire | uct yr hat i,s, S = (L' X

h'). Thgreffre, eﬁch ofini il Ctroﬁﬁggﬁﬁgg36}?iih§uﬁ§ gb%%ﬁ§FtF§ity
t N . , . . .
Bnd the T supronpraLeRRLuEP ol BT pRcHaBRoRty b, bRRn WerE 8R! 017

successi vely sel ect ne ntenng.partkonsg. 4+
SUMMARY OF THE ﬁﬁggﬁngﬁ, Qﬁa@ HS: 8 RL 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 pattefns;
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



The. aim of the present invention is to provide an 10 inproved

el ectromagneti c neasuring apparatus. . According to the present
i nvention there is provided an el ectromagnetic radi ati on nmeasuring
appar at us, conprising: a plurality of antenna el enents matri x-arranged
responsive to el ectromagnetic waves; a printed circuit 15 board having

. plural sets of first and second print patterns; and a switching
circuit; each antenna el enent having: an ~¥" insulator having a
substantially rectangul ar parall el epi ped,; at least a conductor pattern

connect | ng. por HHELabha P e RAR ATy WAL e A3 AP oy Ent g Red
he sui tchi ng AOIAGT < X JIASE gt pLia] rap Ll T~ o Fnfgih st
Po the. ol ect r oftRtt Eitimyete oo JELELEIE, be SPLEIED, WhkgPITRe
may have a Stréﬂﬁgﬁn&'{ﬁ% 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

cdnnecting 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 tﬁe 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



-3t portion having a constant wdth 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 |east a conductor spirally wound is
~parallel to the printed circuit board. Each of antenna el ement nmay have
a plurality of conductor patterns. Moreoyer, the conductor S
arranged on a top surface of the insulator ahd the connecting portions
conprises first and second el ectrodes 10 for providing connections between

t he conductor and_jhe | rst_and second I nt _patgfer respectijvel y
BRI EF DESCRI PTI BN 1S +f D\EQAW fing “¢femeRt %%‘Q%b#’éc?fﬁhdffgﬁ?‘d?ﬁs)é%}f"
the present inv ' | re readily apparent fromthe
following 15 d%%%#?ﬁdoﬁeg%%i%?ggﬁﬁggkgﬁ’in'conjunction with the

acconpanyi ng dr awl ngs *Pg“hﬁcfé a plan view &fY%nlel&crOfhghEEiLVe Vi ew of
a portion of an el ectromagnetic radiation measuring apparat us :

\iAEcI uding a ra@ié‘f%ﬁtﬁe9§uﬁﬂ§§r&?pﬁé‘ﬁ@§t6fthigeiﬁiréﬁtiéﬂboﬁhﬁain an0
erein one of antenna el enents is shown
5 arrangement of the antenna elements;

-Fig. 4 is a perspective view of an antenna element
5a 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 1is a perspective view of an antenna element
of an elecfromagnetic 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 sgixth embodiment;

Fig. 9 is a circuit diagram of an electromagnetic
radiation measuring apparatus of this invention;
Fig. 10 i§ a cross-sectional view of each of antenna

portions of a prior art electromagnetic radiation measuring

25 gapparatus; and



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

el ectromagnetic radiation measuring apparatus of the first enbodi nent,

wherei n the antenna el enent is sectioned on a line which is derived by

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

center of the rectangul ar; Fig._3 is a plan view of an
el ectromagnetic radi ati on measuring apparatus of this invention,
wherei n an 5 arrangenment of the antenna el enents; Fig. 4is a

perspective view of an antenna t e ggﬁgnetlc
radi ati on measuring g%’pﬂaﬂr‘atw% %re%c}%ga r?ﬁfoiﬂﬁre‘%f “eif .
S is a perspective view 10 used in the
el ect romagnet i GTSRELLS ‘?11; rﬁa%ﬂﬁ Y appara iRnt:

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
electromagnefic radlation 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 1line which is derived by slightly twisting a diagonal of
the rectangular of the top surface 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 swifching elements 10. Each of antenna
elements 5 has a rectangular parallelepined electrical

