13 February 2007 TITLE OF | NVENTI ON LOOP ANTENNA, LOOP ANTENNA SYSTEM AND
W RELESS COMMUNI CATI ON SYSTEM 5 FI ELD OF THE | NVENTY ON Thi?akBBﬁP&&?@o7
relates to a wirel ess conmuni cati on system for exanple, suitable tor use
in wreless comunications with a small-sized communi cation device such

as a tag device at a relatively short distance by way of an 10 inductive

el ectromagnetic field. This invention also relates to a | oop antenna system
as a conponent of such a wireless conmunication system This invention
further relates to a | oop antenna as_a conponent of such a wreless

communi cation system 15 BACKGROUNU.IGE FNAENFEEN I n the inventory
control of products such e id or. corpagty dipss), it is
expected to identify, byﬂég?ngﬁgﬁNﬂérDi rgafb rggbency ﬁ%entlfication)
system 20 the presence of vigepepegduchsmon CRMrduisraMi 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 anten is installed on a product shelf on which 25 the product is

pl aced. Typically, the shape of HE antenna is

substantial l'y rect anggxkﬁé ﬁaytéhewani el By &g 2 The rb&ekad Ll Soad Mn

exanpl e, an integrat clrcui
system, for example, suitable for wuse 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 freguency 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



1 13 February 2007 conprising a thin, small filmantenna coil, and
communi cates wth the product shelf | oop antenna which is,&Fggﬂkhggogp

t he product shelf by way of an inductive electromagnetic fie y~ usl ng
the antenna coil. 5 However, for a better comunication by way of the

i nductive el ectromagnetic field, it is desirable to place the antenna

pl ane of the antenna coil of the ICtag card in parallel, or at least it
is necessary to place it obliquely, wth respect to the antenna plane of

t he product shelf | gop.10 antenna h. that. _th . possi bl BHHB

magneti c quxescoﬂﬁ?%glggéié ﬁ@fa%%%fgf%hf€ﬁ§t6§6%3§§l£héﬁ??ngp an%%ﬁﬁgi
cross the ant eppenptrRepphahhe @Hé@@nioéglbntghhé wﬁiQ%CQ%SQddiaﬂﬂgﬁ on
antenna pl anes of the bo?h | oop antennas are perpendicular to each other,

extrenely smal | tinepredsicdf sayhétyiwa ¥ bixaes ibBuchtieoesebect hemapyes utffict laht
communi cation cannot be done. In the case of a cube having a relatively
| arge size in PengthndwiBenaBianAgi §Rilsuch as a package of a video

product, g IS easy fo,atLachan 1.C §ag cardotR SURN 33 s DaLLomy face

of the cube, the surface reh™wil I” be” paral e pro

when placed on iheuPfoductisbelbmabiR¥RYer fiell,t e Gasgelfiamubaedaing a
small size in length, wwdth and héight such as a case wapping a

product or DVD pheductenna tpland yrfi ¢aled wndiehhiacubti 1t ofathachC amad Cdmd) itro
the bottom face of_the cube which will be parallel with the product shelf,
25 since the | P&y tatd 9% &1 Lepat bt deér NECTSFEdIeboor 2t ot id s /

size. A need h%ﬁiéﬂifégbéé¥ één%%%ngﬂ%gggaaplane of the product shelf loop

10 antenna, suchthat themost possible numbersof magnetic fluxes
which are generated from the product shelf loop antenna cross
the antenna plane of the antenna coil. This is because if
the antenna planes of the both loop antennas are perpendicular
to each other, extremely small numbers of magnetic fluxes

15 intersect thereby sufficient communication cannot be done.

In the case of a cube having a relatively large size
inlength, width and height such as apackage 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 cubewhichwill 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



product inventory control by an RFID systemwherein an IC tag card can be
attached to a product, even to such a small 2 13 Februarngﬁggma ogyet -
SUMVARY OF THE | NVENTION In order to solve such probl ens, oop a tenna of
the 5 present invention is characterized in conprising a |linear conductor
which is bent to form concavo-convex portions within an antenna plane. In
addition, a |loop antenna system of the present invention is characterized
in conprising the steps of 10 preparing a plurality of the I oop antenna of
claim1l1, placin egch | oop antenna within a sanme antenna pl ane and pl aci ng
the | oop antenngg BEh that the | oop antennas are staggered not to overlap
within the antenna plane. The | oop antenna system of the present invention
is 15 further characterized in that the | oop antenna systemof claim 2
conprises a feed control neans fsumixgp eoentamgrtitenteedi ngs to each | oop
antenna such that the feedings do not overlTap in terns of tinme. In
addition, a wirel ess ERrRifeE &0 §ﬁl§?sﬁ’éﬂhcﬁrfmlbem%20 %ﬂ@@@n@ntﬁvéﬁW%ﬁlh%

