;e3e ] $F b6TCN: TI TLE OF | NVENTI ON LOOP ANTENNA, LOOP ANTENNA SYSTEM AND

W RELESS COMMUNI CATI ON SYSTEM 5 FI ELD OF THE | NVENTI ON Thi s i nvention
relates to a wirel ess conmuni cation system for exanple, suitable for use
in wireless conmmunications with a small-sized comunication devummwmw M

a tag device at a relatively short distance by way of an 10 ind M'mmmm
el ectromagnetic field. This invention also relates to a | oop antennggaystem
as a conponent of such a wirel ess conmunication system This invention

further relates to a | oop anten 04 f such a wirel ess
conmmuni cation system 15 BACK ‘gﬁ%;QQLﬂﬁﬁggg%%$CN In the inventory
control of products sugoo®s ANTENNA,VIIHOFS ANTENDA (SYSTEMIAND scs), it is
expected to identify, by using an RFID (radi o frequency identification)
system 20 the presence of WIRFAESSH SQYBBNISATION rOETHMN whi ch are pl aced
on the product shelves. In the RFID system an ICtag card is attached to,
for exanple, a package which waps a video product or CD product and a | oop
antenna igs installed on a produp¢krsherf oA WMiveRrzdnt he product is placed.
Typical ly, the shape of the product—shetTToop antenna is substantially
rectangul ar as showhiisn Fvpnteich Adkatést g aamdried esfsorcammurplas tiam

integrated circuit -- ) ) )
system, for example, suitable for use in wireless

communications with a small-sized communication device such
as a tag device at a relatively short distance by way of an
10 inductive electromagnetic field.
This invention also relates to a loop antenna system
as a component of such a wireless communication system.
This invention further relates to a loop antenna as
a component of such a wireless communication system.
15

BACKGROUND OF THE INVENTION

In the inventory control of products such as rental
videos or CDs (compact discs), it is expected to identify,
by using an RFID (radio frequency identification) system,

20 the presence of video products or CD products which are placed
on the product shelves.

In the RFID system, an IC tag card is attached to, for
example, a package which wraps a video product or CD product
and a loop antenna is installed on a product shelf on which

25 the product is placed. Typically, the shape of the product
shelf loop antenna is substantially rectangular as shown in
Figure 2.

The IC tag card is, for example, an integrated circuit

- AT

*G00002*



conprising a thin, small filmantenna coil, and comrunicates with the
product shelf |oop antenna which is installed on the product shelf by way
of an inductive electronagnetic field by using the antenna coil. 5 However,
for a better communication by way of the inductive el ectromagnetic field,
it is desirable to place the antenna plane of the antenna coil of the IC
tag card in parallel, or at least it is necessary to place it obliquely,
with respect to the antenna plane of the product shelf |oop 10 antenna,
such that theoipstisAeeshimuehans piimeeRinda EbYXesamdicomming caerey at ed
fromthe product shelf | oop antenna cross the antenna plane of the antenna
coi | . This i srilbdcahee priodued mihtedifnd opipaaatephat hhiledt Hsl dostadtledhan are
per pendi cul ar to each other, extrenely snmall nunbers of magnetic fluxes 15

i ntersect thé&PE@BrAIWTT shedf RowaYMicaR ilouctdvs e bechibrmagratisd of a

cube havi ng latively lar i i,n [ ength, wdth and height such as a
package of a%V{§§§5 r% ucfsngﬁ“ﬁk%gﬁéy to attach an 1C tag card to such as

the bottgm face of Hopeveje fdheaspetaee Wonglniddtilks sy alvhg! ol Whe20 the
product shelf when placed on the product shelf . However, in the case of a
cube havi ng dnshuttiive ad dotramagnetin dtilelahd iteiightdesuictakbde £ gpdace
wrappi ng a CD_product or DVD product, it is typically difficult to_attach
an | C tag to%eeapéensm PaepeorLtihe Afenid Goid pif %Eepﬁ?atﬁ%lc%q R he

P ot R B PR D G 8, 01058 g

inventory coRtir® régpadtREb sy Httenie liaheab £l €héagrsdtici e b laidpached
to a product, even to such a snmall -2 product. SUMVARY OF THE | NVENTI ON
In orderd0t o S@beamsuctugh Sbashe rosoppsabbdamuniensef Bagnesaatf juxast i on

is characterized,in conprisin | i near conduct ar i.,ch is pent to form
concavo- convel 5t FFEREREHAR SRominRE gk Tesbe b dGaR FBRenaa s
antenna syst eRebfanthéinid §8iHe i1 &Hd %ﬂx*de’%uf&“%fﬁclt.e&'hzi@ i) HRIdeSif9 t he
steps of 10 preparing a plurality of the loop antenna of claim1l1, placing

each | oop anttenanvénha planssef ahkedutch hbbepartehd iere perperdiem lan ennas
such that the |oop antennas are staggered not to overlap within the antenna

pl ane. The | &6p eafhe@idesys rhrsmalic spadde Munmharshomagnetsla Fkuxgs

chat act o Zed b, LR R0P oI R SRR e B B SRR 3 00
the feedings do notrO¢§% @Bse of a cube having a relatively large size
in length, width and height such as a package of a video product,
it is easy to attach an IC tag card to such as the bottom
face of the cube, the surface which will be parallel with
20 the product shelf when placed on the product shelf. However,
in the case of a cube having a small size in length, width
and height such as a case wrapping a CD product or DVD product,
it is typically difficult to attach an IC tag to the bottom
face of the cube which will be parallel with the product shelf,
25 since the IC tag card itself has a certain degree of
two-dimensional size. A need has arisen for implementing a
product inventory control by an RFID system wherein an IC

tag card can be attached to a product, even to such a small
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in ternms of tinme. In addition, a wireless conmunication systemof the 20
present invention is characterized in conprising the steps of preparing
either one of a |oop antenna of claim1l or a | oop antenna system of cl ains
2 or 3, and preparing an antenna coil whose antenna plane is facing
perpendicularly with respect to the antenna plane of the | oop antenna or

| oop antenna 25 system and inplenenting wreless comruni cati on between the
| oop antenna or | oop antenna system and the antenna coil by way of an

i nductive el egg@emrgnetic field. -3  BRIEF DESCRI PTION OF THE DRAW NGS
Figure 1 is a plane viewillustrating a schematic configuration exanple of
a |l oop antenna according to the first enbodi nent of the present invention.