25 1insulator 2 mounted on the multi-layer printed circuit



of. .a third enbodi nent; Fig. 6 is a perspective view of an
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ant enna el enent - of an el ectromagnetic radiati on neasuri ng appar atus of
a . fourth enbodi nent; 15. Fig. 7 is a perspective view of an
ant enna el enent of an el ectromagnetic radiati on neasuring apparatus of
t he fifth enbodi nent; and : Fig. 8 is a perspective view of
~an antenna el enent of an el ectromagnetic radiati on neasuring apparat us
of the 20 sixth enbodi ment; Fig°™O is a circuit diagramof an
el ectromagnetic radi ati on nmeasuring apparatus of this invention
Fig. 10°is a cross-sectional view of each of enn ort i ons, of a
prior art el ecterﬂf'E{brﬁe-t i T ARSI rﬁe]a%'ﬂﬁl?%ggg!}asaﬁ)a?%ﬁ tanpa t8n®1

el ements of t hé’q lq, :'t{oélrﬁéﬁ%%%a%grsei&el surfaces ta?e a@i&%cal

insulator 2, electrodes 3 and 4 perpendicularly bent to
partially cover the conductor pattern 1 on the side
surfaces and a bottom surface of the electrical insulator 2.
The multi-layer printed circﬁit 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
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'elementllo. The switching circuit 30
selectively supplies each of outputs of the conductor
pafterns 1. The electrodes 3 and 4 are electrically
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
switching element 10 via the electrode 3 and the print
pattern 7, the via hole 9, and the print pattern 11'.

The switching'ciréuit 30 comprises the switching
elements 10 arraﬁged to have a matrix structure
corresponding to the antenna matrix (Xm, Yn) of the antenna

elements 5, a control circuit 31 for controlling the



The. sane or correspondi ng el enents or parts are designated wth |ike

ref erences throughout the drawings. 5 DETAI LED DESCRI PTI ON OF
THE | NVENTI ON Her ei nbel ow wi Il be described a first enbodi nent
~of” this invention. Fig. 1 is a perspective view of a
“portion of an el ectromagnetic radi ati on neasuring apparatus including
a 10 plurality of antenna elenents of the fjrst embodi nent, wher ei n
one of antenna elenents is shown. Fig. 2 is @ cross-sectional view of
t he antenna el enent of the electronagnetlc radi ati on measuring
apparatus of the firs enbodi pent eln t he antenna el ene
sggtloned on a W%???iﬁgvﬁﬁ?WP?gsdgﬁi %??ﬁh?i%m?%&§t§h5° °H£855n5Peof

t he rectangul ar { ﬁ?rgo&%ygigc&éﬁ [t%g?cw f\pgam%%gggraﬁ?m?n%ﬁaéound t he

center of the r

el ect romagnet i ¢y g éﬁ#éﬂé&ﬁhggggpglgg for @gggétug e 5@ @hé”&@?%% nThe

electronagnetlc radi ation neasuring ap conprises a nu
printed-circui tgignal OFFSn fonéNabé il fe IEHEAY $ r@él@éf@d%?' thel ééﬁt?él

ant enna elenents 5, and a switching circuit 30 i'ncluding a
plurality ofs swigdkairg ® gn@md Sard Goutpett Dig a0t €6WBt 34 for outputting the
detection signal from the selected antenna element 5. In
~ other words, 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 #iew’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 1ayer printed
board 6 to provide the matrix structnre of the antenna
elements 5. Each of the switching elements 10 successively
supplies the detection signals to an extetnal measuring
equipment. Therefore, 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
target printed citcuit board which pattern generates a
strong electromagnetic radiation.

25 In Fig. 3, one vertical line of the antenna matrix



el-enments 5 has a rectangul ar parallel epiped electrical 25 insulator 2

nmounted on the nulti-layer printed circuit board 6. The
antenna el ement 5 has a conductor pattern 1 on a top surface and side
surfaces of the electrical insul ator 2, electrodes 3 and 4
| perpendicularly bent to partially cover the conductor pattern 1 on the
I side 5 surfaces and a bottom surface of the electrical insulator 2.
The nmulti-layer printed circuit board 6 ha§85rint patterns 7 and 8 on a
top surface of the multi-layer printed circuit board 6 to provide
el ectroni c contacts between the el ectrodes 3 and 4 and the caonduct or
pattern 11, a wuf If] conspativg fgtp ey & r?é‘rrﬂﬂ&q It&g}a‘fﬁi%t PRircuit

board 6 f I t he t 7
ot he swi t chi - REGHER PREPeRIL SHAE HhRs e wigoetton gE € fter
suppl i es each Of tqoa;l Slicge tohf‘a the' dcuo%ts ctive A s be Tﬁ?t&kr?&t rodes 3