h t d t, th f
antenna of ‘bl ai NP OREanP B LGR; GG neySPRRIIRaY a7 CHE g neE fy LA
preparing an ané@ﬂ&é‘ct&?'v}hl\mpf@b@ﬂttecfﬁ@omn%da%dl%ﬁ%}[a bpendhewan i

with respect to the antenna plane of the | oop antenna or Toop antenna 25
system and i npagnentéengawpilehess comruni cati on between the

In 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 to the antennaplane of the loop antenna or loop antenna
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.



| oop antenna or | oop antenna system and the antenna coil by way of an

i nductive electromagnetic field. 3 13 February 2007 BRI EF1:?E§WaPJ§W OF
THE DRAWNGS Figure 1 is a plane viewillustrating a schematic
configuration exanple of a | oop antenna according to the first enbodi nment

of the present invention. 5 Figure 2 is a plane viewillustrating a
schematic configuration of a prior art |oop antenna. Figure 3 is a
schematic diagramillustrating a configuration exanple of the main portion

of a loop antenna system according to the second enbodi nent of the present
10 invention. Figure 4 is aPSlREmRBSCREERENGH 1T DRAREIGS exanpl 6 of
attaching an 1 C tag Is an, be.used i_n the: fir nd, e i S
of the present inven??%%pr 5 I E%HégﬁggééwCﬁﬁ&EggﬁgigﬁéF%hﬁgg%%ggqg
EVMBODI MENTS  ( Apohifigt rariedi aeahp A8 cdndadopeiit Sind BecRireSen to Ryent i 05
will be now described in an exanple where a | oop antenna, |oop antenna

system and wi r epebeddamminiodattinen pyyestaath accormlingnt o the 20 present
invention ate applied_for the | pop an | oop, _ant enna  syst em and

enna, .
Wi rel ess cofmuni cati oﬁl§3‘}§?e% fof &n P}L@net G- ar 41 LR AL IR LEBAT i9g T T Hnd
operati on of theohissh,aFhad mBnG 25 Al thalioh, yardaus, shapes of | oop
antenna can be use I'n the present i nvention, Phe''s ape of the | oop
antenna shown Figure 3 is a schematic diagram illustrating a
configuration example of the main portion of a loop antenna
system according to the second embodiment of the present
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 DETATLED 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



in Figure 1 is used as an exanple in this enbodinment. This is a conponent

which is equivalent to the aforenentioned 4 13 February 2
shelf loop antenna. In Figure 1, a | oop antenna 10 has a sﬁ%éf%ﬁ%?ggﬁé7
sawt oot h-shape in its entirety and has feeding points, points Pl and P2. 5
More specifically, the |l oop antenna 10 conprises a long straight |ine
portion LP which elongates substantially straight in the direction of the
arrow X, a short straight |I|ine portion TP1 which is at an angle of 01 with

respect to the Ioag str ig&t | ine portion LP and shorter than the [ong 10
strai ght |ine pBFPPBATLBRCHH 12%8hA 34 ght |ine portion TP2 which is

at an angle of 0 3 w¢ ?ﬁ?ﬁ%@iff)érfhé$0£ﬁtéﬁﬁ§!gﬁthagi%eéﬂgéﬂéﬂkﬂ}ﬂﬁﬁnd

at an angle of 0 2 wit espect t'o the ong straight Iine portion LP a

has appr oxi mat ekjwsasehl-engple i@ tishenshpety sindhghtt dddiegpotihes, fRlints
wherein an acute angle 15 portion TGL which is formed by the short straight
line portions F¥PlapddPEP2, and acute angle portions TG 2, TG 3 and TH

each havi approxi mately sanme. sh as . the acute angle . portion TGL are
Stcceed: ng T the opplSTEERE TR Dhib tHEelabh GRESRPRoL ROTAICHERE § 191 he
feedin oint P t | esp 015 - (Walel] :
approxI mately sais et oo e cpafrany o Ohnih VRGEes AR
sane. | n additisbtraabhboughthdediepesicpodnttind dheoacul & Anghe pardigns

(such as TGl) is four times (concave portions
line portion TPl which is at an angle of 61 with respect to

the long straight line portion LP and shorter than the long

10 straight line portion LP, and a short straight line portion
TP2whichisatanangleof 0 3withrespect tothe short straight
line portion TPl and at an angle of #2 with respect to the
longstraight line portionLP and has approximately same length
as the short straight line portion TP1l, wherein an acute angle

15 portion TGl which is formed by the short straight 1line portions
TPl and TP2, and acute angle portions TG 2, TG 3 and TG4 each
having approximately same shape as the acute angle portion
TGl are succeeding in the opposite direction of the arrow
X to the vicinity of the feeding point P2.

