2308 oo, T8 J:07, AL 015 348 100 M e o ot e MR ¢ i 2 '%”24/“27
a -

9004/ 027 200200821 -.8 ANTENNA APPARATUS BACKGRClJND ﬁlﬁ?@m

Field of the i nventi on [ 0001] The present invention relates to an antenna

apparatus for carrying out non-contact data conmunication with a tag

provided with an antenna and an I C chip including a nenory

t hrough an

I nduction field, and particularly to a gate type antenna apparatus in

whi ch two antennas having the sane shape are arranged to be opposite to

each other. 2. Description of the Rel at ed Art [0002] A non-contact RF tag

Is formed of a coil antenna 8 ?B‘N FARRmaving a built-in nonvolatile
entio

menory, and has attracted

n as a recognl tion techni que

substituting for a bar code in a systemin which data conmuni cation with
an ant enna appar at us gener ating an induction field is carried out by

Wi rel ess. BA&é m stated above, since a power supply for

an | C chip opera |on |s ex

romthe induction field generated by

t he anten aqFfEfgu fﬂeﬁé (#yghtH%%Qed [0003.] A loop antenna is used for

t he ant ennha appara
Its use mnet h0d5[0001]

vari ous antenna shapes are forned according to

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.
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[ 0004] A gate type antenna apparatus in which two antennas
shape are arranged to be opposite to each other has been
tic read apparatus. at a conventional security gate for

havi ng
used for

g shoplifting or at conveyer transfer, or for a read apparatus

ousi ng and shi pping nmanagenent of articles, or the I|ike.

[ 0005]

type antenna apparatus used for such objects is requested to read
ontact RF tag in a detection zone, which is interposed between
depend?gﬁogi Its position and direction, and it is necessary to

hi s by
ns

. f h di.
el s OE%EEI t&éeé%&&%&ﬁ%a&%@?&ﬁ? & §richaiH” shventod,
(i B g R e S R R U

stricted radi o wave output within radio | aw

[ OUS

has a
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transfer, or for a read apparatus for warehousing and shipping
management of articles, or the like.

[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 regulations. In
order to satisfy the contradictory requests, in a conventional
shoplifting preventing system using a radio wave, various
configurations 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 the directions
of arrows) to the respective loops, electromagnetic fields can
be approximatively cancelled out at a remote place which
becomes problematic in the radio wave requlations, and by this,
an output higher than that of a single loop antenna can be

injected, and consequently, the induction field of the
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becones problematic in the radio wave regulations, and by this, an output
hi gher than that of a single |oop antenna can be injected, and
consequently, the induction field of the 2 2002°01/15 TUE 14: 08 FAX 075 344
7166 4Aui( ) -4 DREW & NAPI ER 1006/ 027 detection zone in the vicinity of

t he antenna can be intensified. Besides, in US Patent No. 4,243,980 and US
Pat ent No. 4, 866,455, an expansion type antenna of such a figure-of-eight
type antenna is disclosed. [0006] -However, in the case where the
foregoing figure-of-eight type antenna configuration or its expansion type

2 non: det BRI PRGTINE 08 ReoT LT BF Shef fseeé’{a,%‘ﬁ R ey
Chere 1o Do a“ﬁé&a?a%@t?mu 45¢5h0 B5e Y befenf BPork APt oo,

That h th t RFt 103
i saoplpzm '?az‘ S?%\A%}’r?ia{‘]’ﬁ\ afr@%fé#\%méﬁlt e a;gf 0(‘?=1r S#f@%?[%% (,:§Q %(r:éi?'ﬂ? vv:ges

are cancelled by an i,n ct.ing portion of the antenna, and a
non- det ecﬁ"gzr?'\”égllﬁndiﬁﬁi%ﬁés into existence. However, since the
conventional ta Obghépreventi ng shoplifting does not include an IC chip