and 4 are el ect§
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elements to reduce an electromagnetic coupling or
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 eiement 5, reference h denotes a
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 1s proportiocnal to an
opening area of the wire 1bop, that is, S = L X h.
Therefore, a sensitivity of the antenna with respect to
elecfromagnetic radiation is determined by the openiné afea.
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
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

electrical insulator is the same. Moreover, the thickness



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

correspondi ng met hod. The antenna | oop Structure I ncl udi ng the
conductor pattern 1 receives el ectromagnetic waves 20 and generates a
detection signal. The detection signal fromthe conductor pattern 1 is
supplied to the 20 switching elenent 10 via the electrode 3 and the print .
pattern 7, the via hole 9, and the print pattern 11. The
switching circuit 30 conprises the swtching’ ™ el enents 10 arranged to
have a-matri x structure corresponding to the antenna matrix (Xm Yn)

of the antenna 25 copt rol uit 3 controlling the

i ot R nifie) BRintedialftlhtenta & thenbe BotEBAIRR (e

det et on. 9" LUBILEERCRE Y “BAESHRLELEVERESoRe anganR Biimenrs
antenna el ement 5 Se'egEFbeXaﬁggifgﬂééglof 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-layef'
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 mﬁlti-layer printéd éircuit board 6. Therefore, a
15 total stréy 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 conductqr patterﬁ 1 on the toﬁ-
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 1la.
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.



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

detection signal fromthe selected antenna elenent 5. In ot her words,
each of the antenna el enents 5 having the matrix structure (Xm Yn) is
scanned by-the control circuit 31 to successively output each
detection signal fromeach 10 of antenna el enents 5. Fig. 3
is a plan view of the el ectromagnetic 8diation nmeasuri ng apparatus of
t hi s enbodi ment, wherein an arrangenen? of the antenna el enents, i.e.

t he ant enna matrix is shown. A plurality of the antenna elenents 5 are

15 arranged on the top surface, of the nuﬁ%%-lagf rlnﬁ gh board 6 to

provide the mat TS sE TR tike ol MR FRVEeSHt & nhhr e V%E%H% 8. a?%%ﬂn%f t he

o exterval modaienene BTG, mtERteRt Lde SafethaghereRe s 1
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direction aré 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. 11A and 11B are plan views of the anfenna eleﬁents of
the first embodiment. 1In Fig. 11A, the donductor pattern
1b is formed to have an oval 1b' at the middle of the |

20 conductor pattern 1b. In Fig. 11B, the conductor pattern
lc is formed to have a circle 1lc' at the middle of the
conductor pattern lc.
| 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



-8 out of consective-two lines is arranged to have a | oop

direction perpendicular to the |loop direction of the other verti cal
line of the consective two |ines of antenna el enments to reduce an
el‘ectromagnetic coupling or 5 interference between nei ghbour antenna

el enents 5. However, this arrangenent pattern or |oop directions of
“the antenna el enents 5 can be nodified In Figs. 1 and 2,
reference L denotes a horizontal Iengfﬁ16f t he antenna el enent 5,
reference h denotes a 10 height of the antenna el enent 5, and ha

LoPresets & avetfHSNACREREE HISUH EhoboN hubhy "LEPhELEeHhS ROBHHR ne
I b " SebBfel S PhRRELIAC Und OcRE oyner BEPHOPSS SPBkRHIE Y, |
respect to m&h EESAOTRODRE | §1EPOEAFL ONcbis UEAET 8t "Ele PY1L8Er PRERI NY area
insulator 2 is made low, so that an increase in the stray
5 capacitance can be-made small.

A second embodiment will be describéd,

Fig. 4 1s a perspective view of an antenna element
5a of the second embodiment. The basic structure of an
electromagnetic radiation méasuring 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 conductor pattern 1.
That is, the conductor pattern 15 having a constaﬁt width
replaces the conductor pattern 1 of the first embodiment

15 and a plurality of antenna elements 5a are arrénged on the
multi-layer printed circuit board 6 as similér to the.first
embodiment. The antenna eiementISa of the second .
embodiment provides a sharp directivity than the antenna
element 5 of the first embodiment.

