27 MARCH 2007 ANTENNA APPARATUS BACKGROUND OF THE | NVENTION 1 ﬁi Ig g%
the invention [0001] The present invention relates to an antenﬁ% égﬁ Pa%s
for carrying out non-contact data communication with a tag provided with an
antenna and an I C chip including a menory through an induction field, and

particularly to a gate type ?ﬁﬁfﬁﬁﬁ%aﬁﬁﬁﬁﬁkﬁﬁsi” whi ch two ant ennas havi ng
e

the sanme shape are arranged to

opposite to each other. 2.

Descri ption of

the Related Art [0002] A non-contact RF tag is fornmed of a coil antenna and
an 1Cchip having a built-in nonvolatile nmenory, and has attracted

code in a

Systom | PSR Y ChAE FREEE RO Ch an' ant enna apparat us generat i ng an

induction field is carried out by wreless. In the non-contact tag as

stated abovdighihQf ERpwERVeRLEPPY for an I C chip operation

is extracted

fromthe induction field generated by the antenna, a battery is not needed.

[0003] A |oop df%Hnla is used for the antenna apparatus, and

vari ous

antenna shapes are fornmed according to its use nethods and pl aces.
: The present invention relates to an antenna apparatus

for carrying out non-contact data communication with a tag

provided with an antenna and an IC chip including a memory

through an induction field, and particularly to a gate type

antenna apparatus in which two antennas having the same shape

are arranged to be opposite to each other.
2. Description of the Related Art

[0002]

A non-contact RF tag is formed of a coil antenna and an

IC chip having a built-in nonvolatile memory, and has attracted

attention as a recognition technique substituting for a bar

code in a system in which data communication with an antenna

apparatus generating an induction field is carried out by

wireless. In the non-contact tag as stated above, since a power

supply for an IC chip operation is extracted from the induction

field generated by the antenna, a battery is not needed.

[0003]

A loop antenna is used for the antenna apparatus, and

various antenna shapes are formed according to its use methods

and places.



1 27 MARCH 2007 [0004] A gate type antenna apparatus in which Eyﬁ geﬁggﬁps
havi ng the sanme shape are arranged to be opposite to each ot her 4

used for an automatic read apparatus at a conventional security gate for
preventing shoplifting or at conveyer transfer, or for a read apparatus for
war ehousi ng anﬁ '43i ng managenent of articles, or the |ike. [0005] The
gate type anterna apparatus used for such objects is requested to read the
non-contact RF tag in g detection zone, w@ich.is i.nt er posed bet ween gates,
i ndependent of & t2210sFYPEn AERIG (ARRITAUSNED (IS i saPTePBafeal i ze
this by a restricted radio wave output wthin radio |law regul ations. In
order to hapting Fhendame hars arsr JrFangedio bencrresatenie sash °5R8EI i fting
preventing systemusing a radi o wave, various configurations of gate type
ant ennas hesvbepaeis ¢ dpFsen . awrtmmatehargiad, appatateamt aoporeenegonal
figure-of-eight type antenna shown in FIG 6 has a configuration including
t wo | oop sEwtenitgs gdbé afuk 1pZelawnitiga hehephefshage @n ake cameepkeane, and
by feeding reverse phase currents (currents flowin the directions of
arrows) twrdnsfersspecfovea keafsapedeatusnbgnehirehovs idey aad sibepping

approxi matively cancell ed out at a renote place which becones problematic
in the ra@dindgement egulatt Idbes ANGr byhéhl ske.

[0005]

The gate type antenna apparatus used for such objects
is requested to read the non-contact RF tag in a detection zone,
which is interposed between gates, independent of its position
and direction, and it is necessary to realize this by a
restricted radio wave output within radio law requlations. In
order to satisfy the contradictory requests, in a conventional
shoplifting preventing system using a radio wave, various
confiqurations of gate type antennas have been proposed. For
example, an antenna 100 called a figure-of-eight type antenna
shown in FIG. 6 has a configuration including two loop antennas
101 and 102 having the same shape on the same plane, and by
feeding reverse phase currents (currents flow in thedirections
of arrows) to the respective loops, electromagnetic fields can
be approximatively cancelled out at a remote place which
becomes problematic in the radio wave regulations, and by this,

an output higher than that of a single loop antenna can be

injected, and consequently, the induction field of the



an out put higher than that of a single |oop antenna can be injected, and
consequently, the induction field of the 2 27 MARCH 2007 det ec® MAREH2807 n
the vicinity of the antenna can be intensified. Besides, in US Patent No.
4,243, 980 and US Patent No. 4,866,455, an expansion type antenna of such a

figure-ofy %O%Jo(%ry BSPeaﬂ& %ﬂ%‘%iémﬁ%é}? I0¥SEHle andQP6], c‘é‘ﬁ‘%eevfhtehg 155*1%0?6‘56