and nerely has tion of detecting the existence of the coil, as-
ed with tQe. non-cantact ta requ n qQut her than a
ggm[) Z,r n intensi BOVE¥EX, 10, % 'gﬁe case wher ‘er%rego?mgp :.gur -of-eight

type antenna configuration or its expansion type is applied
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 donventional tag for preventing shoﬁlifting 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
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gperate the 1C chip, the detection sensitivity 1s very high, the

non-detection region is very narrow, and a problemin practical use does
not arise. SUMVARY OF THE | NVENTI ON 3 2002 01/15 TUE 14: 08 FAX 075 344 7166
TAa' ( ) -4 DREW& NAPIER | 007/027 [00071 The present invention 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 which a non-detection

region is made mnimumw thin the regulatory |imt of radio wave

radi ation, and satisfactory conmuni cation over a w de range is enabl ed.
[0008] in order ot?p chi eve the above object, according to the present

I nvention, an art%® apparatus conprises a first antenna assenbly and a

second ant enna senbl%%arran ed to be osgposite to each other, and carries

out non-cont act aPT niBYengioni s, heen made ko §REves the

characterized in that ach of_the first and the second antenna assenblies
i ncl udes éozfgchtn,g aPrs‘létﬁlﬂ?, of t%er PTIf F G0 @ IMtBAREE 4% HhRd to  be

adj acent to each ot her gn a suhstantially sane plane, and the antenna
appar at us THRGOR F/ntPoPIRFIAS AR IWIRINA | RPRATRHNE hak WBACENtE {1 owi ng

to the first tenng and the third _antenpa have phases reverse to each
ot her, curtht tﬁ%"’ﬁg region is made minimum within the regulatory

limit of radio wave radiation, and satisfactory communication
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 ﬁo 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]
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to the second antenna an ourth antenna have phases reverse to eac
ot her, 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 timng corresponding to the data

communi cation. 10009] 4 2002 01/15 TUE 14: 08 FAX 075 344 7166 UDi( ) -->
DREW & NAPI ER U008/ 027 As stated above, since the reverse phase currents
are always made to fl ow between the first and the third antennas and

bet ween the second and the fourth antennas, simlarly to the conventional
figure-of-eight type antenna, radio waye radiation at a renote place
begomes m ni ?mmasg Baéﬁ‘é-ﬁﬂ?ﬂ‘fﬁrsisﬁpc%fthﬁnrﬁﬁﬁﬁﬁ?iBha?? SRR EHATH cinity
of the antenna can.,be i t%$§%fied. Besi des, since the phases of the

currents PIERYFgmads ¥4 tWREBnRBe htrtthandnthe Ehiedantennaso t he
second antenpa and the fourth antenna are inverted at the predeterm ned
timng Coﬁn&gﬁﬁﬁﬁﬁﬁ the mreopd ardohhe furthoAnteRnas n - s R T IN toegi on
com ng in%&foistence in_.the vicinity, 6 of a position where the antennas

i ntersect [FORYSRYIORalL Ta9ursnpsRighEdtyRe: AREeBAE. t KadABn YW@¥eect i on
regi on can

Besides, it ,is preferable to provide

e .renoved. [0010 , . )
i nduct ancgag&aitl"f’ﬁnat ﬁe‘é%@?%l’léﬁﬁil?ﬁc%ﬁ RiBEraRc andothe infeRsityual

i nduct ance . . . . L e .
cf an induction field in the vicinity of the antemna can be

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 cpming into existence in the viecinity
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]



2002 01715 TUE 14:08 FAY 075 344 7166 #A0v(F%) — DREW & NAPIER o @009/027
Bet ween the second antenna and the third antenna. [0011] By doing so,

mut ual 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] 5 2002 01/15 TUE 14: 08 FAX 075 344 7166 11,D() DREW & NAPI ER