20 Although the anglesf1, 02 andf# 3 are indicated
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 TGl) 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



25 are three) in Figure 1, they may be nore or less than four tinmes as
occasi on demands. However, preferably the repeat count is i ce.
In Figure 1, the | oop antenna 10 has a two-di nensional 5 1§Pé§%%€g?3&%%o7
shape, and the plane of the |loop antenna 10 is an antenna plane AS. In a
practical inplementation where the |oop antenna 10 is installed such as
beneath a product shelf, a placing 5 surface which is the obverse side of
t he product shelf and on which products such as a CD case 21 shown in

Figure 4 are placed (it . s,desiirable that the material_ aof. the placi.n
Surface  1's ot “PREC rmrbA APENRIERY RAIted R HagEr TR (1CIAF 0 i Ehna
materi al which hsagaShky nmagnetized) is parallel with and 10 al so stay

close to the antenna plane AS. Therefore, it is desirable to decide the
repeat count of the atotz pragteipeitiopseméstiehias Wiiie acltorbhay drddrime
| ength of I engthwi se direction of the product shelf (which is typically
the direction i h® ¥WhiEhsuthe@sSERR TP kareadh 3 PrpdEeh)shabt | A mHiasing

enbodi ment ,x t he Enciple.that _t I e i ST el |y
W th an antenneeor e enpliblats e SR PO R lRy ob TRIBREREHLIE R
use of so-call egh Wi ipreqRl ctgmaneti epfdpid (arRRgm in FRYALY 4 are
magnetic field). It 1is known that the strength of the el ectromagnetic
field in 20 an phavedi(ve isd @esLoahdpditiac thehdtequalofthe péagahgesurface
inversely proportional to the square of the distance from an e|lectrical

mi crodi pol e to Hf Whseamidrpbt htWhirl WRsikbakes a magnetic field nor a

material which is easily magnetized) is parallel with and

10 also stay close to the antenna plane AS. Therefore, it is
desirabletodecide the repeat count of theacuteangleportions
{such as TG1l) according to the length of lengthwise direction
of the product shelf (which is typically the direction in
which such as the CD case 21 is placed).

15 In this embodiment, the principle that the loop antenna
10 communicates wirelessly with an antenna coil embedded in
anICtagcard20 (seefigure4) istheuseof so~calledinductive
electromagnetic field (among it, mainly magnetic field). It
is known that the strength of the electromagnetic field in

20 an inductive electromagnetic field equals to the value
inversely proportional to the square of the distance from
anelectricalmicrodipole toanobservationpoint, 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



considerably rapidly as the distance increases (this change is slower than
that in the electrostatic field but rapider 25 than in the 4 pghRihBo07

field). Assum ng that an electrical mcrodipole is the | oop antenna 10 and
an observation point is the antenna coil of the ICtag card 20, it is

necessary that the filmloop antenna and the | oop antenna 10 should 6 13
February 2007 be considerably close each other in order to communi cate by
way of an inductive electromagnetic field. The sizes in thickness, dianeter

and w dth of tg%? :Jr%’}}%gigﬂe%]%W%tl%rse“‘%iagﬁx %ﬁégr‘fl et 80P @@tcf‘c!?rﬂnﬁr:argli%baaéeeb t

specifically € ‘materi al near conduct or e an

material whi ch wopduet sn el ggbet evky el Beeremalneta dretiad1guch as copper or
silver is used. I'n addition, it can be coated wth a thin insulator |ayer.

Al t hough the confi gurkié enzek ithehliCknegscaddaRetenmndeidehvdr thed inear

configurations, as_an example, the use of the existing product whi.ch.is
thought to be APt whigh 1IEs thspleRAPSATNG A2 ﬁe%oﬁéP&Pvf%ﬂFﬁélﬁfhe

number of 13 NS afieed drhQORa2REEANACKD dr gprs[%eélhﬁ%@ﬂ&se?srcagg Pk LS

product is a rectangul ar spiral having mi e nunbers of turn

pl ane. I n sendinfg &t MBkvhfilcdntbhaubespe patenD@i 49, Hife fdy G PEbrmetal whcent
CTis fed to flowin the direction of arrow X as shown in Figure 1, a

magnetic fi el d greomamdicWasitly dhe samsstha Implaghisl taineh i nitt varndibee copdgd
fromthe backside to the obverse 20 side of the antenna plane is generated
inside of the | a thin insulator layer.