20 A third embodiment will be described.

Fig. 5 is a perspective view of an antenna element
5b used in the electromagnetic radiation measuring
éppargtus of the'third embodiment. The basic structure of

an electromagnetic radiation measuring apparatus of the

25 third embodiment is éubstantially the same as the first



S-.The antenna elenent 5 has a sufficient opening area because the

hei ght h can be determ ned freely by determ ning the height of the

el ectrical insulator 2 having 20 a rectangul ar parall el epi ped. Moreover,

t he conduct or pattern 1 is arranged in the direction of the diagonal

- of the rectangular of the top surface of the antenna el enent’ 5,

' so that the length of the conductor patternlé in the hori zont a
direction is made larger if the size of the"™ 25 electrical insulator is the

sanme. Moreover, the thickness of the printed circuit board

6 can be detern1ne r ve of the . .sensit f

E! emegt 5, . embo Oclh(;nen§t ﬁlé’i‘z&g\:f'fteé'r?&cs EJf ﬁ%eer%rﬁh\e&hst yengioe&r%erhﬁ ri"‘tg ﬁﬂgathe
ig. 2, are gengrated he r coflpet

pattern 1 and %fiﬁ' é@tern glr}-'a \M 13 It(t}l dé}fﬂ&bddd}g pro“;r)t'lecnetred circul tﬁbo;d 6

through the air, qﬂﬂ} i tﬁja@géfrpqe havirig“%“égr&rta%t el ecd vewd

I nsul ator 2 supp
around the electrical insulator by one and half turns in

5§ replace of the conductor pattern 1 of the first embodiment
which is not wound and a plurality of antenna elements 5b
are arranged on the multi-iayer 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 50 of the conductor |
spirally wound is parallel to the printed circuit board 6.

The antenna element 5b of the third embodiment
provides a larger opening area S of the looﬁ antenna
sfructure of the antenna element Sb. More specifically,

15 the opening area S is twice that of the opening areas of
the antenna elements 5 and 5a 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 5b can be reduced if each antenna element
5b has the same'sensitivity as the first or second
hembodiment, fhe'number of the antenna elements 5b arranged
on the multi-layef printed circuit board 6 can be made
large, so that a resolution of the detection of the

25 detection sighals can be provided with the same sensitiVity.



w-r.e | oop is made by nolding a plastic, so that a. di el ectric constant
of the electric insulator 2 can be 10 determined freely to sone extent.
Therefore, the dielectric constant of the electric insulator 2 can be
made smal ler than that of the nulti-layer printed circuit board

6. Moreover, the air has a dielectric constant |ower than t he

mul ti-layer printed circuit board 6. Thereffge, a 15 total stray

_capaci tance of the antenna elenent 5 can be made small, so that a
frequency characteristic of the . antenna elenment 5 can be inproved.

A portion of the conductor ttern on .t he t.o I e of the

el Ect rical insulator # ié"*‘%&hﬂb@m évenzlo%s A% cz&#igaead:c'r oss section of
a biconvex lens. Mre ecific i e Ej.Q. %gmgﬁior
pattern 1 has tvv(f’js%/'mwila'rsl caalpegjaé télcéaisvcelsr cvggv S apderg %Igbretéli:)%s& a.

e i & o e O SR et L L ORI O appatdangret 1o
of the el ectricgle iflét Ymbodiment. The basic structure of the fourth
5 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
10 plurality qf antenha elements 5¢ are arranged on the -
'multi-layer printed circuit board 6 as similar to the third
embodiment, wherein printed circuit patterns on the
multi-layer printgd circuits aré modified becaﬁse the
electrodes 18 and 19 brovidiné electrical conduction
15 between the conﬁuctor pattern 17 forming a loop antenna
structure and printed circuit patterns on the multi-layer
prinfed circuit board 8 are formed on the same side surface
‘of the eleétric insulator 2.l The antenné element 5c¢ of the
fourth embodiment providés a compact area for mounting the
20 antenna element 5c with a sufficiént‘opening area S of the
loop antenna structure of the antenna element Sc. More
specifically, the electrodes 18 and 19 are arranged on the
same side surfacé of the insulator 2, so that print |

patterns connected to fhe electrodes 18 and 19 are

. 25 concentrated on the side of the side surface on which the



- 10- This structure inproves a directivity of the antenna

el ement 5. Generally, a straight |oop 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 fromthe

maxi mum r adi ati on direction are |l ow. However, this structure of the
conductor pattern having an wi dth thereof iqgﬂpasing from the ends to

the m ddle of the portion of the conductor pattern on the top surface
of the electrical insulator 10 makes a current distribution directions