where t he ur e-o pe antenna con uration or

on- cont 25 REeq iUk, ﬁﬁn@o-“?v%% é. e dls P e e Ay at BB pfnae
currents conmes into eX| stence_w dely according t.o the rection of the
non- cont &t ‘F‘?P?%@lorén&}'?ﬁer%n'f%n%achbesé’rﬁl} hat ftlf‘?é‘rreecﬂfes?lg REnt¥BE be

sufficiently satisfied. That is, as showmm in FIG 7, in the case where the
non- cont ALENa akf HBGOPosite to the plane of the antenna 100, the
out puts of radio waves are cancelled by an intersecting portion of the
antenna, and d Of®-Idetection regi on 104 cones into exi stence. However,
since the conventional tag for preventing shoplifting does not include an
| C chip and nemswevieas anfulnetiase wiedettdet fogeybéngekigieacefeéighe coil,
as conpared with the non-contact tag requiring an output higher than a
certain itjiRngidteriea 2 ifiguar de dheidL Shpanside tepecisoappemsyti vity
is very high,

to the gate type antenna apparatus of the non-contact RF tag,

a non-detection region due to the reverse phase currents comes

into existence widely according to the direction of the

non-contact RF tag, and there is a problem that the request

can not be sufficiently satisfied. That is, as shown in FIG.

7, in the case where the non-contact RF tag 103 is opposite

to the plane of the antenna 100, the outputs of radio waves

are cancelled by an intersecting portion of the antenna, and

a non-detection region 104 comes into existence. However, since

the conventional tag for preventing shoplifting does not

include an IC chip and merely has a function of detecting the

existence of the coil, as compared with the non-contact tag

requiring an output higher than a certain intensity so as to

operate the IC chip, the detection sensitivity is very high,

the non-detection region is very narrow, and a problem in

practical use does not arise.

SUMMARY OF THE INVENTION



the non-detection region is very narrow, and a problemin practical use
does not arise. SUWMARY OF THE | NVENTI ON 3 27 MARCH 2007 [0007P7MH8CHﬁ@§ént
i nvention has been made to solve the foregoing problens of the prior art,
and an object of the invention is to provide an antenna apparatus in whi ch

a non-detectiog 6§2ion Is made mninmumw thin the regulatory limt of
radi o wave radi'? and satisfactory communication over a wde range is
enabl ed. [0008] . In order to.achieve the ab ve obj

eg# according to the
present inventiBhe & SHRENnANYSRAQUsIASMNFeRs BadS r 5P %ﬁ’li%gm Fhgsenbl y

and a second antenna assenbly arranged to be opposite to each other, and
carri es oftRTPFALBRENPEOPLIGREA O dRINPEAPF oA Tki-t ANH AR a0PdPFtert dlFi s
characterized in that each of the first and the second antenna assenblies
i ncl udes imvéntion dssceongroxyide ran amdeanowdppasateandsn avhaabedto be
adj acent to each other on a substantially same plane, and the antenna
appar at usncorpetses ionnreglionedss ragte amint inodrh i wgth$o thet regulerttosryf | owi ng
to the first antenna and the third antenna have phases reverse to each
ot her, curigit of radidgwate tddiserond aad eand s@ad tHdrgy tommuh iaatdm have
phases reverse

over a wide range is enabled.

[0008)

In order to achieve the above object, according to the
present invention, an antenna apparatus comprises a first
antenna assembly and a second antenna assembly arranged to be
opposite to each other, and carries out non-contact data
communication with a data carrier, and is characterized in that
each of the first and the second antenna assemblies includes
a first, a second, a third, and a fourth antennas arranged to
be adjacent to each other on a substantially same plane, and
the antenna apparatus comprises control means for controlling
so that currents flowing to the first antenna and the third
antenna have phases reverse to each other, currents flowing
to the second antenna and the fourth antenna have phases reverse
to each other, and the phases of the currents flowing to the
first antenna and the third antenna, or to the second antenna
and the fourth antenna are inverted at a predetermined timing
corresponding to the data communication.

[0009]



to each other, and the phases of the currents flowng to the first antenna
and the third antenna, or to the second antenna and the fourth?2¥fBRAZ% e
inverted at a predetermned timng corresponding to the data communi cati on.
[ 0009] 4 27 MARCH 2007 As stated above, since the reverse phase currents