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 l0, 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



and a magnetic field in the direction fromthe obverse side

t o backsi de of

the antenna plane is generated outside of the | oop, obeyi

ri ght-handed screw rule. This occurs simlarly at the | onggg%‘?gllaé%tm??
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. Wen the magnetic field crosses the

af orenentioned antenna coil, the si gnal which is sent from
2007 the loop an na 10 s receive ag.car
hand, when the %ﬁ e ?\%Pc%n “Brt E(lg Il% ta el%ae"rdd]D OQSI]gendI(t

7 13 February

ot her
%%llm ghal to

the above mentioned r@safd Hther hahd, p@ﬁéhbcll?e ety idoh it B@ tB@HS’C dagpal
at a communication 5 circuit (not shovvn) of the |oop antenna 10 depending

on the el ectroratd e $ends ageapl atsidiratl the:Hoapoartmemai dledwiadept ipn,

crossing its magnetic field. Needless to say, the detection

and

i dentification ®f lﬁr@$%bb%e§icgh‘éﬁﬁﬁﬁéymr§9 ¥ SHEMH TR COMEGHHE Bt
d d 0
ecode cirauit 3{‘4;}({91216 se & Oc{lﬂn Ctoefd hb 15% t xﬁtgﬁﬁg' g cﬁ’e?ﬂu&?& 1&% c?rf&%lﬁ?

but not shown. uct nventory contro

product 21 Showé&f&@@tfvé fdhee Qféﬂ&rﬁt&i dithenheepb¥p $hesaha MRy me.n fyor
exanple, a CDtitle or an ID assigned to each ICtag card (identification

i nformati on of WherbEstiag iﬂﬁmqm@ﬁiCTﬁEJt@ag@ﬁdl@Sﬂ)tor:‘ﬁ@oesélaﬁidle)tefQ"}Iqun
figured out why the communicatjon with the antenna,coil havin

per pendi cul ar

ant enna,

10

15

20

25

Al edfe RS A 4P r 8dpetchet FHY prodiet sHeff %Iog‘d:p by a

demodulation circuit or decode circuit which may be connected
to the feeding points Pl and P2 but not shown.

In the case of the product inventory control of the
CD product 21 shown in Figure 4, the content of the reply
signal may be, for example, a CD title or an ID assigned to
each IC tag card (identification information of the IC tag
card).

The reason is not necessarily fully figured out why
the communicationwith the antenna coil having a perpendicular
antenna plane with respect to the product shelf loop antenna,
which was difficult with a conventional loop antenna shown
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
lines in Figure 1 and Figure 2 (i.e. there is no current which
generatescrossingmagnetic fluxinthevicinity of the antenna
coil FA). On the other hand in Figure 1, because a magnetic

flux MG 1 which is generated obeying the right-handed screw



which was difficult with a conventional |oop antenna shown 20 in Figure 2,
was made possible with a |oop antenna 10 of this enbodine Qﬂﬁﬁy it
is conceivable that the reason is as follows: In Figure 2?§anDst 2297
magnetic flux crosses the antenna plane of an antenna coil FA which exists
per pendi cul arly above the paper surface and is shown by dashed 25 lines in
Figure 1 and Figure 2 (i.e. there is no current which generates crossing
magnetic f lux in the vicinity of the antenna coil FA). On the other hand

in Figure 1. begcguse g RONGLLG, Jbe MR MLGRoKS (908! Ahedy QRN 4e

ri ght-handed scréw ruary rulfe”rn € shown's

conmponent in thenh&nHdReti®niellhermaonaicp AhekAnafid bedseer eRteMeedlh
crosses the antenna <coil FA Needless to say, it should be understood

that, by using c&ilhBAlLoop antenna 10 of this enbodi nent, the wreless
comuni cation with the IC tag cardwhich includes a filmantenna coi

having an antenna pl al@SPararI &b S6 -obl iR M PR 1edpettood date Eﬁp‘bﬂ"fh‘?
pl ane AS can betﬁeggelocﬁ? deseld ed&%)o £ .t%i%cee%BﬁﬁﬁéﬁgﬁggHQ' At onsscan

i
10 be done with't antenna coirl ( avi ng an antenna

per pendi cul ar wedihmti£$B8€H oharithet At eR gy P4 2ARhEAR) i 1ddes a lfaom At enna
(10) as well as an antenna plane parallel or oblique with respect to the

ant enna pl ane (&S}l havingeoraabhernawlana hagadieddeneitl igquesyitbirafpeohn
the directions of 15 placing t he nutualg%'facin antennas (10 andFAin this
exanpl e) are |ESstBRJ2PAGEENE RilgREr 2 &8s t3P1%: attained than with