2
di 2d, h di | Vi i ch ld b I.ded i h
G sper sed. 0 Uhgh cerach SHLRAUECCtE Kbmdtl hovBHLg BE,tr Bl » e
modul at ed. Thi .SeiEan#irtHrgc' gﬂﬁoﬁgsmguﬂ%)éhagbo@hbnmug.té—?.g.g%lrt pFibtegue to
various directions of magnetrc 15 conponents radiated from a“target

printed CirCUitE?P@ﬁgt boar t?agakingvﬁﬁgogﬁmgiEﬁ???g@saQEaQriﬁ%%Qe?BE%qi%

patterns. Figs. 11A an 1B are plan views 0 e antenna el enents o
the first enbodigeslutibnFbg. théAclbberonngretot patiigtion mealsriingf or ned

to have an oval 1b' at the mddle of the '
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

5d of an electromagnetic radiation measuring apparatﬁs of

10 the fifth embodiment. The basic structure of én |
electromagnetic radiation 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 5d 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
electrode§ 22 to 24 providing electrical conduction between
the conductor pafterns 20 and 21 forming loop antenna

stfuctures and printed circuit patterns on the multi-layer

25 printed circuit board 6 are provided. In this embodiment,



20" conductor pattern Ib. In Fig. 11B, the conductor pattern lc is

formed to have a circle 1c' at the mddle of the conductor pattern 1c.
In this enbodi nent, an area of the conductor pattern tends to be | arge
because the nmiddle portion is formed to 25 have a larger width as
~mentioned above, so that this structure tends to increase
‘a stray capacitance between the ' conducﬁ r pattern 1 and the ot her
patterns. However, as menti oned, the a'grectric constant of the

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

5 capacitance c cond enbodi nen |1 be

desc][l bﬁd e "6 r%tr_c;‘bor @?Et%rrbe}gp’e%ﬁ‘?/é'ﬂje‘?v%?u% AheeRfat2f enent
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at least a conductor spirally wound 1s parallel to the
printed circuit board 6.

5 The antenna element 5d of the fifth embodiment can
reduce the number of the antenna elements Se on the
multi-layer printed circuit board if the resqlutién is the
same as that pf the second embodiment. 1In other words, 1f_
the size of the antenna elements 5d is the same as that of

iQ the second embodiment, the resolution in the direction of
the opening area of the loop antenna structure of the
antenna elements 5d made.twice. )

In this embodiment, the number of the conductor
patterns 20 and. 21 is two. 'However. this number can be

15 increased.

A sixth embodiment will be described. '
Fig. 8 is a perspective view of an antenna element
| S5e of an electromagnetic radiation measuring apparatus of
the sixth embodiment.

20 .~ The antenna element 5e of the sixth embodiment
comprises an insulator 26 having a U-shape haviﬁg two end
portions 26a and 26b, and a middle portion 26c, a conductor
'pattern 27 on a fop surface of the middle portion 26c¢ of
the U-shaped insulator 26, conductors 28 and 298 in the end

25 portions 28a and 26b of the U-shaped insulator 26. One end



10+ enbodinment is substantially the same as that of the first

enbodi nent. The difference between this enbodi nent and the first
enbodi ment is in the shape of the conductor pattern 1. That is, the

- conductor pattern 15 having a constant w dth repl aces the conductor
pattern 1 of the first enbodinent 15 and a plurality of antenna el enents
5a are arranged on the multi-layer printed circuit board 6 as simlar
to the first enbodi ment. The antenna €lefent Sa of the second
enbodi ment provides a sharp directivity t han the antenna el enent 5 of

the first enbodi nent nbodi.ngnt . W || be cri bed
Fig. 5is a per%ﬁeﬁ??9e°§|ERF0F°BH“SHPEﬁn§8ePBHg§? is cogpeg 83 tR emsh

oot rormanet CohR% 2! LA EBRUEERE, pyrealBrRTt ind! pbher. BohpfRAMTRY
?PP?[atUS of th@hezéohﬁhégoﬁgbﬁg'Hﬁﬁtzbse§%gﬁh§”§§$h'¥h£h8nﬁaﬂﬁr%§ohgezsa
and 26b of the U-shaped insulator 26. That is, the
5 conductors 28 and 29 have extended portibhs 28a and 29a
respectively.