5 Figure 2 is a plane view illustrating a schematic configuration of a
prior art |oop antenna. Figur§EHM§%139§33§EB£E¥§EE59Ean1iIIustrating a
configuration exanpl e of M) r.i.i.on. of o] e t

according to the gggo%gdgﬁggﬁg%%ﬁ$P§P&bH§r%P%§%%t%ﬁ&ggﬁwgﬁﬁfgﬁs |éﬁ¥% 4 1is
a schemabi ¢ gira@ed® iinfiesitidin NG Vha@eriere 2dd atnl WP fihd @ tathedt ch
can be used in the first and second enbodi ments of the present invention.

15 DETAI LED DesdRIclepirGrh i3Fh THBEPREFERRED ENREDIVRINIS € A\POFL Lonsariiddinrent
An enbodi nent of the present invention will be now described in an exanple
where a IoopaQnPQEEQHQ(ﬁi?Wﬁﬂenna system and wirel ess conmuni cati on system

according to the 1, addition, a loop antenna system of the present
invention is characterized in comprising the steps of
10 preparing a plurality of the loop antenna of claim 1, placing
each loop antenna within a same antenna plane and placing
the loop antennas such that the loop antennas are staggered

not to overlap within the antenna plane.
The loop antenna system of the present invention is
15 further characterized in that the loop antenna systemof claim
2 comprises a feed control means for implementing the feedings
to each loop antenna such that the feedings do not overlap

in terms of time.

In addition, a wireless communication system of the
20 present invention is characterized in comprising the steps
of preparing either one of a loop antenna of claim 1 or a
loop antenna system of claims 2 or 3, and preparing an antenna
coil whose antenna plane is facing perpendicularly with
respect tothe antenna plane of the loop antenna or loopantenna
25 system, and implementing wireless communication between the
loop antenna or loop antenna system and the antenna coil by

way of an inductive electromagnetic field.
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20 present invention are applied for the | oop antenna, |oop antenna system
and w rel ess comruni cation systemfor an IC tag card. (A-1) Configuration
and operation of the first enbodi ment 25 Al though vari ous shapes of |oop
antenna can be used in the present invention, the shape of the | oop antenna
shown in Figure 1 is used as an exanple in this enbodinent. This is a
conponent which is equivalent to the aforenentioned -4 product shelf | oop
antenna. In Figure 1, a |loop antenna 10 has a substantially sawt oot h-shape
inits entirety and has e GHIRARISITIRIdE SrHE it iiies 5 More
specifically, the |oop antenma 0 cTonprises a tong straight |ine portion LP
whi ch el ongat es sulrsiicante al | ysstr glghte inid¢wmeidllustrabhngf at lechemaivick, a
short straight |line portion TPl which_is at an angle of B 1 with respect to
the | ong str&YHIIULRL IR exanPLe ofhd Loepy arterpa ACCRE iagqta Gheth i gt

| i ne portion shor tral | jon TP2 which is at an angle
of 0 3 with régr;bp?e%jtw%rg:t eés%r Ia‘ﬁ“ks rati' gjflw?lﬁ)ﬁ%&bbrti on TP1 and at an angle

of 8 2 wigth respectpiguridiez | 989 astg@itihtviépeipoubteatifgand d¥fematic
approximately sane | ength as the short straight |line portion TP1, wherein
an acut e angleonifsiquoratioon &l avprior saftorheap byntémnahort strai ght |ine
portions TP1 and TP2, and acute angle portions TG 2, TG, 3. and TG each
havi ng approxi mat elBAEHiR Shapt & EFOSRAHIC aAdRETpdr t tbhuFEiaking 2

Feeding poi ne BRSBTS e 88 Phe'aRy ot i 85 31805 it ' "
appr oxi nat el Ysyem gt &Bding Ft8UtRelsecbnds ei®odigedts ¥ty thw@tptdeantar e

sanme. In addition, although the repeat count of the acute
10 invention.

Figure 4 is a schematic diagram illustrating an example
of attaching an IC tag which can be used in the first and

second embodiments of the present invention.

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

(A) First embodiment
An embodiment of the present invention will be now
described in an example where a loop antenna, loop antenna
system and wireless communication system according to the
20 present invention are applied for the loop antenna, loop
antenna system and wireless communication system for an IC

tag card.

(A-1) Configuration and operation of the first embodiment
25 Although various shapes of loop antenna can be used
in the present invention, the shape of the loop antenna shown
in Figure 1 is used as an example in this embodiment. This

is a component which is equivalent to the aforementioned
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angle portions ( such as TGL ) is four tines ( concave portions 25 are
three) in Figure 1, they may be nore or less than four tinmes as occasion
demands. However, preferably the repeat count is nore than twice. In Figure
1, the | oop antenna 10 has a two-di nensional -5 shape, and the plane of
the | oop antenna 10 is an antenna plane AS. In a practical inplenentation
where the loop antenna 10 is installed such as beneath a product shelf, a
pl acing 5 surface which is the obverse side of the product shelf and on

whi ch produchgogdel ahed fCRoepSAntbnpAQWN in Figure 4 are placed ( it is
desirable that the material of the placing surface is not the materi al

whi ch insul ates a WagRégucrefilsl @ rmom anttennal 1hhad assubsteptiaddst i zed)
is parallel with and 10 al sp stay cl pse to the antenna pl ane AS. Therefore,
T 1 desir aBPULPGtiesPaBe He ES Rt L Rekh Angi Nan deaang BOHRES pBRARtRs (
such as TGL la%ﬁgr%bng to the length of | engthw se direction of the
product shel T “(which®i's typically the direction in which such as the CD
case 21 ps pl aced) Mote dpedif sc£nbpdicentcop Aatehnaci kemphrdiseishe longp
antenna 10 conmunicates wirelessly with an antenna coil enbedded in an IC
tag card 20 gtzedghitguting poirtiphe Likewbficho-ekdngatespdgubstantially

el ectromagnetic field, (anpng.i.t, painl netic field) . It is _kno t hat
t he strengthS&FaﬂﬁgtechgﬁﬁnﬁbﬁﬁFF&OPi%th'?l%ﬁf%ﬂff%d%é?“V@‘S%raléﬁ%

el ectromagnehisael el gAupb ifi NG &/ BkUsni ANEIS @Y P1APRLL LUled 0 dhe
square of thé distance Trom an electrical mcrodipole to an observation
poi nt, and weakensngogtrdeghbl Vinapaltias Phandi shanteri titareades lony S
change is slower than that in the electrostatic field but rapider 25 than
in the A8di astsaighdl dinesgerbiey hha@nshacsbertisbraght ddipPeLtdomhe