As described above, since wireless communications 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
obligue with respect to the antenna plane (AS), in accordance
with this embodiment, restrictions on the directions of
15 placing themutually facingantennas (10andFAinthisexample)
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 perpendiculaxr

antenna plane, which was difficult in the prior art.

(B) Second embodiment



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 CEP boéyze
in length, width and height, for exanple, a case wapping a 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 communication such that wrel ess communi cations can be 25
done even with the antenna coiI (FA) having a perpendicul ar antenna pl ane,

whi ch was di fficult ignthecpLgb;atl chBk Sa59ad WRIe A3 ety sy

2007 Only the points t ron1those of the tirst enbodi ment

be descri bed bekmpodiReht GQQUI@@r@@sarﬁﬁuh(ngﬁ@wjon of the second
enbodi ment 5 Aconfiguration exanple of the main part of a | oop antenna

system 30 of this enbodiment is shown in Figure 3. In Figure 3, the |oop
ant enna system 30 rises | oo ant nnas 10A and_10B, a feedin rtion
31 and T eedi ndScon PNt SaRFeGLengand 1@?%@@«%&5%%%%%%&%%@%% Te
simlar ones as the Lo 0 [ e o (g%}ggﬁ
seen in Flgure 3, th%sgﬁn&yqﬁﬁg}éhﬁﬁéméygf%1ﬂ§£%§¥§%gare SO plg at
they are staggesgdteint Bonod same phdrelisush tinatsiden peipigefetBe acute
angle portions TGL - TG do not overlap 15 each other and the antenna pl ane

of the |oop antenna 10A Rghre e dheeheep pirdrenof syisddmgdp eemenhaesORep e

substantial l'y antennas 10A and 10B, a feedingportion 31 anda 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
peint 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 feeding control
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



common. The feeding portion 31 is connected to feeding points, PlA and
P2A, of the loop antenna 10A and to feeding points, 20 P1 t he
| oop antenna | OB through the feeding control circuit 33. B??Egrdf%%g (I)(?])ig
control circuit 33, the tinme of the feedings fromthe feeding portion 31
to the | oop antenna 10A and | oop antenna | OB can be staggered not to
overlap. Therefore, according to this enbodinent, the feeding 25 to the

| oop antenna 10A and the feeding to the | oop antenna 10B are inplenented

alternatively, S oop, ant epnas 10A an 10B b GONe ef

2l tornatively. WERThISECont ERIAT e 5 L AaTHe T v Poopeant ERhRLE AP
February 2007 3Rfcand 49BesidnfduthRiteAakelinke BPSEiy RAd1® L.ady! ahhoBso
about antenna sizes and out puts defined by the dio Law, and also the
reliability of tbmmlrablbmtpanf b@mnmmzeﬁsﬂcbmcmmabenglcreammmammaﬁEg

first enbodinment. 5 Making two | oop antennas 10A and | OB effective
al ternatively |§0eEUP‘v'aP§nﬁhleo HigSt SAPOHHE™n vy one | oop antenna exists

at the sanmgstine, theﬁﬁf(?hgut{xﬁo' Sloo%\” QUS o 1 g% pu%rln; SZ%@%Z:?%Fyeﬁ%hleve

observe the regul ations a ant enn si'zes and

Radi o Law t han ébgegaselweggels1@qamaaahena@sméefé@éet@$£ eshiyeomd 1dep
sane tinme. In addition, although the reason is not necessarily " clarified

why the reli abidﬂﬂt?noﬁ esnwusi eqt kb ehmehé isesornderedfivodi nent icamibeious
hi gher than that, of (e Lhrst embodiment,  [L b Mahjy [ikely that, in, the
sizes and outputs defined by the Radio Law than the case where
10 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, inthe first embodiment, themagnetic

15 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

20 reliability.