are always made, to_flow, be n the first an he third antennas. _and

bet ween the sec%%dséﬁge?h%g¥§§(t%l§ﬁ e%ﬁgs,e%?%?%appﬁsFocufﬁgnC5h§gﬁiional

figure-o %gt tg&e antenna, r.adio ve _radiation_at renot e pl ace
@rf

f-ei .
becomes nEATATPARG thet 1 BRTASER dihe fitRiueiidon b £hdTen SPEERRAE ni ty of
the antenna can be intensified. Besides, since the phases of the currents
flowing @pdthrtyeerthmsannndmnd ke Hovd thesteRnas dmide Ly &l
antenna and the fourth antenna are inverted at the predeternined timng
corresponthagcpovensigagd dorgnre-caf+ohght atrpe- dettennaon radionweme ng into
exi stence in the vicinity of a position where the antennas intersect with
each ot heradsat tonptepenerot € rp a g bacdntasemnonmndret, exnd darthe égitensdary be
renoved. [0010] Besides, it is preferable to provide inductance addition
means f orofdsh nindiict helkict bate efubBhet viaimityabfi tHechaneanabetwede t he
second antenna and the third antenna.

intensified. Besides, since the phases of the currents flowing

to the first antenna and the third antenna, or to the second

antenna and the fourth antenna are inverted at the

predetermined timing corresponding to the data communication,

a non-detection region coming into existence in the vicinity

of a position where the antennas intersect with each other is

complemented in time and the non-detection region can be

removed.

[0010]

Besides, it is preferable to provide inductance addition
means for adding an inductance equal to a mutual inductance
between the second antenna and the third antenna.

[0011]

By doing so, mutual couplings between antennas, which
occur in the case where the four antennas are arranged
adjacently, are cancelled, and power feeding to the antenna
apparatus can be efficiently carried out in any phase

condition.

[0012]



[0011] By doing so, nutual couplings between antennas, which gfﬁz\gchgzﬂépe
case where the four antennas are arranged adjacently, are canc ,

power feeding to the antenna apparatus can be efficiently carried out in
any phase condition. [0012] 5 27 MARCH 2007 Besides, it is preferable that

the control ne LQyi des. 1 gqn?@ it ference between fhe
first antenna agéssg%%%ngtnﬁg g%;‘eg:a(;%nlgg gﬁ gnna §8glgtr ﬁy’&gil%%?%f%esdoi ng
so, a rotati ng igductioa f'held can be generated in g r%gi og bet ween t he
first and®tRESIBEGHULAReRAESEs SrECH AR t b Beldpfbs PRE SR %ach
ot her, and conmunication with data carriers existing in all directions in
this regi d3SeBALY bandakheedesond poseRPa BSSLLY each of the first, the
second, the third, and the fourth antennas is a substantially rectangul ar
| oop antenna, BEM3hey may be arranged so that sides of adjacent rectangles
become substantially parallel to each other. BRI EF DESCRI PTI ON OF THE
DRAW NGS FI G 1By sldiniy sek airagredmrshenwdngtilon Gheld camdis ganevated
in a region between the first and the second antenna assemblies
arranged to be opposite to each other, and communication with
data carriers existing in all directions in this region can
be carried out.
[0014]
Besides, each of the first, the second, the third, and
the fourth antennas is a substantially rectangular loop antenna,

and they may be arranged so that sides of adjacent rectangles

become substantially parallel to each other.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the whole constitution
of an antenna apparatus of the present invention.

FIG. 2 is a view showing a structure of a first antenna
assembly.

FIGS. 3A and 3B are views showing states of currents
flowing to antenna assemblies under phase conditions of a
pattern 1 and a pattern 2.

FIG. 4 is a view for explaining mutual inductances

between respective antennas.



of an antenna apparatus of the present invention. FIG 2 is a view showing a
structure of a first antenna assenbly. FIGS. 3A and 3B are vi e%Mé\ﬁS\WHQQ
states of currents flowing to antenna assenblies under phase conditions of
a pattern 1 and a pattern 2. FIG 4 is a view for explaining nutual

| nductances =~ betyeer §espeeLl v 4N £0nas: o627, AW hpH Ralp @ View
pling clanp ed to the ant

showing a state in which a cou I's "ad an na assenbly.
FIG 6 is a view show ng a conventional .figure-of-eight type antenna. FIG
7is a vidwd Edex‘b‘f\é\%lh?n@“‘éeﬁ%b?éfhe W¥he prior art. DETAILED DESCRI PTI ON
OF THE PREFERRED ENMBODI MENTS g0015] Hereinafter, the Eresent invention wll
be described of IGhé& Bis? ¥IGW ShoydNhectoRBBHLRBALsI19BBE6PL-ELERY i s a

vi ew showi ng the whol e constitution of an antenna apparatus of the present
i nvent i orkYH®OGIWenht enna assenblies 10 and 20, each of which is forned

FIG. 7 is a view for explaining a problem of the prior

art.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0015]

Hereinafter, the present invention will be described on
the basis of illustrated embodiments.

[0016]

FIG. 1 is a view showing the whole constitution of an
antenna apparatus of the present invention.

[0017]

Antenna assemblies 10 and 20, each of which is formed
of four substantially square loop antennas arranged on the
substantially same plane, are arranged to be opposite to each
other.