1009/ 027 Besides, it is preferable that the control neans provides a
predet er mi ned phase di fference between the first antenna assenbly and the
second antenna assenbly. [0013] By doing so, a rotating induction field

can be generat ed a regjon between the first and the second antenna
assenbl iges arrﬁﬁ@éae?o %g'%gﬁﬁg?{"%b}%té‘éé‘ﬁqﬁﬁ@tr%ﬂeéﬁmﬁi"ééﬁson with

data carriers gmstln nall directions in this region can be carried

out. [001#] P*B §t&@lg%§cﬂh%?et%f¥?’r’%ﬁce thRFRaAde EHESENAREEDAAd  t he
. L T v s L e W
parallel to each08£9er BRI EF DESCRI PTI ON OF THE DRAW NGS _
By doing so, a rotating induction field can be generated
in a region between the first and the second a.ntenna assemblies
arranged to be opposite to each other, and communication with
data carriers existing in all directions in this region éan
be carried out.
[0014]
Besides, each of the first, the second, the third, and
the fourth antennas is a substantiaily rectangular loop antenna, |
and they may be arranged so that sides of adjacent rectangles

become substantially parallel to each _oth.er.

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 1s a view for explaining mutual inductances

between respective antennas.
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s a di agram showi ng the whol e constitution of an-antenna
apparat us of the present invention. FIG 2 is a view show ng a structure of
a first antenna assenbly. FIGS. 3A and 3B are views show ng states of
currents flow ng to antenna assenblies under phase conditions of a
pattern 1 and a pattern 2. FIG 4 is a view for explaining nutual
I nduct ances between respective antennas. 6 2002 01/15 TUE 14: 08 FAX 075
344 7166 Uol() DREW & NAPI ER 1010/027 FIG 5 is a view showing a state in
whi ch a coupling cl arrp i s added to the antenna assenbly. FIG 6 is a view

show ng a conven n t e, antenpa. Fl ) | a vi ew for
expl ai gl ng a prgh r‘r?d‘? é‘eﬂrﬁ%ﬁ ‘FA'T'E PF?GF

PREFERRED ENMB 015L Her ei naftim,) t he present inventlon wi'll be
descri bed i¢h @ ofREPPRe; ASEERP odi ments. [0016] FIG 1is a

vi ew showi ng t he whole constitution of an nna_appar at us_ of, the present
i nventi on. ?001f)16. 61s a VJI.eW sS'xoer]_ng a conven EJ".cmal P:ll.)gure-of-elg P

type antenna.
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 ﬁhole 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 oppdsite 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 1_;hird antennas 11 and 13, in each which both end
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Ant enna assenblies 10 and 20, each of which is forned of four

substantially square | oop antennas arranged on.the
are arranged to be opposite to each other. [0018] FIG_ 2 shows a

pl ane,

@011/027

substantially sane

structure of the first antenna assenbly 10. [0019] The first antenna

assenbly 10 has such a structure that

afirst and a third antennas 11 and

13, in each which both end 7 2002 01/15 TUE 14: 08 FAX 075 344 7166 lhal() -
DREW & NAPIER i 011/027 portions of a coil bent |like a substantially
square | oop shape extend froma substantially center point of a side of the

substanti al |

in parallel with each other along a center |ine

. h
toward t h8°5%f§$%?€rﬁgﬂ}qzﬁgb88ﬁrf‘e’&%& sEPEtIRk I Yy sTepFe Jiqop shapee

arranged on_.th ane plang and at posite sides of a term nal connected
§ EFOR,r, Suks f

to the maPEhER

taphal

12 and 14

i PeRter PoiRte i ansidefefr theant ennas
I n_each f which bpth end portions of a cqoil bent |ike a
subst ant i 5}1*?,133121&1{5}1& Is&ﬁlﬁ‘r?nﬁgapﬁx%%r&@ﬁdﬁlawéﬁbsﬁ%ﬂ other atepgr

poi nt

of a side of .the substantially square shape in parallel with each other
along a c@r?te&telriejn’e“? ﬂﬁﬁﬁdﬁﬂ’@y uk +%%35H@pr£r‘é°ﬁ’g?ﬁ*e%‘l g 2 mateh#mgchi ng
circuit 16, arge ggr’g}_gﬁe% on th satrgaegl ane .and r?éaoppom te sides of a

t erm nal %‘B‘Tﬁ%ﬁ

ame plane a t opposite sides

Eranged o
of a terminal connected to the matching circuit 15, and
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 shape 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 secénd 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 bem.: like a substanti.ally
square loop shape extend from a substantially center point of
2 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
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circuit 16