More particularly, it is conceivable that the reason
is as follows: If the magnetic flux densities are gpatially
non~uniform, normal communicationcanbedone inahighdensity
area but often cannot be done in a low density area. On the

25 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 cne loop antenna

(e.g. 10A}) is low can be matched to the area where the magnetic

11



15 flux densities are spatially non-uniformdue to the nutual interference
of the magnetic field generated fromeach portions of the 10,
whereas, in the second enbodinent, the magnetic fl ux densﬂ%?ggﬂgﬁgge@ﬁ

uni form zed and also nmaintained at high level, which may |ead to a higher
20 reliability. More particularly, it is conceivable that the reason is as
follows: If the magnetic flux densities are spatially non-uniform nornal
comuni cation can be done in a high density area but often cannot be done

in a low densit e 2,.1,he, 2 t a i a e I

ant ennas 10A an%l?%ééeﬂggF%gsgaﬁggs g%%@ gg%ppg%%gﬁnguﬁﬁ'¥ﬂa{&? ggséﬁgﬁ“
staggered, theapdeanehers tige Magyabtecl lfWaxdensdd ¥t bys osen! @ep mardeig,
(e. g. 10A) is low can be matched to the area where the magnetic 11 13
February 2007 ¢¢mplewasied dyd thusdtienaboepiantknndeheigies0B) the spagte
and thereby the pagnetic flux densities can be_ nutual conmpl ement ed and

|
thus the magnetYECFRUkYdRhsFEesOPR #RECRPAEC! 04 @RAi 1§B of2R Hee [kl high

antennas | QA anﬁnlgﬁé'ﬁneHQiKEQk.high 5in their entirety. As described
above, according to the secon nbodi ment, the equivalent effects to the

effects of the first rsbiedigreiied §BBvEe Aldaidiaty tbiadditbaa enibbdideent ,
second enbodinment, the reliability 10 of comrunication can be higher than
the first enbodiemguivalente eddeditts bassuehfastswpahs hiestdaiddiaient

Exanpl e 1 can be attained.

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
Atestwasconductedwithanexperimentaliymanufactured
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 anglesfil, 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



A test was conductedw th an experinentally manuf actured 15 Ioop antenna
10 according to the first enbodinment. A |oop antenna of the g
Figure 1 was formed by using a surface-coated copper wre % nm i n |aneter
as a linear conductor. The long straight line portion LP was 125 cm the
short straight line portions TP1 and TP2 were 20 both 30 cm the angles 01,
02, and 03 were all 60 degrees. This |oop antenna was placed on a surface
of a 1-cm thick wooden product shelf board, and then it was covered wth

a2 mm thi ok opm.poLyst g Engasnogha ANdeLeadi 00 Bkl eca ofobAfu Es e

| oop antenna were connécted to & feeding dévice

the side face oing@@lna@oﬁageorébemf@ﬁ@rmtdpwé le@chagcwaﬁgattbnéh@s@ﬁ:
shown in Figure 4, were arranged at random positions on the foam
pol ystyrene sheas ot S mriodbem sieglef riaar dutandotedypowet haaswd edvitioch 12

13 February 2007 _the qu&ﬂgntenna and a test was conducted for reading
the informatioff5EoteY T3AF HTF C WTe mlAFIE Puly. WIgR %%nmer%go‘{%t

48 of themgere rﬁﬁgﬂg@éraf@éf%&?ghg %%fﬁ%tm 3151.] e?@{lﬁe?ﬁtg%fgg flip T e

al so read out en t were nove cmin par Frection in

Figure 1 on theosuthacexp@hdbhepeipan nolarda ene sheet. Details of the
ICtag used in this test are describe bel ow. The antenna coil was forned

by attaching a 35-m thetkilgtdgpedd ithm teednénsuniaceest arsQiesmnrtifieck
pol yet hyl ene tggﬁgpthalate fil mmanufactured by Toyobo Co., Ltd., product

The antenna coil was formed by attaching a 35-pum 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 tagq.
In addition, the feeding device used herein was
20 manufactured by Marantz Japan Inc., product name, “ICWI00F”.
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.