| t 10 and an ob t] int,is th il,of the lCt
card 20, i1 PEZIICEIAAR PRATEREhE o | AT U0bTSRPERRA AP FREEF 65 Aitinna. 10
shoul d -6 59 120nsi-d96A0LSIChATEL LGN QDRI de B deLch X EARIIGAIGDY oY

of an inductive electromagnetic fie e sizes Int , diraneter and
wi dt h of t he llongesttraibgtduiine pelritdlorf P andthias dpmpoainearmby $amerlengdth
specifically 5 limted. The material of the |linear conductor may be any

materi al whi &% ERAGhOrE srERightildne prEEEPRARL aWRBT AN SIcRCYES AW ~ or
a ! i SR . |t ] |
e 8 Vo 0 Lt 14 RSB B Uy PO o

configurati onm] aadafp2XAAY GcuttBean§te PortiromXing pNor@rrduat Tedieden s
t hought to be appropriate for this application is assuned here. Wiile the

nunber of tuhesrigly sppddximataiyesamel 6hapeoas, théeacaute mreg wigorfiarhi s
product is a rectangul ar spjral having nultiple nunbers ogxéurns in L5 a

plane. In ser?%ﬁlng"rﬁ FYACF5OMT HE Id¥p CRRASHRE ﬂ;.,rqqtné:fp : dthe AT ent
CT is fed toflowigy gquI aj; E)dfrhpg éé)ﬂ%(l nir§tl:' in Figure 1, a

magnetic fiel'd perpendi t he antenna e and in the direction from
the baclg de to the1aRIfe 2HeSi 88gPésbhe, anf enNnghdh anears GBI EH

i nside of the |oop
approximately same angles in Figure 1, it is not necessary
that they are same.
In addition, although the repeat count of the acute
angle portions (such as TG1l) is four times (concave portions
25 are three) in Figure 1, they may be more or less than four
times as occasion demands. However, preferably the repeat

count is more than twice.

In Figure 1, the loop antenna 10 has a two-dimensional
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and a magnetic field in the direction fromthe obverse side to backsi de of
the antenna plane is generated outside of the | oop, obeying the

ri ght-handed screw rule. This occurs simlarly at the long straight |ine
portion LP and also at 25 the acute angle portions TGL - T&. If the
direction of the electric current CT is reversed, the directions of the
magnetic field are also reversed. Wien the magnetic field crosses the

af orenenti oned antenna coil, the signal which is sent from _7_ the | oop
antenna 10 i ghheeei wad Rhe pAable 030 thd dotp aftdni Qlohals handnudiem the
antenna coil of 'the ICtag Card 20 sends a reply signal to the above
mentioned re@dpneoAsS.it is possible to identify the reply signal at a
communi cation 5 circuit ( not shown 1 of the | oop antenna 10 dependi ng on
the el ectronotive fi&r @ePganbigaédimplementabionivera Yte R PReTMssi ng

its magnetic . f. f.ield, l.ess o detect | i deng i f4i i on of
the reply si &r?af‘saﬁ‘gsggggggyggc_ eﬁo%?%%iygrﬁ %i Igc}ﬁlfé]%?g}g%jb%’de% |lracquOMi ch
my be cgnne@hedak@ tWwhikhe ikeedengbperpkssPde anfl Hie Proditit SHBIE dnd t he
case of the product inventory control of the CD product 21 shown in Figure

4, the contewn whithepregugtsisuch amyp 6B, cdse Zxsnown in EDyureld age an | D
assigned to each IC tag card (identification info%tion of ,the | taeg 15
card ) . TheBl@sssh(isifsesidabdethattramaferighAdthaPlanyngmirtac
conmuni cati o ' cohk ~hayi r elﬁwaq# l.ane

W th respect rlts\ghioﬁekg%ogggtgggaél ?hkggpyg%tgéﬁﬁg,g @m C Iqe\yfxll'/a:gé d?ﬁlfcgtr}ﬁlpvft h a
conventi onal madeRiant enizs idveadl liyh e gietel zbd Waiss pde Jlasis ivblth vdridn a

| oop antenna 10 of this enbodi ment, however, it is conceivable that the
reason il as #l@d @ity lolosieyhce the @ntsnnan e lengh &S < Thapefanssdst i

ant enna pl ane, of, an .antenna.coil. FA which exjsts e%%sggi cul.arly above the

paper surf acESHF AR SHIRAHF S FRGHRIP AT FPHBE Of PRGAF B ES (|

~a . there igpg GUFEN abBbeh 196N ¥neS1EAPER I0TI1 BRGERYE Sefd edtliddie
vicinity of the antenna coil FA) . On the other hand in Figure 1, because a
magneti c fl wofMihke Wiciudts siesief atvediaibels rgygilom Irliyg ttheh adidssb tsicorewin g_
rule in the shown state has a conponent in the X direction, the magnetic
field of theWhisih &ithms the (AR a8¢ hel akt akRcedlt FA. Needl ess to say,

it shoul,d be understopd.tha usin t he 1.00p a f_ t.hi

erbod meRt .t ho wi 1 B850 SHHRTRER ofn g e EPRE W FORR T udes
a filmantenng eghninuAdVaRe 21 2BTBBEAYPYARR NREAtRIna0FcD! fibEaded Nin
respect to the antenna plane AS can be done. As described above, since

wi rel ess comamlc€abpgarsda ( &6eFd gioreet Wi s ltheheseof epraaddied irfdAlctiare ng an
antenna pl ane perpendi cular with respect to the antenna plane (AS ) of the
| oop ant enna EFtEANREIGL i fie1sh{ aRARIpH Bindaialy mepnstisnfighd) witth

et RSB 5 by RO EAS ROSE VAR PRI R
( 10 an@QFA igh t bhauexafel @ Dectromagnetic field equals to the value
inversely proportional to the square of the distance from
anelectricalmicrodipole to anobservationpoint, and weakens
considerably rapidly as the distance increases (this change
is slower than that in the electrostatic field but rapider
25 than in the radiation field). Assuming that an electrical
microdipole is the loop antenna 10 and an observation point
is the antenna coil of the IC tag card 20, it is necessary
that the film loop antenna and the loop antenna 10 should

-6-



are less and thus a higher flexibility is attained than with the prior art.
Therefore, it is possible to attach an IC tag card on any face of a case
surface even in the case of a cube having 20 a small size in length, width
and height, for exanple, a case wapping a CD product, and also it is
possible to place the case in any direction when it is placed on a product
shelf . In other words, this enbodi nent inproves the reliability of

conmruni cation such that w rel ess communications can be 25 done even with

the antenna gei tohEMNeRablipocBoperapittictiedr ianbeaes b avtmusicdt evhs
difficult in the prior art. (B) Second enbodi nent -9 Only the points that
di ffer from waysefomn Haductsives daftnomagnatichd ity i bed bel ow. (B-1)