A plurality of the antenna elements 5e are arranged
on the multi-layer printed circuit board by inserting the
extended portioné.28a and.29a through through-holes

10 provided in the multi-layer printed circuit board 6 and are
soldered to contacf with.printed patterns (not shown) on
the bottom surface of the multi-layer printed circuit board
6.

In the above mentioned ehbodiment. forming printed

15 patterns on.the multi-layer printed circuit board 6.doés.
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 structufe of each antenna
element. Moreover, if one of more antenna elements ére

20 defected, such antenna elements can be replaced.

In the embodiments of this invention, the shape of
the insulator is a rectangular paralleiepiped. 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



enbodi nent. The difference between this enbodi nent and the first

enbodi nent 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 5 replace of the conductor pattern 1 of the first

enbodi nent

which is not wound and a plurality of antenna el enents 5b

are arranged on the nulti-layer printed cir th board 6 as simlar to

the first enbodi nent. Mre specifically, th

- conductor pattern 16 is

spirally wound around the insulator 10 2 by at |least a turn such that an

i reuit board gabedinents canhe Foimed WY e CBIE 2 “omPeki PFREERDOR: mon

provides a | ar

antenna el enen?p%gaoeﬂfﬁn)iragg%%ré%ﬁ?‘ffgg%I'@/%‘]tee’l'lgaojtoh(grpt) n%n?%%r%?’%%rsgﬂs%% gfe Eﬂgt
o ihe openi g A& lr. | Tnd "hSH SR £ ASMEe AN PRaglalbpyLbaet and

second enbodi
el enent 5b can

enbodi nent s.

Therefore,” a sensi enna
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In other words, the size of the. 20 antenna el enents 5b can be

reduced i f ehchidtedwi®l eometant. 5Sb has the same sensitivity as the
first or second enbodi nent, the nunmber of the antenna el enents 5b

arranged

10

15

20

25

As mentioned, the electromagnetic radiation
measuring apbaratus of this invention, comprises the
plurality of antenna elements 5, 5a, 5b, or 5c arrénged to
have a matrix 40 respénsivq to electromagnetic waves 20,
the printed cifcuit 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 inéulator 2

" having the substantially rectangular parallelepiped, at

least a conductor pattern 1, having first and second ends
la and 1b, on at least a surféce of the rectangular
parallelepiped, and a connecting portion including the
electrodes 3, 4, 18, 18, 22 to 25 for mechanically and
electrically connecting first and second énds to the first
and second print patterns 7, 8 of each of the'plurality of
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 response

to the electromagnetic waves.



omrthe multi-layer printed circuit board 6 can be nade | arge, so that
a resolution of the detection of the 25 detection signals can be provided

W th the same sensitivity. . - 13-

A fourth enbodi nent will be descri bed. Fig. 6 is a perspective
vi ew of an antenna el enent 5c of an el ectromagnetic radi ati on neasuring
~appar at us of the fourth enbodi nent. The Hasic structure of the fourth

5 enbodinent is substantially the sane astAat of the third

enbodi nent. The difference between.this enbodi nent and the third
enbodi nent is in the conductor pattern. That is, the conductor pattern
16 having a cor&taht I Sy CeANED nd around the electrical insulator by
Just one turn but a 10 plurality of antenna el ements 5c are arranged on
the nmul ti-layer printed circuit board 6 as simlar to the third

embodi ment , “h?f?'rh&”éf%é%%éﬂééﬁaéié”?é&%é%&&ﬁ‘iéﬁ%uring 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
éﬁitching 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 mechaﬁically and electricéliy
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

A R



mdti-layer printed circuits are nodified because the el ectrodes 18
and 19 providing electrical conduction 15 between the conductor pattern-

17 form ng a | oop antenna structure and printed circuit patterns on
the nulti-|ayer printed circuit board 6 are formed on the sane side
. surface of the electric insulator 2. The antenna el enment 5c of the
fourth enbodi nent provides a conpact area fqQr. nounting the 20 antenna
element 5¢c with a sufficient opening area S t he | oop ant enna
structure of the antenna el enment 5c. More specifically, the el ectrodes

18 and 19 are arranged. on,the S i de surface of i nsul ator 2, so
that print SB&??EEHSQEBﬁnBBFEH°P§H§KinE|8CFPBE§§H%8W§H§h19 are 25
concentrated on the side of the side surface on which the

-14- el ectrodes 18 and 19 are forned, so that nore antenna

el ements Sc_cangbe gpugygdy Bl RERYE! kahUeioR" hBhSHring abbhtHihshOsd ©

havi ng t he sane Surface areéa.
claimed in claim 1, wherein said at least a conductor has a

5 partial circle shaped portion.