TUE 14: 08 FAX 075 344 7168 140 (%) — DREW & NAPIER

and further, the first antenna 11, the second antenna

012/[]27
12, the

third antenna 13, and the fourth antenna 14 are arranged in this order on

t he sane plane such that sides of the substantially square shapes are

adj acent to each other. [0020] Simlarly, the second antenna assenbly 20

has such a structure that a first and a third antennas 21 and 23, in each

whi ch both end portions of a coil bent |like a substantially square |oop

shape extend froma substantially center point of a side of the

substantially square shape in parallel with each other along a center |ine

toward t he outside and are cgonnect ed ag a matching circuit 25, ,are

arranged 8% CRPOSIE PiLdRE Qhd2 Fe3B¥R 1F?BH‘F8E9§4t68tFﬁXWG’F5h3!!H 7166

1D(O -' DREW & | ER Q12/02 at opposjte sides of. a term nal connected

to the naF&FFH@th$$) q& f&mléﬁazgr %é#%P éngeﬁdﬁﬂu%ﬁhi%fqﬁﬂ5ﬂ§h 3ntennas

22 and 24 each_o ot h end portions of _a cojl|  bent

subst ant i Qppyﬁqué‘r gaFgo‘#ﬂ?&r&ﬁg botR mp PSFF&"E%U%# BnfPht Ihf'ntcent‘ér por nt

of a side_of the substantiall uar araIIeI wi t h_each ot her

along a c@n?‘ét?s"ﬁ’htelat Fﬂ“?ﬁé ldﬂ’t ﬁé a%EF Bl fe SRS ARt AAMAY chi ng

circuit: 26, re ar range t he sa | ane and opposite srdes of a

t er mi nal ESH gt B 1"?%’ ﬁbSHEFtHFn§H§i§EB$taEE%a NecFhapgein; st
fourth

antenna 21, i-rlt nd antenna 22, the third_ antenna 23, and the
87 Mith

ant enna 2B257

SRGH OFHPE ARG ASPTIeE Line toFaRd WipAutside

and are connected to a matching circuit 26, are arranged on
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, an oscillator
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 qonnected 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 cutputs it

to the transmitter 33. The transmitter 33 modulates a carrier
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the substantially square shapes are adjacent to each other.

In addition to the foregoing antenna assenbly 10, the antenna

apparatus includes a mcrocontroller 31, an oscillator 32, a transmtter
33, a receiver 34, distributors 35, 36 and 37, a phase inverter 38, and
matching circuits 15, 16f 2S and 26. The m crocontroller (control
31 is connected to a higher-Ilevel equipnment such as a personal conputer

this higher-1level equipnment. The mcrocontroller 31 controls the

oscillator 32, generates a nodul ati on signal

nmeans)

t he antenna assenblies 10 and 20 on the basis of signals from

I n accordance wth a signal

f r om t he wavgheyutipmidiede diropdde ossdldatest 32i on the hasisaedhitheer 33. The
transmtter 33 nodulates a carrier 9 2002 01/15 TUE 14: 09 FAX 075 344 7166
VAOY( ) -mogm@wtdomApigmal erg/mrtted\dveomothd micsgceopsFrideroski [dnst or 32 on

the basis of the

nodul ati on signal outputted fromthe mcrocontroller 31,

and genergsneraiess snshransmiesiomasignad. t Pheskiransgdssignalsienalput t ed
fromthe transmtter 33 is distributed by the distributor 35 to the

di st ri butcortp3gtedd fram phheetrapsmitter3g3 He disksibetednbyi k@ i nputted
to the distributor 36 is distributed to the output of the matching circuit
15 connectigdribwtiore 35 kot thedliskributar 36t andathe [phase dnvsrtere fir st
antenna assenbly 10, and the output of the matching circuit