Configuration and gperation,of the second,enbodi menf 5 configyr.atiaon
exarpl e of he i AOBAEEE 18 HGKTRR B SBRLPE AT AP et BRIt | s
shown in Fi gubagiictiol i Sl $otms!tife 186B ﬁme%n{saléweeﬂaégg@%m&rwc%m oop
antennas 10A and 10B, a feeding portion 31 and a feeding control circuit

33. LO The | admiaeidenmie hidteanichll 0B atkee siiméar ooaduasorhmalolye amiyenna
10 of the first enbodinent. As can be seen in Figure 3, these two | oop

ant ennas 10AM@Y@Tigs wWhichsqndnads ehectraeytyr Pretepphrty amehah sicdhne

i t he.acute.angl e rtions IGL - T&A do.,n
afe iy

I h th h ;
gvgpfaBUES EQ%LC%P%@ Oéggsgigeﬁnfﬁnﬂﬁe%ra %?%9?b05téﬁvé CPFAShd t he

ant enna pl ang;i@h tah& Hi9P B iy 18- ]1%6’:}_1’_6 substantially conmmon .

Although the configuration of the IC tag card 20 can
10 be various configurations, as an example, the use of the
existing product which is thought to be appropriate for this
application is assumed here. While the number of turns of
said loop antenna 10 is one, the antenna coil of this product
is a rectangular spiral having multiple numbers of turns in

15 a plane.
Insendingsignal fromthe loopantenna 10, ifanelectric
current CT is fed to flow in the direction of arrow X as shown
in Figure 1, a magnetic field perpendicular to the antenna
plane and in the direction from the backside to the obverse
20 side of the antenna plane is generated inside of the loop
and a magnetic field in the direction from the obverse side
to backside of the antenna plane is generated outside of the
loop, obeying the right-handed screw rule. This occurs
similarly at the long straight line portion LP and also at
25 the acute angle portions TGl - TG4. If the direction of the
electriccurrent CT isreversed, thedirectionsof themagnetic
field are also reversed. When the magnetic field crosses the
aforementioned antenna coil, the signal which is sent from
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The feeding portion 31 is connected to feeding points, P1A and P2A, of the
| oop antenna 10A and to feeding points, 20 P1B and P2B, of the | oop antenna
10B through the feeding control circuit 33. By the feeding control circuit
33, the tine of the feedings fromthe feeding portion 31 to the | oop
antenna 10A and | oop antenna 10B can be staggered not to overl ap.

Therefore, according to this enbodinent, the feeding 25 to the | oop antenna
10A and the feeding to the | oop antenna 10B are inplenented alternatively,
thus the | oophantiepaant®hnnd olGR heswiered figetine Bt tedqatavel 0. Wth
this configuration, by using two | oop antennas -10 10A and 10B, it can be
easi er to observe Omethegother drendbolrenabhhennternasainld ofutpat 5C dafd ned
by the Radio La nd so the reliabjlity of comunication can he

Chor eased cof 28 RS LA RLIRTE SO L GHOHE Hon ELRRRA T aRE 1B
antennas 10A @il R AIRAED YoM G 18RE YRlDLY 816N WA SWorhud i d et that
only one | oop antenna exists at the same tine, therefore, it 1I's obvious
that thi$ malkdsrrad ¢hottoshbaal ver ttiee rlegiy ahitennhaaboudlepahéing on 2dse and
outputs defined by the Radio Law than the case where 10 two antennas are
made ef f ect i Rl esttnomotsiime forge Jepesatpdi dh the dRSRyANERBNRHS #R il hot
necessarily clarified why the reliahi.lity of nuni cat.i op, of . t.he second
erbodt ment A SRR ERE FamRot et dretkl Wre PR tn 8 At TRy
likely that, dya t hgehthistcafbed rent n:hbh_eré@]??‘ets'i@nlai fhg ied thgs are
spatially non-uniformdue to the nutual interference of the nmagnetic field
gener at ed fr alameatil gioidn onscofittdiedecogdeanimnnia ¥hichenehe,connedieedecond
enbodi ment, the nagnetic, flux densities are uniform zed and al so mai nt ai ned

at hi gh Wevelto M ardineRpinta Bl ra BD betinet | $RYWI pore
particularty, 11 1S5OSR &2 Mo RIBERAS Ahdeh @iy Adiiior Ide ife

magneti c flux densities are spati y “non-uni form No conmmuni'cati on can

be done in adp Gy 131 AP uin FifirLannathdesiidnt A dw pty
area. On the 25 other hand, in the case where two | oop antennas 10A and 10B

havi ng same sHapesl ey peacEdrsexamphai a Iy tdrtd esoagger ED, ashitgredLaher e
the magnetic flux density by one |oqgp.antenna,( .a . .. 10A) . is low can be
mat ched to tf?@cg'fé:ag \H"i‘@rgaf')ée(ﬂraﬁﬁiéfﬂ" dcagion FﬁSQrﬂégéF’PyOEytt‘ﬂeI%t | oop
ant enna y(se. a ) is high, and thereby the magnetic flux densities can be

nmut ual Iy conpl enented and thus the nmagnetic flux densities in the space
vicinity of the | oaheantersws ilDAcnthddddan Be Hedly hi gfuded rodtheitiy

entirety. the communicationwith the antennacoil having a perpendicular
antenna plane with respect to the product shelf loop antenna,
which was difficult with a conventional loop antenna shown

20 in Figure 2, was made possible with a loop antenna 10 of this
embodiment, however, it is conceivable that the reason is

as follows: In Figure 2, almost no magnetic flux crosses the
antenna plane of an antenna coil FA which exists
perpendicularly above the paper surface and is shown by dashed