4. An electromagnetic radiation measuring apparatus, as
claimed in claim 1, wherein said_at least a conductor has
an oval.shaped portion.

10
5. An electromagnetic radiation measuring apparatus, as
claimed in claim 1, wherein said #t 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 i, wherein said each of'aptenna element
has a plurality of said conductor patterns.

20
7. An electromagnetic radiation measﬁring apparatus, as
claimed in claim 1, wherein said at least a conductor is
érranged on a top surface of said insulator and said
connecting means comprises first and second electrodeslfor

25 providing connections between said at least a conductor and

T
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resol ution of the el ectromagnetic radiati on neasuring 5 apparatus of this

enbodi nent can be nmade | arger than the third enbodi ment with the sane
sensitivity. A fifth enbodiment will be descri bed.

Fig. 7 is a perspective view of an antenna el enent 5d of an _

el ectromagnetic radi ati on neasuring apparatus of 10 the fifth enbodi nent.
The basic structure of an el ectromagneti ¢, radi ati on neasuri ng '
apparatus of the fifth enbodi nent is suﬁg%éﬁﬂj ally the sane as the

second enbodingnt. The difference between this enbodi nent and the
second enbodi nentS#sdi fiirbat ahwogeQPHHC atterns are 15 provided on the
i hsulator 2. That is, the conductor i £9£ﬂ?tB?HEEQQSandsﬁéctﬂﬁém%haVing a

constant width, are wound around the electrical insulator 2 by about a
hal f turn but a plurality of antenna el enents 5d are arranged on

the multi-layer printed circuit board 6 as simlar to the 20 second

enbodi nent, wherein printed circuit patterns on the mul ti-|ayer
printed circuits are nodified because the el ectrodes 22 to 24
providing elegtrical conduction between t he conductor patterns 20 and
21 form ng | oop antenna .structures and printed circuit patterns on the

mul ti-Iayer

10
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25 . printed circuit board 6 are provided. In this enbodinent,

the conductor pattern 17 is spirally wound around the i nsul ator 2 by
at least a turn such that anJQpening area of at | east a conductor
spirally wound is parallel to'the printed ciccuit board 6. 5

The antenna el enent 5d of the fifth enbodi nent can reduce the nunber
of. the antenna el enents 5e on the nygti-layer printed circuit board if
the resolution is the same as that of the second enbodi ment. In other
words, if the size of the antenna elenents 5d is the sane as that of
10 the second enbddi nents the resolution in the direction of t he
opening area of the |oop antenna structure of; t he antenna el enents 5d
made tw ce. : In this enb : /he nunber of the conduct or

patterns 20 and 21 is tw. Howeve thls nunber can be 15 increased.

.
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A.sixth enbodiment will be descri bed. Fig. 8 is a perspective
vi ew of an antenna el enent 5e of an el ectromagnetic radiation
measuri ng apparatus of t he sixth enbodi ment. 20 The ant enna
efement 5e of the sixth enbodi nent conprises an insulator 26 having a
+ U-shape having two end portions 26a and 26b, and a m ddle portion 26c,
| a conduct or pattern 27 on a top su ce of the mddle 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 of each of

t he 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
fromthe 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.

o Fle. 2




A plurality of the antenna el enents 5e are arranged on the multi-|ayer
printed circuit board by inserting the. ext ended portions 28a and 29a

t hrough t hrough-holes 10 provided in the nulti-layer printed circuit
‘board 6 and are sol dered to contact with printed patterns (not shown)
;on the bottom surface of the nulti-layer prinfed circuit board 6.
‘I'n the above nentioned enbodi nent, forn1§¢gpwinted 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 sensitiyt;z f FBS | oop antenna structure of each
ant enna el enment. Moreover, i or re antenna elenents are 20

def ected, such antenna el ements can be repl aced. In the

enbodi ments of this invention, the shape of the insulator,is a
rectangul ar parall el epi ped. However, the shape of the i #Pat or can be
nodi fied with the | oop antenna structurgs of the gbovejfrenti oned
enbodi ment. 25 ) The conductor patter/ns of thefabove-mentioned
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- 197 - enbodi nrents can be fornmed by nmounting a copper plate or
prating a conducting material on the surfaces of. the i nsul ator. The
insulator 2 is made of a liquid crystal polymer or the like having a