38. The transmission signal inputted to the distributor 36 is
distributed to the output of the matching circuit 15 connected
to the first and the third antennas 11 and 13 of the first
anténna 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
circpit 16 connecfed 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
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25 connected to the first and the third antennas 21 and 23 of
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t he second

antenna assenbly 20. The phase.. inverter 38 is controlled by a phase
ignal outputted fromthe mcrocontroller 31. After the phase of
m ssion signal inputted to this phase inverter 38 is inverted,

control s
the trans

the signal is distributed by the distributor 37 to the output of the

mat chi ng
and 14 of

t he secon
assenbl y

circuit 16 connected to the second and the fourth antennae 12
the first antenna assenbly. 10, and the output of the matching
circuit 26 connected to the second and the fourth antennas 22 and 24 of

10 ana Ehe. SR oM Pe MR SR < Bho 26 5P e TR LB L %ZQL?CQ?

34. A denodula¥|on SI %Bnﬁted fromth recelv 34 to
nicrocontFSFP?F %Ye E) eﬁnﬁ?eagt N pP@E@?sFﬂQ F§l°§aPF|€d out .
0022] 10 2002 T FAX 075 344,7166 Anti DREW & NAPI ER
5014/%27 % L7 sh%éjF%ll%tg’?ae%‘P"EuPr éﬁf“s'ef?g t é’bgst Fd oF DG £P; ve
ant ennas %éﬁtg 14 u der . hase qng!tha of, a _p ttern 1,..and F

shows a sEBETBFPEF mﬁt% A g CoRteha hase hopidion of, 14

d h d 2 b th ts fl
' Che. o PORTHORES 2ok LAPPE RGeS Tt raERe A ThEdoT Lo A T 15 PCAD ot t er ne.

the «curr

81" 3r26wR S‘asﬁs VS rade 28Rtk 16he 62 hry pallternss . the

currents of phases reverse to each other flow 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 cﬁrrents 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 and
the fourth antenna 14 have the phases reverse to each other,
and such phase inversion is carried out for évery unit of data
communication (however, the timing of the phase inversion is
not limited to this). Here, although the phases of the currenfs

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

11
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antenna 11 and the third antenna 13 , and simlarly, 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 flowto 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 flowto the first antenna 11 and the second antenna 12, and the

currents of phases (dentical t ch other flow.to the thitd antenna 13
Shd the t et Caiv ke BiAree nd ERS Curaita USRS S ahe FLERE B f ne
pattern 1 and the attern 2. th rrents flow ng to_the second antenna 12
D the i E ik BREGIAAS ML @Peh § IOREE die Ve Eadr oBesLASts BIST and ouch
phase inversiop is carsied out for every unit of data communication
Chowever . ATEPRRRF FORSHLIAG, FHRSUNRG HER FPVerse phaTs FREEEREAQTRS) . Her e,
al t hough the phases of _the currents flowing to the second and the fourth
antennas 5 AKIATE Q¢ cHedS: ;HEIGHTh SR LR S3rER anteRRn ASEERPIID() DREW
& NAPI ER 1012/0 7 inverted, the ghases of .the currents flowing to the
first and XhB2grPeeR dassribedy 1the Fape applies; iR dheefeceRd i aeMdder any
phase condition, t sum of the_reverse phase currént |oops is always O.
ores S RARSTRIN 961 AF PPREEH Skt Sabe he, Fever 4R BhaeE PR oy ¢ he

sane applies to the second_antenna
PP are a]c.)ways made to flow between the first and the third antennas