25 lines in Figure 1 and Figure 2 (i.e. there is no current which
generatescrossingmagnetic fluxinthevicinityof theantenna

coil FA). On the other hand in Figure 1, because a magnetic

flux MG 1 which is generated obeying the right-handed screw
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As descri bed above, according to the second enbodi nent, the equival ent
effects to the effects of the first enbodi nent can be attained. In
addition, in the second enbodinment, the reliability 10 of conmunication can
be higher than the first enmbodinent, if the conditions such as outputs are
identical. Exanple 1 A test was conducted with an experinentally

manuf actured 15 | oop antenna 10 according to the first enbodi nent. A | oop
antenna of the shape shown in Figure 1 was formed by using a surface-coated

copper wire 2ul® if €hansi®in axatd hasas comgoRént. idthd andisiecaiight, | i ne
portion LP was 125 cm the short straight line portions TP1 and TP2 were 20
both 30 cm the magheti® fielgl of thrilpop arkennd 100rgegeedshe pHLENNGop

ant enna was %& ied on a surface of a 1-cmthick wooden product shelf board,
and then it dlcEPered with a 2-nmthick f oam pol ystyrene sheet, and

feeding points of RALRIGARS: &l 0Py AHANRAHURIFIGANIL Eflat @yh%qqugng

device . 25 Then, cases, ace of each CD case
af or enmenti onetiel QLdag veasteairteachod af Hhdwn embéddment4, 'Mmeevammdmgﬂﬂ at

random posi tions on the foam pol ystyrene sheet on thﬁgproduct shel f board,
and 1 W powefFomgynisatigonwith thadCitagrard whagh ifed wwasa f LiBendeRddct ed

was that 45 SPIERTRET T 8abeBE Padhe Bise TSt RET e b i Re sk e
out, were al £9 i8R0 AQ¥enMEPIUNRY ALI@ADEGoned, cmin parallel in the X
dlrectlon in Figure 1 on thé surface of the expanded pol ystyrene sheet.
Details of the |C Bsgdesedibedtdbeve estinarewiretesbertbmmunications can
10 be done with the antenna coil (FA) having an antenna plane
perpendicular with respect to the antenna plane (AS) of the
loop antenna (10) as well as an antenna plane parallel or
oblique with respect to the antenna plane (AS), in accordance
with this embodiment, restrictions on the directions of
15 placingthemutually facingantennas (10andFA inthisexample)
are less and thus a higher flexibility is attained than with
the prior art.
Therefore, it is possible to attach an IC tag card on
any face of a case surface even in the case of a cube having
20 a small size in length, width and height, for example, a case
wrapping a CD product, and also it is possible to place the
case in any direction when it is placed on a product shelf.
Inotherwords, thisembodiment improvesthereliability
of communication such that wireless communications can be
25 done even with the antenna coil (FA) having a perpendicular

antenna plane, which was difficult in the prior art.

(B) Second embodiment



bel ow. The antenna coil was fornmed by attaching a 35-,u mthick 10 copper
filmto one surface of a 50-umthick polyethylene terephthalate film
manuf act ured by Toyobo Co., Ltd., product nane, "PETA-4300", and then

i mpl enenting wet etching using ferric chloride solution. The nunber of
turns of the antenna coil was 9, the long side of the antenna coil was 45
mm and 15 the short side was 16 nm The IC tag was fornmed by nmounting an

| C chip manufactured by Philips Japan Ltd. , product nane, "I-CODE", on the
antenna coil. 50 | Oniggsheapdiasst khatwaie fieanffram theteand ithieorfiatston was
stored in each ICtag. In addition, the feeding device used herein was 20
manuf act ur ed epporiimentz widdabd wescyidatudelme, "I OWO00F'. This feeding
device al so has the function of the feeding control circuit 33 described in
t he second enbodi nent. The experinental exanple and the reading test

her ei nabove ﬁ-‘ige@oh?ﬁg‘éﬁ'laitqjohyaﬁﬁ Bgti@fé{:iéﬁ SEDA Ron enfBsiReht? A

test was conducted w an experi nment y manufactured | oop antenna system
30 accor ding to thea cachighenhiosh eranple bE thelmoih paptarnt 2hoep ase@Ennss i n
the Exanple 1 were prepared, and placed on the back surface of a 1-cmthick
wooden produdysdied) 3hed dhsik iemhadinent | pshene nHaF 1@%e st agger ed and

the point of the agul #8096 PU 283p [HeendChydedh QYR 28-S 23
antennas 10Aand 10B, a feedingportion 31 and a feedingcontrol
circuit 33.

10 The loop antennas 10A and 10B are similar ones as the
loop antenna 10 of the first embodiment. As can be seen in
Figure 3, these two loop antennas 10A and 10B are so placed
that they are staggered within a same plane such that the
point of the acute angle portions TGl - TG4 do not overlap

15 each other and the antenna plane of the loop antenna 10A and
the antenna plane of the loop antenna 10B are substantially
common.

The feeding portion 31 is connected to feeding points,
P1A and P2A, of the loop antenna 10A and to feeding points,

20 P1B and P2B, of the loop antenna 10B through the feedingcontrol
circuit 33. By the feeding control circuit 33, the time of
the feedings from the feeding portion 31 to the loop antenna
10A and loop antenna 10B can be staggered not to overlap.

Therefore, according to this embodiment, the feeding

25 to the loop antenna 10A and the feeding to the loop antenna
10B are implemented alternatively, thus the loop antennas
10A and 10B become effective alternatively.

With this configuration, by using two loop antennas

-10-



50 CD cases,

were arranged on the surface of the wooden product shelf board at

positions, t

to each of which sane ICtag as in the Exanple 1 was attached,

hen a readi ng test was conducted. The result was that al

them were 10 read out. The experinental exanple and the reading test
assured the validity of the second enbodi nent, and a higher

her ei nabove
reliability

than that of the first enbodi nent. Moreover, although the

random

50 of

| oop

antennas 10, 10A and 10B 15 each havi ng sawt oot h-shape were used in the
af or ement i ona@af 4/ §1103)di & @EANHe IHWIEITEB! ShHHSr V& thieONe§h BHOVEn s bdUto0p

antenna of t

he present inventionis not limted to this shape . For

exanpl e, t he aatenaweaizescand ondputree dedinednby el Radd chbAW, aand &hsSas t he
rtions TGl.- T&, 20 and the acute, angle portions TGL - TG4
o FARLABLLiEY OF SORTLRA AT S Be ceR e SRerIe
ﬂo”%h%etmofatth%cbﬁierﬁ‘%n%dﬁﬂ%}rﬂ{jditi0”’ al t hough t he nunber of

acute angle
can be bent
instead of b
turns of the
25 or noke.
made effecti

of tine. Mr
conbi ned had

10

15

20

25

oop antenna 1

was one 1n the first enbodinent, it can be two

Fur t heMalkingddtivbonlodpe dnverdmap aokenaad 1008 ard FEHHS iwey e
ve alternatively in the second enbodi nent, nore than three |oop
ant ennas can & andd isfeslactisy eaydyialepa: to1ghe fael Bhat serbpanal 1APR er s

B Hnal B AP SO B SRS A 18P o e
that thismakeseasier toobservetherequlations about antenna
sizes and outputs defined by the Radio Law than the case where
two antennas are made effective at the same time.