[0018]

FIG. 2 shows a structure of the first antenna assembly
10.

[0019]

The first antenna assembly 10 has such a structure that

a first and a third antennas 11 and 13, in each which both end



of four substantially square | oop antennas arranged on the substantially
sane plane, are arranged to be opposite to each other. [0018] 2FMARCH 2009ws
a structure of the first antenna assenbly 10. [0019] The first antenna
assenbly 10 has such a structure that a first and a third antennas 11 and
13, in each which hoth end 7 27 MARCH 2007 ortions of a coil bent like a
subst ant ipé%q‘&/’-%rtﬁjgrfeal%lplQ‘Fé’ﬁelé%?e%(fqot?sb‘}ﬁ‘gtjsﬁjog¥aﬁﬂ‘?%¥?;lQPeE}ts Bfoi nt  of

a side of the substantially square shape in parallel wth each other along
a cent er 954aNd kG ah&ubstanddaddy gentdhneeidd O £ neidhi A tWie cuit
15, are arranged on the sane plane and at opposite sides of a term nal
connect e ubs ttant imltlshisgpaie ehapel3n padgaldiati wathy eaghsodded @ddng fourt h
antennas 12 and 14, in each of which both end portions of a coil bent I|ike
a subst amt cahtgr lsijiatewhadptisd ape sexdecand famecanneesteaint o & mptcdringy poi nt
of a side of the substantially square shape in parallel wth each other

al ong a ednicerid 19§ drayvardahlgedosit Thdes and e < andest eppdsid the BAHR NQ
circuit 16, are arranged on the sane plane and at opposite sides of a

term nal ogonpeekefih@ 1l NeoMRESHEAT toCl £16&ll mat@hidnfl &urEhee, 1412 hhngst

antenna 11, the second
similarly, a second and a fourth antennas 12 and 14, in each
of which both end portions of a coil bent like a substantially
square loop shape extend from a substantially center point of
a side of the substantially square shépe in parallel with each
other along a center line toward the outside and are connected
to a matching circuit 16, are arranged on the same plane and
at opposite sides of a terminal connected to the matching
circuit 16, and further, the first antenna 11, the second
antenna 12, the third antenna 13, and the fourth antenna 14
are arranged in this order on the same plane such that sides
of the substantially square shapes are adjacent to each other.

[0020]

Similarly, the second antenna assembly 20 has such a
structure that a first and a third antennas 21 and 23, in each
which both end portions of a coil bent like a substantially
square loop shape extend from a substantially center point of
a side of the substantially square shape in parallel with each

other along a center line toward the outside and are connected

to a matching circuit 25, are arranged on the same plane and



antenna 12, the third antenna 13, and the fourth antenna 14 ar rran eg in
this order on the sane plane such that sides of the substanti aﬁf@'%"‘%’o 7
shapes are adjacent to each other. [0020] Simlarly, the second antenna
assenbly 20 has such a structure that a first and a third antennas 21 and

23, i h i d ti i ik iall
couare | ag oS OO ER ol R i Hla? fiheOERl LhTRH WA Y |\
substantially . quar e sgage i.g ﬁir al lLel w tg ea(gh th_er al otn ac er line
toward t fd* é raffli9ar tMtoRhedred SFERIARENT n‘ﬁo%"f’flhﬁ’f 13%r%” arr anged
th I d. 8 27 NMA 2007 t it id f term nal
oonnect o8 M2 noLRAHA R§ BPLER PosB BAPTAGRE 9F SaCOLL R ard e { ourt h

antennas 22 and 24, in each of which both end portions of a coil bent like
a subst aft sabslangialdy| sopasadnerahanre prsend 5ueBtamubataptiadder poi nt
of a side of the substantially square shape in parallel with each other
al ong a center podiatt ofardstide odt $ihge sulpsd aatd addimessivad- e ¢hapmtiohi ng
circuit 26, are arranged on the sane plane and at opposite sides of a
t er m nal paradldeledith @adieothbea hgngiar centei d irendovartdhehe duts ifde st
antenna 21, the second antenna 22, the third antenna 23, and the fourth
antenna 3atdaaeeacbangededn tbhas mardering clitevwdane ) alre audanddimtorsi des of
the substantially square shapes are adjacent to

the same plane and at opposite sides of a terminal connected

to the matching circuit 16, and further, the first antenna 21,

the second antenna 22, the third antenna 23, and the fourth

antenna 24 are arranged in this order on the same plane such

that sides of the substantially square shapes are adjacent to

each other.