11 and 13, and between the second and the fourth antennas 12
and 14, similarly to the conventional figure-of-eight type
antenna, radiowave radiation at a remote place becomes minimum,
and the intensity of an induction field in the vicinity of the
antenna can bg 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 patfern 2 so that the
non-deteétion 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
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assenbly 20. As stated above, since the reverse phase currents are always
made to flow between the first and the third antennas 11 and 13, and

bet ween the second and the fourth antennas 12 and 14, simlarly to the
conventional figure-of-eight type antenna, radio wave radiation at a
renote place beconmes mninmum 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

i nverted between the pattern 1 and the pattern 2 so that the non-detection
regi on appearin e VICInIt of the position where the antennas

intersect with dpductaphs hetwasiythe finsteanterna Ad apd-the ection

regi on can be rem)ved Further, when the currents flowng to the first
antenna aSESOBC,/aRBERRY 12 h% %ﬂdzar@t@ﬂﬁ'&ahﬁ&ﬁﬂtﬁ@@ hetwesri&hey have a
definite phase _ difference (for exanple, 90) , a rotating induction field

can be gSFSPRAARPTSRNA L2AThthetidad antenrfa 3 is dadrdlsecdMatuadt enna
assenblies 10 and 20 arranged tqQ be opposite to each other as gates, and
communi catPeRSHAR %@E‘”%%FB%’&W’?%PB enpailsk apd the fourth antensas in this
regi on cari be carried out. Ogéﬂ 12 2002 01/15 TUE 14: 09 FAX 075 344 7166
thD () - ARESVRARRPLar andy uct-anfe due fauEke fertuad: Reapling fir st

antenna 11 and the_second antenna 12 is made ML, Z, a nutual i nductance

bet ween t RE thesbrdent &heLntennasrembly 1P will hecansideradidspr 3, a

nmut ual . .
FIG. 4). At this time, since the mutual coupling between the

first 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, 1is 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 and thé mutual inductance of the whole
of the antenna assembly 10 under the phase condition of the
pattern 2 becomes +¥, , + 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 als§ different from each other.

Accordingly, equal antenna currents can not be made to flow

13
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irnduct ance between the third antenna 13 and the fourth antenna 14 is nade
M3,,, and an inductance due to'the nmutual coupling of the whole of the
antenna assenbly 10 will be considered (see FIG 4). At this tinme, since
the mutual coupling between the first antenna 11 and the third antenna 13
or the fourth antenna 14, and between the second antenna 12 and the fourth
antenna 14 is suff|C|entIy | ow as conpared with the nmutual coupling

bet ween the adj acent antennas, the mutual inductances between these
antennas can be negl ected. Besides, since the shapes of the respective

ant ennas B q._q){g,_d LRRs |ghbor|ng arrangenent are equal to
one anot hzj?g tcﬁg‘r ?lon ofebﬁ&g'%oag Mz,3 = MB,{ is established. [0024]

Here, the mnut uaI ggct ance of the whol e of the antenna assenbly 10 under
t he phase’ condltlon f the pattern 1 becones -M,Z - M,, + 142,3 = -M
and t he nutual ngct CEhSn LI Yo ten asse 0. under

t he phase condi ':r?ion 0?9 % aj*f}{eern Zgbecon‘iga Ef/r@liszmggﬁBgi %ﬁéé‘_ +M As
stated abQyf atie'iﬁﬁ@t ggﬂgq?,%%c | d the
pattern 2, S|unce e gi}gns of t eefr%%téu% %gﬁ%gg te?rig E&?f from