In addition, although the reason is not necessarily
clarified why the reliability of communication of the second
embodiment can be higher than that of the first embodiment,
it ishighly likely that, in the first embodiment, the magnetic
flux densities are spatially non-uniform due to the mutual
interference of the magnetic field generated from each
portions of the loop antenna 10, whereas, in the second
embodiment, the magnetic flux densities are uniformized and
also maintained at high level, which may lead to a higher
reliability.

More particularly, it is conceivable that the reason
is as follows: If the magnetic flux densities are spatially
non-uniform, normal communicationcanbedone inahighdensity
area but often cannot be done in a low density area. On the
other hand, in the case where two loop antennas 10A and 10B
having same shapes are placed such that they are staggered,
the area where the magnetic flux density by one loop antenna

(e.g. 10A) is lowcan be matched to the area where the magnetic

-11-



Needl ess to say, this invention can be applicable to 5 applications other
than inventory control of the product such as video products or CD product
menti oned above. As described above, according to the present invention,
the reliability of comuni cation can be increased, and the flexibility in
such as the placing directions of facing 10 antennas can be increased. -15
I'~T T TL~IG 1. A loop antenna, conprising a |linear conductor which is bent
to form concavo-convex portions within an antenna plane. 5 2. A |oop

antenna syst enuxCaeBkisynBy Bhel ctlket tYo®d drogmmat @, BN =0t ghint enna
having a |linear conductor which is bent to form concavo-convex portions
wi thin an anasdndhsinehy tlte whegeehieadAukosiendgittaiafa ¢an pbacsygtiadAvn a

sanme antenna plane and is ed such that .t | o ant ennas e staggered
ot to over| SpnpLeme ek S EBfR i Baanes 16 Kt IBaRT L AT 10 Bhe sbet®
accordance wt:h iclial , r | $H R0 f or
irrplementin\g,;mv?%é'?1 gkgkﬁggﬁgoiggéh&?%%gﬂgﬁtg%%gégﬁéﬂﬁfggﬁp?%%q%%ﬁ%?ﬁggldo
not overbap iim their enttiimey.20 4. A wirel ess communi cati on system

conprising: a |loop antenna having a |linear_ conductor which is bent to form
concavo- convex por BecieseF ibrdabavantadar PinmhEe thaisercnd eamedident whose

antenna plane,is facin r di,cul arl.y wi.t.h res tp. te ane
of end b1 b snE SRR e RE /TR B B Aok ErTE thelfi 1 OE R AR,
bet ween sai dJlz@0peaR8AIGHeyld said antenna coil by way of an inductive

[ 6

el ectromagnetic field. -1
In addition, in the second embodiment, the reliability

10 of communication can be higher than the first embodiment,

if the conditions such as outputs are identical.

Example 1
Atestwasconductedwithanexperimentallymanufactured
15 loop antenna 10 according to the first embodiment.
A loop antenna of the shape shown in Figure 1 was formed
by using a surface-coated copper wire 2 mm in diameter as
a linear conductor. The long straight line portion LP was
125 cm, the short straight line portions TPl and TP2 were
20 both 30 cm, the anglesf1, 02, andf 3 were all 60 degrees.
This loop antenna was placed on a surface of a l-cm
thick wooden product shelf board, and then it was covered
with a 2-mm thick foam polystyrene sheet, and feeding points
of both ends of loop antenna were connected to a feedingdevice.
25 Then, 50 CD cases, to the side face of each CD case
the aforementioned IC tag was attached as shown in Figure
4, were arranged at random positions on the foam polystyrene

sheet on the product shelf board, and 1 W power was fed to

-12-



5. A wireless comunication system conprising: a |oop antenna system
having a plurality of |oop antenna, each | oop antenna having a |inear
conductor which is bent 5 to form concavo-convex portions within an antenna
pl ane, and each | oop antenna being placed within a sane antenna pl ane and
bei ng placed such that the | oop antennas are staggered not to overl ap
within the antenna plane; and an antenna coil whose antenna plane is facing
10 perpendicularly with respect to the antenna plane of said | oop antenna
system wher ¢he Wobpl 8AteAAAUANASE | ©8st Swd Sl RImawsadiaigl theop
antenna system and said antenna coil by way of an inductive el ectronmagnetic
field. 15 6. infarmatdon stowed tatthea J'sf;/gfgmhecgnphi ECriepg a ThvgFesitldnna

t havi |t f ol t : h | t havi
[ near condudedr CHAF oh® 1S B S Ror RAGOE e CHRERVERE pol bF D A THGR an
antenna bl ange 312083601 0R, BPE ORNGDRLDR B ECHLAIIL R Cnna

pl ane and being placed such that oop antennas are staggered not to

overl ap Bt hianchhith parannalpi fihe ANl sedtlidwdm ROGenadl systikadmmfane a
feed control nmeans for inplenenting the feedings to each | oop antenna such
that the fee@fhfhedexpandesl podyishiyneng e¢haetof tine; and an antenna coi

whose ant enna pl ang s fact po, perpendl UL Al Yo D" 8BESrd Al AL

below.

The antenna coil was formed by attaching a 35-um thick

10 copper film to one surface of a 50-um thick polyethylene
terephthalate film manufactured by Toyobo Co., Ltd., product

name, “PETA-4300", and then implementing wet etching using
ferric chloride solution. The number of turns of the antenna
coil was 9, the long side of the antenna coil was 45 mm, and
15 the short side was 16 mm. The IC tag was formed by mounting
an IC chip manufactured by Philips Japan Ltd., product name,
“I-CODE”, on the antenna coil. 50 IC tags same as this were
manufactured and information was stored in each IC tag.
In addition, the feeding device used herein was
20 manufactured by Marantz Japan Inc., product name, “ICWI900F”.
This feedingdevicealsohasthe functionof the feedingcontrol
circuit 33 described in the second embodiment.
The experimental example and the reading test
hereinabove assured the validity of the first embodiment.
25
Example 2
Atestwasconductedwithanexperimentallymanufactured
loop antenna system 30 according to the second embodiment.
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wherein wirel ess communi cation is inplenented between said | oop antenna
system and said antenna coil by way of an inductive el ectromagnetic field.
-18 . Ah . A@A{SE . AQUS?. AS, . Ah@ A{, . AU. A. A{. A{e. Ae. A A{. A2