[0021]
In addition to the foregoing antenna assembly 10, the

antenna apparatus includes a microcontroller 31, anoscillator

32, a transmitter 33, a receiver 34, distributors 35, 36 and

37, a phase inverter 38, and matching circuits 15, 16, 25 and

26. The microcontroller (control means) 31 is connected to a

higher-level equipment such as a personal computer, and drives

the antenna assemblies 10 and 20 on the basis of signals from

this higher-level equipment. The microcontroller 31 controls

the oscillator 32, generates a modulation signal in accordance

with a signal from the higher-level equipment, and outputs it

to the transmitter 33. The transmitter 33 modulates a carrier



each other. [0021] 1In addition to the foregoing antenna asserrb%%M;_\QCthlag7
ant enna apparatus includes a mcrocontroller31, an oscill ator

transmtter 33, a receiver 34, distributors 35, 36 and 37, a phase inverter
38, and matching circuits 15, 16, 25 and 26. The mcrocontroller (control

Comput er Vi HYIELed HEX S Bhfa CHSaE 0e. 1D ShatDs SRHG Bast B of
signals from_ this higher-1level equipnment. The m crocontroller 31 cont rols

the osci MPesugatamn @‘éﬁé‘ta&t QY tRULSES §FPB‘nt§?g‘HJa‘Fr‘PﬁoﬁE€8H§ﬁcé WRBfl a

signal fromthe higher-level equipnment, and outputs it to the transmtter
33. The OEaSTRtasera3ITDGMISSAOTn ShgRpr FHEY mwzgglomfai/hg@@lputted
fromthe oscillator 32 on the basis of the nodul ation signal outputted from
t he m cr oudiplurtdldder £8dm i geamsmitsed tIAnisi skistir Bhwed . byhethe

transm ssion signal outputted fromthe transmtter 33 is distributed by the
di stri butddst3Fturdrhe sditet tihleutdds t3G a1t 186 phasaehadrdss iB8eride

transm ssion signal inputted to the distributor 36 is distributed to the

out put ofygt.hehaet e8hH9i €6 160ididra TaMmattsd tdoothbedisestibardrt Be i&ird
antennas 11 and 13 of the first antenna assenbly 10, and the output of the

g}at chi ng g5ttt 2Pt 6 HHE BLR P ultO0 E Nend aticrady Ehechiitr s & fdase@1 and 23
to the first and the third antennas 11 and 13 of the first
antenna assembly 10, and the output of the matching circuit
25 connected to the first and the third antennas 21 and 23 of
the second antenna assembly 20. The phase inverter 38 is
controlled by a phase control signal outputted from the
microcontroller 31. After the phase of the transmission signal
inputted to this phase inverter 38 is inverted, the signal is
distributed by the distributor 37 to the output of the matching
circuit 16 connected to the second and the fourth antennas 12
and 14 of the first antenna assembly 10, and the output of the
matching circuit 26 connected to the second and the fourth
antennas 22 and 24 of the second antenna assembly 20. The
signals received by the first antenna assembly 10 and the second
antenna assembly 20 are guided to the receiver 34. A
demodulation signal is outputted from the receiver 34 to the

microcontroller 31, and a predetermined data processing is

carried out.

[0022]

10



t he second antenna assenbly 20. The phase inverter 38 is contraolled by a
phase control signal outputted fromthe microcontroller 31. Af?éN&WE¥¥W§se
of the transmi ssion signal inputted to this phase inverter 38 is inverted,
the signal is distributed by the distributor 37 to the output of the

matching circuit 16 _connected to the second and the urth antennas 12 and
14 of the fi rstF%ﬁ;\ter?(ﬁa s:;l%%‘éﬁblay $6atgndPt hEVSEERTE o%f‘?‘ﬁéngnaft%hit § circuit

26 connected to the second and the fourth_ antennas 22 and 24 of the second
ant enna FERATYLYD. axhennasghdl £9 kbi vRdeby at phasier Songhileld adseénbly 10
and the second antenna assenbly 20 are guided to the receiver 34. A

denodul atfaditerynht ard AEPutIREHPW 2 hetakeepfepunenpst feowing to

m crocontroller 31, and a predeterm ned data processing is carried out.
[0022] l1lGhY nvREcRDOF artindA Ehovws héstmderoé phasentsndibwongoffo the
respective antennas 11 to 14 under a phase condition of a pattern 1, and
FIG 3B shpatterst atEirmobothrcesds, fllvcng rentst Bkowespenkl ¥eraoteonas 11 to
14 under a phase condition of a pattern 2 (in both cases, the currents fl ow