"heat resistivity and a low 5 dielectric constant: As

mentioned, the electromagnetic radiation measuring apparatus of this

i nvention, conprises the plurality4g8 antenna el enents 5, 5a, 5b, or

5¢c arranged to have a matri x -40 responsive to el ectromagneti c waves
20, 10 the printed circuit boarﬁ:ﬁ ving~a plurality of sets of

first and second print patterns 7, a‘ 8, anhd the sw tching circuit
30. Each antenna el enent has the insulator 2 havi ng the substantially
rectangul ar parall el epi ped, at t east a conductor pattern 1, having
first and second ends 15 la and Ib, on at least a surface of the

rect angul ar paral | el epi.ped, and a cggpecid ng portion including the

el ectrodes 3, 4, 18, 19, 22 to 25 for hanifcal | y and " electrically

connecting first and second ends to th¢g firs
/ !
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amd second print patterns 7, 8 of each of the plurality of 20 set of

frrst and second print patterns. The switching . circuit selectively
out puts a detection signal generated by t he conductor pattern 1 of
each antenna el ement in response to the el ectromagnetic waves. 25
- 18- VWHAT 1S CLAIMED | S: 1. An electromagnetic radiation
‘measuring appar at us, conpri si ng: syga plurality of antenna elenents
arranged to have a matrix. responsive to el ectromagneti c waves, a
printed circuit board having a plural i_ty;_-efl Gats d7 first ‘and second
print patterns; and swi t chi ng neanst .
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10% each antenna el ement havi ng: an insulator having a

substantial ly rectangul ar par al | el epi ped; at |least a
cogpductor pattern, having first and second ends, on at |east a surface
of said rectangular 15 parall el epi ped; and connecti ng neans
for nmechanically and electrically connecting first and second ends to
said first and second print patterng/gof each of said plurality of set
of first and second print patterns, said switching nmeans selectively
20 outputting a detection signal generated by, said at |east a

conductor pattern of said each antenn (ﬁ@hﬁﬂf}in response to said

el ectromagneti c waves. - . .2..An_el ectromagnetic radiati on neasuring

apparatus, as 25 claimed in claim1, wherein saigat |east a conductor has
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straight line portion having a constant w dth. 3. An el ectromagnetic
r&di ati on neasuring apparatus, as clainmed in claiml, wherein said at
| east a conductor has a 5 partial circle shaped portion. 4. An
el ectromagnetic radi ati on nmeasuri ng apparatus, as clainmed in claim1l,
wherein said at |east a conductor has an oval' shaped portion. 10
5. An el ectromagnetic radiation neasurimggapparatus, as clainmed in
claim1, wherein said at | east a conductor pattern is spirally wound
around said insulator by at |east a turn such that an axis of said at
| east a conductor 15 spirally wound is par ;(FT/;Gt.o ﬁﬁ d printed circuit
boar d. 6. An electromagnetic radi ation neasuring apparatus, as
clained in claim1, wherein said each of antenna el ement has a
plurality of said conductor patterns. 20 7. An el ectromagnetic
radi ati on neasuring apparatus, as )

i) L:

Y




cdained in claim1, wherein said at |east a conductor is arranged on a

tsop surface of said insulator and said connecting neans conpri ses
fi.rst and second el ectrodes for 25 providing connections between said at
~ l'tast a conductor and _ - 20-
said first and second print patterns respectively. 5
- 10 8/8
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ABSTRACT OF THE DISCLOSURE

TITLE OF INVENTION: ELECTROMAGNETIC RADIATION
MEASURING APPARATUS

An electromagnetic rediaticn measuring apparatus,
comprises: a plurality of antenna elements matrix—arranéed
responéive to electromagnetic waves; a printed circuit
board having pluralnsets 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

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 electromagﬁetic waves. In this
apparatus, the conductor patfern may have a straight line
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. 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.portioné comprises first and
second electrodes for providing connections between the
conductor and the first and seeond print patterns

respectively.

Figure 1