13



nane, "PETA-4300", and then inplenenting wet etching using ferric chloride
solution. The nunber of turns of the antenna coil was 9, R&%E' of
the antenna coil was 45 mm and 15 the short side was 16 n%?g$he §?§§ was
formed by nounting an IC chip manufactured by Philips Japan Ltd., product
nane, "I1-CODE", on the antenna coil. 50 IC tags sane as this were

manuf actured and i nformation was stored in each ICtag. In addition, the
feedi ng device used herein was 20 manufactured by Marantz Japan Inc.,

product nane, "1 Q00K (J}B§n£gﬁﬂé§gﬁgﬁyégquéﬁggggﬁgggfl&g@@iﬁﬁpégeépe

feedi ng contr ol CirCUIt]BB descri I'n the secon ment .

experinent al exanplgl &ned et heaskhd d8sStacdefres Nakoy e hdssxuweddbhepmadusit ty
of the first enbodinent. 25 Exanple 2 A test was conductedwi th an
experinental | y ahrdfabearddsuibophaht haalsystam Sonas ceerde ngt2ogehed seednd

enbodi ment. 13 _13 February 2007 Two | pop antennas sane _as_jn the Exanple
1 were preparedFﬁﬁﬂ?kﬂ%EgdjﬁhaFHEﬂﬁﬁﬁl%%Pﬁ%ﬁ?%ﬁTﬁlriEﬁﬁﬁﬁF&thﬂﬁﬁﬁig%

product shelf Qggﬁdogpgg'tggySBQ%PE%QPF$%§ﬁ3?S§hMBre staggered and the

poi nt of the acute angle portions ot overlap 5 each other,
as shown in Figure 3.5560cGD-s886$, tboecaathodf whhlickh ssane IC Hap &S im die
Exanple 1 was attached, were arranged on the surface of the wooden product
shel f board at Faa@ehepbsias aridaciirgy aersadivagnasskonngbecandfiscedort THee

result Wastrmuwgﬁéeg%fga&cegkgﬁ%%mardatrandompositions,thenaxeading

test was conducted. The result was that all 50 of them were
10 read out.

The experimental example and the reading test
hereinabove assured the validity of the second embodiment,
and a higher reliability than that of the first embodiment.

Moreover, although the loop antennas 10, 10A and 10B

15 each having sawtooth-~shape were used in the aforementioned
first and second embodiments as mentioned above, the loop
antenna of the present invention is not limited to this shape.

For example, the aforementioned long line portion LP
can be bent as same as the acute angle portions TGl - TG4,

20 and the acute angle portions TGl - TG4 can be bent at right
angles or bent smoothly in a sinusocidal waveform 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

14



10 read out. The experinental exanple and the reading test hereinabove
assured the validity of the second enbodiment, and a hi ghgs eLehi-gPbbdt Y
than that of the first enbodi ment. Moreover, although the [oop antennas 10,
10A and 10B 15 each havi ng sawt oot h-shape were used in the aforenmentioned
first and second enbodi nents as nentioned above, the | oop antenna of the
present invention is not limted to this shape. For exanple, the

af orenenti oned long Iine portion LP can be bent as sane as the acute angle
portions TGL - cyte rtions TGL - TG4 can be bent
at right anglesggéyb%%g gﬁggéﬁﬁfﬁigkatggﬁkgéﬁgé%U§£Veforn1instead of being
bent at acute angl es.mbhedddit i SDchakhopgh tdsp rwHemaef (Lemnsnaf 108§ dwop
antenna 10 was one in the first enmbodinent, it can be two 25 or nore.

Furt her in addibéamniired bad gopeanbapaas U0H aad 18Be dvef enant HfdErti ve
alternatively in the second enbodi nent, nore than three | oop antennas can
be made effective suchCERAESS110 132 eblhihf L PRITE 1O MR RRE SEF e o

terms of figre. ABLPONEEioALINHAN AR |,R0R, A0L oA (1108r AL bEBUILR sihth

conbi ned had s apes, they can have apes. ess to say,

this invention ganvbgeappkbaabke be TrARRIIERH e totdiRid tdsvénvent ory
control of the product such as video products or CD product nentioned

above. As described ab®viescaddetiangvee admepiigseht thevenesent invention,
the reliability of communication can be increased, and the

flexibility in such as the placing directions of facing

10 antennas can be increased.

15



the reliability of comunication can be increased, and the flexibility in
such as the placing directions of facing 10 antennas can i 15
13 February 2007 CLAIMS 1. A wirel ess communi cation systeE?Fggﬁ%ffgﬁﬂg: 5
an el ongated pl anar | oop antenna having an input at one end, one side
conductor extending substantially linearly on one side of the |oop from
the i nput throughout the Iength of the | oop antenna and an opposite side
conductor which is bent to forma plurality of concavo-convex portions
toward 10 and away fromthe one side conductor fromthe input throughout
the length of the I oop antenna within the plane of the |oop antenna; and
an antenna coil whose antenna plane is facing perpendicularly wth respect
to the antenna plane of said 15 |oop antenna; wherein wreless