in the digredd s ) OfuridOVEhe piKies ddved Phasks CoOndaty %@t%ragy PRkt er ns,
the currents of phases reverse to each other flowto the first antenna 11
and the th by efPapids e 8NfesbPEbakby cadie AMEMIDW to the first
antenna 11 and the third antenna 13, and similarly, the currents
of phases reverse to each other flow to the second antenna 12
and the fourth antenna 14. Under the phase condition of the
pattern 1, the currents of phases identical to each other flow
to the second antenna 12 and the third antenna 13, and the
currents of phases identical to each other flow to the first
antenna 11 and the fourth antenna 14. On the other hand, under
the phase condition of the pattern 2, the currents of phases
identical to each other flow to the first antenna 11 and the
second antenna 12, and the currents of phases identical to each
other flow to the third antenna 13 and the fourth antenna 14.
That is, under the phase conditions of the pattern 1 and the
pattern 2, the currents flowing to the second antenna 12 aﬁd
the fourth antenna 14 have the phases reverse to each other,
and such phase inversion is carried out for every unit of data
communication (however, the timing of the phase inversion is

not limited to this). Here, although the phases of the currents

flowing to the second and the fourth antennas 12 and 14 are

11



of phases reverse to each other flowto the second antenna 12 anﬂléth
fourth antenna 14. Under the phase condition of the pattern 1, 2{ E'rzroghts
of phases identical to each other flow to the second antenna 12 and the
third antenna 13, and the currents of phases identical to each other flow

to the fi,rst .antenna 11 and the fourth antenna 14. he qther hand, under
e phasd AT orf i PRABSHaPEeF RS TR T o L0t e 2R FeARRcal 't o
each other flowto the first antenna. 11 and the second antenna 12, and the
current s O SRddek apdennasal 1t andadh ma¥nke $PvRFESIt nBes hfRd  aRPERKa 13 and
the fourth antenna 14. That is, under the phase conditions of the pattern 1
and the 3aiatpBpaexongict k@R dessummE et peYRES sqdwmRe sHraend 1920RAd the
fourth antenna 14 have the phases reverse to each other, and such phase

i nver si ons als@ys dd dlgref ,orldarughumnlyyftbat firsonnpenna | ans¢hbhgver , t he
timng of the phase inversionis not limted to this) . Here, although the

phases ofl0t hascheeandasctilosd pthio sddme sppdncsand the secohd amtennas 12 and
14 are 11 27 MARCH 2007 inverted, the phases of the currents flowing to

the firstasareshtlie20hi A6l satteabolt ,a89nde HiRY rewdridecphede BestdRcs under
any phase condition, the sumof the reverse phase current |oops is always

0. Here, ald dpyaPsalde therfdw BbtaRkanfRe 353OANG thik BAS rBepi Sesgsi bed,
the sane applies to the second antenna assenbly 20. As stated above, since
the reverge,pRass,CHhieHEBween the second and the fourth antennas 12
and 14, similarly to the conventional figure-of-eight type
antenna, radio wave radiation at a remote place becomes minimum,
and the intensity of an induction field in the vicinity of the
antenna can be intensified. Further, the phases of the currents
flowing to the second and the fourth antennas 12 and 14 are
inverted between the pattern 1 and the pattern 2 so that the
non-detection region appearing in the vicinity of the position
where the antennas intersect with each other is complemented
in time, and the non-detection region can be removed. Further,
when the currents flowing to the first antenna assembly 10 and
the second antenna assembly 20 are made to have a definite phase
difference (for example, 90°), a rotating induction field can
be generated in a region between the first and the second
antenna assemblies 10 and 20 arranged to be opposite to each
other as gates, and communication with tags (data carriers)

existing in all directions in this region can be carried out.

[0023]

12



are always made to fl ow between the first and the third antennas_ 11 and 13,
and between the second and the fourth antennas 12 and 14, siniFéMfﬁcﬁﬁophe
conventional figure-of-eight type antenna, radio wave radiation at a renote
pl ace beconmes mninum and the intensity of an induction field in the
vicinity of the antenna can be intepsified. Further, the phases. of the
Currents 11 ow M HnaneBEsAGCEISE B e HEtmteAREEn D2 Abd ith s
inverted between the pattern 1 and the pattern 2 so that the non-detection
regi on apiRRPARNGERHe 17 &5 Made 8k, .v he BHsia ] dhdutieanc e hetaacdnh he
intersect with each other is conplenented in time, and the non-detection
regi on ca#rdnd @pdpeama térankithe WhbndEantenna ddt &s masid Mg, t @ masupily st
antenna assenbly 10 and the second antenna assenbly 20 are nade to have a
def i ni t e jpirthsetandc¢ bertarwem thertkekadpEn e |13aandttdie dguintduahtennti el d can
be generated in a region between the first and the second antenna

assenbl i est 1k atie201,3r,r angednt indleécoppoei Haet boethé mothel esugatiay, and
comuni cation with tags (data carriers) existing in all directions in this

regi on cajr R@eLaho618b Pithe ahPOEBY abd b MARCH 290 e Aomtiu@lrédsﬁgébance

bet ween_the first antenna 11 and the second antenna 12 is made 2, a _
nut ual i neyet %C.epﬁﬁttm%nt&ﬂ%, §§ﬁ8@dtﬁ8tﬁﬁ’@ﬁaizcéﬁﬂliﬂe bbtideantgana 13 is