. AnfLA{L A 2?0 XZgNr HKgR) X

2s~ytoj e [V]ca] ca] ca] ca] ca] cRa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] calcalc
a] ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] cMal] c<al sSZc|. @#_=x-i . S| wmhc”Y]c] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] c"a] ca] ca] carwdSMidy &mt8nhpf\sdngbd Xlihcd]e Bkempd a] cweraprapaalech] ca] ca

cal caU] calca] ca] ca] cal] calcalca]l cal cal cal]calcalc”alcalcalcalcalcalcal, @, F
1(| ] Y ] ]nd }!Jlac]:ed]on l:he]bac]:'k s!ur ace] of]a 1]-cm hl!:k v]roo en]pro]duct }

ol Bl e e o

-m c. /v1} 1112922231 88 WP alca 209808 p3HrimsOré] |- cre 63l £8t erletala4n] cal ¢
aJ ca] ca] ca] ca]ca] ca]lca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calcalcalcalcalcalcalcalc
al 37: 7n7%7 8=3cd88RI&h: las shdwn ;ivH&igure=3.

oo Al ekt egen o sl e Bt s
SIS e el rlene A ol e

KK" K] KKKLTL L koAb N s heh Zd he]real don pa]s@ahaa]sqaimi sajexaiicr] ca ca
] ca] ca] ca] ca] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! NNVNNNNOLOO
[00) test was conducted. The result was that all 50 of them were
P_PPPPP 0 RRRUSASWSSSS} xsni d_Z] ] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cm ‘ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca! SOTnTsTvT

TTUELUU) VAV WM 00(AYa YZWEZA27 Wikt W 1 Gale alisal caleal sa) caldal cal ca

] ca] ca] ca] ca] ca] ca] cal] c

a] cal] Ca] ca] degjred|nedjooes a@]sﬂﬂaf]eda}:h&] valldaiyadfat i [ddddndembodineny,] ] ] +*h

xsni zupkfa\ W Lca] cal c] ca] ca] ca] cal ca] ca] caj ca] ca] cajc

a] ca] ca] ca] ca‘]r]é%chla]ﬁafEa] %Ja]?:la] B dhad) é‘«&]a(‘,'a})%a}hg] Tkt 5§ iembjod imen
10965&' () - 910968 G, 1098
10968 (§)NrdE910(V<(5 o °§’%d£ él(t)h-%’é‘ég’%%ge( ;("‘IB(V% ?]‘)’aslﬁa% 193 .and 10B

10%& ( )15HKg R hAYE S Ba%té@%&'sﬁ)agedﬁe%@y@§§'d(in @he Ja(f%i‘%n@rﬁﬁ%ned
1096& () - T109%& () - R XdEL3 10%& () - &1" 1096& ()-/ 109%6&

1096&' () - Lf, fOuEs (Gnd Hainiid )emb@d@crioh &g )mér@l@riéw%aoﬂeg, (Dhe Mo 05
105f 81096&’ () - 61096& () - 41096& ()- 25

z[ 9_@ *#10% \a@tenna 96%1@ PYeRenaL irgmntgqn igmnot pigqiged)tathdsashaped " 10%

\15‘\ % ) O%SQX{)ZC! TeFon &% ‘%%1 % ﬁégﬁ%fcém%%ﬁ( 15nd% 148 portion Lp

1094 () - &@L Q4r He) pehtV/EE é)amelﬁ%"l%é)aéﬂté %é)p&ﬂf&'ﬁaﬁi# HEA () -!
10948 () - @ "109%44& () - &L0%H& () - 109%44& () - & 109 X-1 dE~ @ ! &

10%4& ( 120 1" E09A&hE) atutevsByLe- pénﬂ%ﬂs (IGD& m%&a(n) be%e%w( )eighiC! !
109% & ()-&10% & () - S109% & ()- 10H 10H 10H610%-& (}L 410%3&' () - . SVAELC! !
10% & () - @ 16H%: ‘%S; OoF1BeR k! %IS‘O%%& in aze1pysRidplywaveform instead of

being bent at acute angles.
In addition, although the number of turns of the loop
antenna 10 was one in the first embodiment, it can be two
25 or more.
Further in addition, the two loop antennas 10A and 10B
were made effective alternatively in the second embodiment,

more than three loop antennas can be made effective such that
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@0% & ()-VASMIEbC! 1 -10% & ()-9@ 10% & ()- Y10% & () -

109 & ()-LI 10% & () - &@L0% & () - ML vdEbC! ! f, 109 & () - *

10% & ()-&"10% & ()-& 109% & ()-1% 10% & () - L#10% & ()-v9% dE:/ 10"
10"810% & ()-6 109% & ()-4 10% & ()-&3 10% & ()-& 1"10% & () - &

109% & ()--8rxY:/ 10" 10% & ()-Lm'10% & ()-1 10% & () -

10% & ()-10% & ()-S 10% & ()- 10"][dE:/ 10" 10% & ()-& 10% & ()-|

10% & ()-"10% & ()-S 10% & ()- 10% & ()-, @aB:/ 10"/ 10% & ()-& 10% & ()-S,
10% & () -! &(#H a& e )std@elr¥®d & Jtermsl WA &ine. F}dYNC 10" 10\ 10\

10\ 810% & ()-9610% & ()-410% & ()-&3 10% & ()-11"10% & ()-xI !!zX9YNC

10" Y" 10944& () - ! Y" 10Megver," adtfguah- the Obeepr antann@s’ 109@Hand) 108 s &a' 10% H

| H& ()-!""#3$$3$$z[ PE: 10" 10H 10H 10HyS810%& ()-!+*#10%H& () -
! *#18%&%&' ()i’e F‘D&géz@i&‘%‘(‘}@. 1S P?%mé/@&' BE: dDFEEFC “snapes.
117 1"10% 0\ & () -! F" 1% ' 'y 200K 6) 1 Arent P\ & h ) L apPRA & e L' " 10
%\ & ()- 2 3)*+++++1‘%r%‘§1§5%% ro. 839 ff}glb@%‘%‘@& fah)pd appfiddii
10\ yS810% &' (@pdls’catiddnstother LHAD Yv&n€dry "dditdr®d X p£the proaubk/saxdy\ :
1!!"10%5&'()-![!ﬂlO%ES&'&g-!&F"10%55&'()-"10@&&f()-!"10%55&'()-!InflO%ES&'(
)-/wov1z1{1| Bslvideeo products or CD product mentioned above.
As described above, according to the present invention,
the reliability of communication can be increased, and the
flexibility in such as the placing directions of facing

10 antennas can be increased.
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1'- 10% & ()- 10% & ()- 105 105 105S8109%& ()-!! " *#109b5& () -

T *#10965& () - 120222313aB{\= 1110% & ()-,S10% & ()-s, 10% & ()-

10% & ()-!'LF m'10%\ & ()-Y10% & ()-133v4445?5dE{\ = 1! F¥d0% & () -#10% & () -!
10% & ()-, "10% & ()-F@10% & ()-"10% & () - ?5| 55566066dE{\ = 1!/ -

10N & ()-& 100 & ()-,, 10%& ()-s*- 10%& ()-("10% & ()-'

10% & ()-66737778797: 7Tn7xnbC 1! 109%6& ()- 10\ 10\

10\ 810% & ()-610% & ()-3S10% & ()-F1"10% & ()-n777 8=8t 88dEnbC 1!