each ot hearntéfﬁiacwglé:omxt,w@sbgfs Yo ﬁhgf Bhghh e aaRiallel -

Accordi ngly, equal antenna currents can

TUE 14: 00 4,025 34nd] 66 ‘o Gleds e RN B ERd 20/ Qg b OLD N

phase conditions.
the mutual inductance 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 phaée 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
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Thus, as shown in , coupling is made so that the nutua
i nduct ance between the second antenna 12 and the third antenna 13 is
doubl ed by a coupling clanp 40 (inductance addition neans) of a ferrite
core or the like. By doing so, the nutual inductance of the whole of the
antenna assenbly 10 under the phase condition of the pattern 1 becones
-ML,2 - MB,11 + 2M2,3 = 0, and the nutual inductance of the whole of the
antenna assenbly 10 under the phase condition of the pattern 2 al so
becomes +ML,2 + M3,4 - 2Mz,3 = 0. Thus, the nutual couplings are
cancel l ed, and the antenna currents can be nmade to flow under the sane
condi ti on 3 Widet Fang€-phase conditions. [0026] By doi ng so, the nutual
coupl i ngs between the antennas, which occur in the case where the four
antennas 11 to 1804B¢ arranged to adjacent to each other, are cancelled,
and power feeding to the antennas can be efficiently made under any phase
condi tion. [002RF descxihed) ableFeanacapsdinginiths antenna &PPAFRFES even in
t he case where communi cation with a non-contact RF tag (data carrier)
provi ded ®itt Fhgn PEgEERkalBNEREACRC Ehe phonredefeRraiian nagdHeny iss mader i ed out
a non-detection region is made mnimum . and the comuni cation can be
sati sf act Eﬂmu@a?'?-ﬂébm dihe gegulatory limit of radio wave radiation,

and satisfactory communication can be obtained over a wide

range.

15
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range. [0028] As described above, according to the antenna apparatus

4
DREW & NAPI ER 10181027 avelgéUZ?

of

the present invention, the non-detection region is made mnimmwthin the
regulatory Iimt of radio wave radiation, and satisfactory conmunication

can be obtained over a'wide range. 15 2002 01/15 TUE 14: 09 FAX 075 344

7166 Gn'i( ) - DREW& NAPIER 9 019/027 WHAT IS CLAIMED IS: 1. An antenna
apparatus conprising a first antenna assenbly and a second antenna
assenbly arranged to be opposite to each other, for carrying out

non-contact data communication wth a data carrier, wherein each of the

first and WBAE I&cSRAIMAPeRfA assenblies includes a first,

a second,

a

third, and a fourth antennas arranged to be adjacent to each other on a

substantially sane plane, and wherein the antenna apparatus conpri ses
control nmeans for controlling so that currents flowing to the first

antenna and thd-t &Y AR APRYER PR seeNPEiRine ao fdxsh @ntemna currents
flowi ng to the second antenna and the fourth antenna have phases reverse
to each ofafSembiyARta pREeRd agtenpa agssubdit arrangedda betdprpasiitet ant enna

and the third antenna,

to each other, for carrying out non-contact data communication

with a data carrier,

wherein each of the Ffirst 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

wherein 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,

curxents 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.

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

’ AR O R T
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e second antenna and the fourth antenna are inverted at a
predeternlned timng corresponding to the data comrunication. 2. An
antenna apparatus according to claim1, further conprising inductance
addi ti on means for addi ng an i nductance equal to a nmutual inductance
bet ween the second antenna and the third antenna. 3. An antenna apparatus
according to claiml1l or claim 2, wherein the control neans provides a

predeterm ned phase 16 | I1LIFLL Tiditt F01Jr 12122 11 1111 2002 01/15 TUE
14: 09 FAX 075 344 7166 tAU i ( ) ' DREW & NAPI ER U020/ 027 difference
between the first antenna assenbly and the second_antenna assenbly. 4. An

ant enna afp3LEreaceceerreR) the FAFshnantenna asgembiy; gnd t%e"ﬁe&%deach of

the first, the second, the third, and the fourth antennas is a
substanti &Flrt?nnécﬁﬁﬁgmbh-l oop antenna, and sides of adjacent rectangles

are substantially parallel to each other. ~IjlIl 2111111 111 Il~~ ~~
~~—~~ 5. C~ M%7 antenna apparatus according to any one of claims

1 to 3, wherein each of the first, the second, the third, and
the fourth antennas is a substantially rectangular loop antenna,
and sides of adjacent rectangles are substantially parallel

to each other.

-

\\II\ll\ 1 O

17