made M2, 3, a nutual inductance between the third antenna 13 and the fourth
anteénna  ¢jrst antenna 11 and the third antenna 13 or the fourth antenna
14, and between the second antenna 12 and the fourth antenna
14 is sufficiently low as compared with the mutual coupling
between the adjacent antennas, the mutual inductances between
these antennas can be neglected. Besides, since the shapes of
the respective antennas and the conditions of the neighboring
arrangement are equal to one another, the relation of M, , =
M,, = M;, is established.
[0024]
Here, the mutual inductance of the whole of the antenna
assembly 10 under the phase condition of the pattern 1 becomes
-M,, - M;,, + M, ;, = -M, and the mutual inductance of the whole
of the antenna assembly 10 under the phase condition of the
pattern 2 becomes +M, , + M, , - M, ; = +M. As stated above, between
the phase conditions of the pattern 1 and the pattern 2, since
the signs of the mutual inductances are different from each

other, matching conditions are also different from each other.

Accordingly, equal antenna currents can not be made to flow

13



14 is made M3, 4, and an inductance due to the nutual coupling gf th% whol e

of the antenna assenbly 10 will be considered (see FIG 4). At f NARCH Y

since the nutual coupling between the first antenna 11 and the third

antenna 13 or the fourth antenna 14, and between the second antenna 12 and
14 is sufficiently |ow as conpared with the nutua

the f t.h t I
coﬁpl ?ﬁgrg l'b@‘??@Etal?%ep%%?%c%ﬂ?dihﬂé’ﬁ’ﬁas, the mutual inductances between

t hese antennas can be negl ected. Besides, since the shapes of the
respective ant éh2%° hnd the conditions of the nei ghbori ng arrangenent are
equal to one another, the relation of M,,2 = M,3 = M3,4 is established.
[0024] Here, tHOSwtafalshoygudiaddé of°  FOWHING dF MRdeafirehRat &8€enbly 10
under the phase condition of the pattern 1 becones -M,2 - M,4 + M,3 =
-M and tmhetual valduatdusieabedwefen tdenferendoint éenant2@nd &d<seithliydl0 under
t he phase condition of the pattern 2 becones +M,,2 + M3,4 - M2,3 = +M As
st at ed alaovtseniet WBens tdelphsdebygordi¢owpbing thempatdter piddantlahbe pattern
2, since the signs of the nutual inductances are different from each

ot her, meddxhithigoe anehins st af efeat st di ¢desevt thom tleeh By h@bingAseor di ngly,
equal antenna currents can not be nade to flow 13 27 MARCH 2007 in both the
phase condid nRftrall @8daktance of the whole of the antenna assembly 10
under the phase condition of the pattern 1 becomes -M,,, - M, ,
+ 2M, , =0, and the mutual inductance of the whole of the antenna
assembly 10 under the phase condition of the pattern 2 also
becomes +M,, + M; , - 2M,, = 0. Thus, the mutual couplings are
cancelled, and the antenna currents can be made to flow under
the same condition in both the phase conditions.
[0026]
By doing so, the mutual couplings between the antennas,
which occur in the case where the four antennas 11 to 14 are
arranged to adjacent to each other, are cancelled, and power
feeding to the antennas can be efficiently made under any phase
condition.
[0027]
By using the antenna apparatus as stated above, even in
the case where communication with a non-contact RF tag (data
carrier) provided with an antenna and an IC chip including a

memory is carried out, a non-detection region is made minimum,

and the communication can be satisfactorily carried out over

14



Thus, as shown in FIG 5, coupling is made so that the nutual inductance
bet ween the second antenna 12 and the third antenna 13 is doub%UAWH 007
coupling clanp 40 (inductance addition neans) of a ferrite core or the

| i ke. By doing so, the nmutual inductance of the whole of the antenna
assenbly 10 .ynder the phase condition of the pattern 1 becones -M,2 - M,4
+ 2Me, 3 :aO","l‘gﬁdr?HQenut ual inductance of the whole of the antenna assenbly
10 under the phase condition of the pattern 2 also beconmes +ML,,2 + M, 4 -
2M2, 3 = 0. ThusfiO9PRBInutual couplings are cancelled, and the antenna
currents can be nmade to flow under the sane condition in both the phase
condi tions. [002%]desyr Hoetphyve t RCeriding douphian gatigange appayataift ennas,
whi ch occur in the case where the four antennas 11 to 14 are arranged to
adj acent ¢ elaehpoehent ansevn&nocal,l ethe amth-pbeeect ferdragioo tilse matteennas
can be efficiently nmade under any phase condition. [0027] By using the