comuni cAMS i s i npl enented between said | oop antenna and said antenna
coil by way of an inductive electromagnetic field. 20 2. A wreless
conmuni cation system conprising: a |loop antenna system having a plurality
of eIong@tqg £61§gsloqﬁ%antenna each | oop_antenna having an input at

one end," one &1 et CHhdTRTE &%F ehdf ngY SubEt antT&f t 5 P¥hearly on one side
of the | oop faomeidhesitpatplhnguohevh theehaaghhvapgofart hevdu@opandenna and
an opposite side conductor which is bent to forma plurality of
ConCavofﬂﬁhveQD%Oﬁﬂﬁ§n§QQ§M%ﬁPr extending substantially linearly on

one side of the loop from the input throughout the length of
the loop antenna and an opposite side conductor which is
bent to form a plurality of concave—convex porticns toward
10 and away from the one side c¢onducteor from the input
throughout the length of the loop antenna within the plane
of the loop antenna; and
an antenna c¢oil whose antenna plane is facing
perpendicularly with respect to the antenna plane of said
15  leoop antenna;
wherein wireless communication is implemented between
said loop antenna and said antenna coil by way of an

inductive electromagnetic field.

20 2. A wireless communication system, comprising:

a loop antenna system having a plurality of elongated
planar loop antenna, each loop antenna having an input at
one end, one side conductor extending substantially linearly
on one side of the loop from the input throughout the length

25 o©of the loop antenna and an opposite side conductor which is
bent to form & plurality of concaveo—convex portions toward
and away from the one side conductor from the input
throughout the length of the loop antenna within the plane

cf the loop antenna, and each loop antenna being placed

-16-



and away fromthe one side conductor fromthe input throughout the |length

of the I oop antenna within the plane of the |oop antenna, ?€ p
antenna being placed -16 13 February 2007 wthin a sane é%?g%ﬁ% ?gﬁg and

bei ng placed such that the concavo-convex portions are staggered within

t he antenna plane; and an antenna coil whose antenna plane is facing 5
perpendicularly with respect to the antenna plane of said |oop antenna
system wherein wireless conmunication is inplenented between said |oop
antenna system and said antenna coil by way of an inductive

el ectromagnetic field. 10 3. A wirel ess comunication system conprising: a
| oop antenna system having a plurality of elongated planar |oop antenna,
each [ oop antenna having an input at one end, one side conductor extending
subst ant¥atin | pnearey a5 gmaneglange aoid thrindopléesdh sheh i@t tHroughout

Lhe 1 onableeloLhe,doop 2nlenng, and. an L0apasile Sldengandugloruiieh 1S
bent to forma plurality of ‘concavo-convex “porti ons oward and away from
t he one siales comnetict or fromthe i nput throughout the length of the | oop

antenna within the plane 20 of _the | oop antenna, and each | oop antenna
bei ng pl aced 2™ t APt e SameCant enftd!3%ne22h8 Bei nP 1A e ed 1Such* 3 FEt9 t he

CoNCaVvo-CoORYex1 RAF1d ONg anenstaggered Wt hife t heranhenng 4 pkane, &pd;said
| oop antenna system having a feed control
loop antenna system;

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

10
3. A wireless communication system, comprising:

a loop antenna system having a plurality of elongated
planar loop antenna, each loop antenna having an input at
one end, one side conductor extending substantially linearly

15 on o¢one side of the loop from the input throughout the
length of the loop antenna and an opposite side conductor
which is bent to form a plurality of concavo—convex portions
toward and away from the one side conducter from the input
throughout the length o©of the loop antenna within the plane

20 of the loop antenna, and each loop antenna being placed
within a same antenna plane and being placed such that the
concavo=-convex portions are staggered within the antenna
plane, and said loop antenna system having a feed control
means for implementing the feedings to each loop antenna

25 such that the feedings do not overiap in terms of time; and

an antenna c¢oill whose antenna plane 1s facing

perpendicularly with respect to the antenna plane of said

loop antenna system;

-17-



means for inplenmenting the feedings to each | oop antenna 25 such that the

feedings do not overlap in terns of tine; and an antenna ?QkhbﬂﬁﬁiEOOT
antenna plane is facing perpendicularly with respect to the antemha pl ane

of said |oop antenna systeny -17 13 February 2007 wherein wreless
comuni cation is inplenmented between said | oop antenna system and sai d
antenna coil by way of an inductive electromagnetic field. -18

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

inductive electromagnetic field.

18-