10%& ()-& 1%@&Me - 10%& () -sn' 109%& ()-F

10%&' ()-10%6&()-8889& b: k: dEnDC 1! #10%& ()-! 10%B& ()- "109%& () - 3-
109%& ()-&"109%& ()-&10%& ()-k:::";];;;dEnC 1!'-10%& ()-,, 109%& ()-s*
10%& ()-("109%6& ()-' 109%& ()-9F%0%& ().-,; <H<<<<<<<dE:/ 105

105f 8- 1096& (1)._ {}@.RpE&n(:ynnalg%@ql)sglg a’'linear conductor which is bent

109%& ()-F1"10%& £)-L/ 109%& () <<==>7? P s
3" 1096& ()-! 3?%%%’5&}‘(‘31“@%5}% ‘E‘jr!‘fe’ié%?%g%% YHP3Os3P (TR RN e () -
105H@BA/ B+C0C1C2C3C! DzodY: 10% & ()-& 105 105
105S8- 109%6& () -! &s*"10965& () -! Ms*"10%5& () -!!"109%65& () -! D6DnDDDD1EdEdY:
2. A loop antenna system, comprising:
a plurality of loop antenna, each loop antenna having
a linear conductor which is bent to form concavo-convex
portions within an antenna plane,
10 wherein each loop antenna is placedwithin a same antenna

plane and is placed such that the loop antennas are staggered

not to overlap within the antenna plane.

3. A loop antenna system in accordance with claim 2, further

15 comprising:
a feed control means for implementing the feedings to
each loop antenna such that the feedings do not overlap in

terms of time.

20 4. A wireless communication system, comprising:
a loop antenna having a linear conductor which is bent
to form concavo-convex portions within an antenna plane; and
an antenna coil whose antenna plane is facing
perpendicularly with respect to the antenna plane of said
25 loop antenna;
wherein wireless communication is implemented between
said loop antenna and said antenna coil by way of an inductive
electromagnetic field.
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y"10% & ()-10% & ()-10% & ()-",

10% & ()-10% & ()-L 10% & () - 1EbEI EEEFNFAEdY: #- 10% & ()-!10% & () -
10% & ()- 10% & ()-10% & ()-310% & ()- NFFF7GqGGGaBdY: / 10% & ()---
10% & ()-,- 10% & ()-!4(#10%\H & ()-& 10% & ()-F% 10% & () - G HaHHHHHHHA YNC
10\ 10\ 10\810% & ()-6 10% & ()-4 10% & () - 3-

10% & ()-F1"10% & () - H J3Ji JpJIJdEYNC

10% & ()-,910% & ()-s10% & ()-310% & ()-L"10% & () -,

10% & ()-' J"K] KKKLTLaBYNC ! 10% & ()- "10% & ()-s- 10% & ()- 10% & ()-
10% & ()-!>"10%\& ()-yTLLLLSM/MWEYNC ,, 10% & () - s*

10% & ()-("16% & Wir@lesh ofimuyichidios Syt erAcHmpr-INNMNYNNIEYNC
610% & ()-410% & ()-.&310% & ()-Y1l 100 & ()-/ .

10% & () - & 10% & (?-wqm&’béyswmm}&i‘%?}nrﬂ}w Qf loopantenna,

Tovse () 16ae 198 ahmte) FRrioids JArPen B R e pent
y#10%1H&' §) - ! td086¥Mm (Qonddbidid dnveit Poriddon)s- ¢ Otien (@n hhtenn'a plane, and
10%4H& () - : RORRRUBASWSAEDC 9- 10%4& () - , ' 10%4& () - L*

10%4& () - ( 1@@@&' (lpomefm&npp- &sd&gw@wd@mm@mﬁ;m&qnn@mane
1008 10 (e et b B SN o JEIDIL) aggoren
1096& () - 1098&t( ko@REE dp witHd e MNOAfiHa @THE ; LHA& () -

an antenna coil whose antenna plane is facing

10 perpendicularly with respect to the antenna plane of said
loop antenna system;

wherein wireless communication is implemented between
said loop antenna system and said antenna coil by way of an
inductive electromagnetic field.

15
6. A wireless communication system, comprising:

a loopantenna systemhavingapluralityof loopantenna,
each loop antenna having a linear conductor which is bent
to form concavo-convex portions within an antenna plane, and

20 each loop antenna being placed within a same antenna plane
and being placed such that the loop antennas are staggered
not to overlap within the antenna plane, and said loop antenna
system having a feed control means for implementing the
feedings to each loop antenna such that the feedings do not

25 overlap in terms of time; and

an antenna coil whose antenna plane is facing
perpendicularly with respect to the antenna plane of said

loop antenna system;
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105 105 1056- 109%%& ()-S10%& ()- 10%& ()-!'Ls 109%5& ()- VWWMWNWMAB] @
10H10%& ()-!'V 109%5& ()-3 10%& ()-3s&l0%& ()-3 | 10%& ()-
109%& () - WAXXXAYQYZ} <) _@ 10H! [ (#109%%5& () - (#109%& ()-!'[" 109%B5& ()-4S
1096& ()- 109%B& ()-!>"109B5& ()-ngWeZzz77ZZaVK@ 10H 105 105
105f 8109 & ()-6L10%& ()-4 10%& ()-L9310%& ()-! (#109%5& ()-Z[ U [[\D dEVK@
10H 10s 10% & ()-, 10% & ()-L"lo%&' ()-F
10% & ()-10% & ()-y1l0% & ()-Dig\\\\'] c] dEVK@ 10H 10

10% & ()-10% & () - whd¥i&k wirelBik&dnmidP8a% {dn iE0UnS] énefit bl IHetWEHEVK@
10H 10" 10% & ()-Y% 109 & () - #10N & ()-!z10% & () -
10% & () - 10%ad'q )lowantéathWK@emanMMa&t(e)rm coil by way of an
10% & () - &310%& -Y1Z 0% %{ &"10%n & ()-22789 : p " "bC
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