ant enna app@imin Sy sh bih ot lesl radepiies t@verl imit idfe raskie waeke raddemtiicsgt i on
with a non-contact RF tag (data carrier) provided with an antenna and an I C
chip i nclagh nga®isFBERLYy! sofMuhiedtd¥n cade dshesined 6¢8iron widgede

m nimum and the conmuni cation can be satisfactorily carried out over 14 27
MARCH 200/ange.
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a w de range. [0028] As described above, according to the antenna apparatus
of the present invention, the non-detection region is made mnimumw.thin
the regulatory limt of radio wave radiation, and satisfactory 27 MARCH 2007
conmuni cation can be obtained over a wide range. 15 27 MARCH 2007 FIG 1
15, 16, 25, 26 MATCHING CIRCU T 31 M CROCONTROLLER 32 OSCI LLATOR 33
TRANSM TT. % 34 RECEI VER 35, 36, 37 DI STRIBUTOR 38 PHASE | NVERTER A TO

HI GHER- LEVEL™ EQUI PMENT B MODULATI ON SI GNAL C DEMODULATI ON SI GNAL D PHASE

CONTROL S| GNAy ¢ FUG, G TRANGH TEERLRBRLYER 10 27 MARCH 2007

31 MICROCONTROLLER

32 OSCILLATOR
33 TRANSMITTER
34 RECEIVER

35, 36, 37 DISTRIBUTOR

38 PHASE INVERTER

A TO HIGHER-LEVEL EQUIPMENT
B MODULATION SIGNAL

Cc DEMODULATION SIGNAL

D PHASE CONTROL SIGNAL

FIG. 6

TRANSMITTER/RECEIVER

16



WHAT IS CLAIMED IS: 1. An antenna apparatus conprising: a first,aH o7
assenbly and a second antenna assenbly arranged to be opposite to each
other,. for carrying out non- contact data conmunication with a data.
carrier, wherein each of the first and the second antenna assenblies
includes a first, a second, a third, and a fourth antennas arranged to be
adj acent WRAE B %@ﬁ%ﬁEBnlﬁ‘substantially sane plane, said first and third
antennas being nmutually coupled in parallel, said second and forth antennas
being nutually coupled in parallel and wherein the antenna apparatus
conprises control means for controlling respective currents flowing in said
antennas so thatAnsaindecnar eppsréton oignpoi ting:first antenna and the third
ant enna have phases reverse to each .other, said rrepts flomﬁnﬁ%io t he

second ant ennd anmd 1he® ottt 24 ™Shma ‘%eapﬁﬁg%égrggg?ggatSSaﬁ %t her,

and the phasasgdd td e dppeniite ftloowars behkbe Fbestaanyengacandnédie third
antenna, or the second antenna and the fourth antenna are inverted at a
pr edet er fFRER S Hatd CoMmSEGRdiing Hothhe dafa cedrmiBni cabrsfinzeasdh ant enna

appar at us,AceQL digfng 540 LAl Phd, sEHEhACGNceANRN I fghpinduct Alick,qddi fion
means for adding an inductance equal to a nutual inductance between the

second anfiEmta andseddrel,t i rohbrdendizd 2 fourth antennas arranged to
be adjacent to each other on a substantially same plane,
said first and third antennas being mutually coupled in
parallel, said second and forth antennas being mutually
coupled in parallel and
wherein the antenna apparatus comprises control means
for controlling respective currents flowing in said antennas
so that said currents flowing to the first antenna and the
third antenna have phases reverse to each other, séid
currents flowing to the second antenna and the fourth
antenna have phases reverse to each other, and the phases of
the currents flowing to the first antenna and the third
antenna, or the second antenna and the fourth antenna are

inverted at a predetermined timing corresponding to the data

communication.

2. An antenna apparatus according to claim 1, further
comprising inductance addition means for adding an inductance
equal to a mutual inductance between the second antenna and
the third antenna.

3. An antenna apparatus according to claim 1 or claim

2, wherein the control means provides a predetermined phase

17



3. An antenna apparatus according to claiml or claim 2, wherein the
control means provides a predeterm ned phase 17 27 MARCH 2007 24uWMAREH2AR%E
between the first antenna assenbly and the second antenna assenbly. 4. An
ant enna apparatus according to any one of clains 1 to 3, wherein each of
the first,. the second, the third,.. an the fourth enpas jS a
subst ant i%ﬁ%}?%%‘f%&b%‘f%‘?e‘i’o ea%%%ﬁﬁa?nt%?ﬁas?%%%ggﬁyaﬁpactﬁ? $8¢P8fgl es
are substantially parallel to each other. 18

antenna assembly.

4. An antenna apparatus according to any one of claims
1 to 3, wherein each of the first, the second, the third, and
théfourthantennasiszasubstantiallyrectangularloopantenna,
and sides of adjacent rectangles are substantially parallel

to each other.
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