1 DESCRI PTI ON ANTENNA DEVI CE 5Technical Field [0001] The
present invention relates to an antenna device of a reader/witer or
the like for passive ID tags. Priority js claimed on Japanese Patent
Application No. 2010-218634, filed 10Septenber 29, 2010, the content
of which is incorporated herein byprefermenos Background Art [0002]
For exanpl e, antenna devices of reader/witers or the like for
passive ID tags 15include a transmtting antenna (which transmts
primary radi o waves to an antenna that is different froma receiving

antenna) that transmts radio wa nder for RF tags or the
| i ke that perforns exchange of |%ﬁ§ﬁ§&‘$ﬂﬁ§ a receiving antenna
that receives radio waves transmtted fromthe responder, adjacent to
each other, and are configured such that the receiving antenna

recei ves reception radio waves transmtted fromthe 20responder while
t he trianstiedinicabFielt enna transmits radi o waves (primary radi o waves)
to the responder, and the transmtting antenna and the receiving

ant enna si nul talgyggl,ﬂsl y performthe transm ssion and reception of
radi o waves. [0003]" On the other hand, in this type of antenna

device, if somepyegked, fnﬁgfgjt‘?on"‘@ﬁ‘?és 6 3h %ﬁ%ﬁga %éﬁﬁ&ﬂ%eé&e%ﬂ%ﬁ&itﬂ&ike
antenna are directiy or Indirectly recelved by the receiving
for passive 1D tags.

Priority is claimed on Japanese Patent Application No. 2010-218634, filed

10 September 29, 2010, the content of which is incorporated herein by reference.

Background Art
[0002]
For example, antenna devices of reader/writers or the like for passive 1D tags
15  include a transmitting antenna (which transmits primary radio waves to an antenna that is
different from a receiving antenna) that transmits radio waves to a responder for RF tags
or the like that performs exchange of information and a receiving antenna that receives
radio waves transmitted from the responder, adjacent to each other, and are configured
such that the receiving antenna receives reception radio waves transmitted from the
20 responder while the transmitting antenna transmits radio waves (primary radio waves) to
the responder, and the transmitting antenna and the receiving antenna simultaneously
perform the transmission and reception of radio waves.
[0003]
On the other hand, in this type of antenna device, if some leaked radio waves

25  leaked from the transmitting antenna are directly or indirectly received by the receiving



2 antenna, the | eaked radi o waves becone |arge interference waves,
di stortion occurs in an antenna pattern, and the receiving
characteristics of the receiving antenna deteriorate. Consequently,
there is a possibility that gains or phase characteristics

(i sol ati omtewantheticdked s@livades Bebome $atbd intdredténodividvas GestdrSioR bedirsl Ran
between the transmtting antenna and the 5receiving antenna, the

i sol ati onygam N8eRC Wi Ee r%vﬁl\(gﬁharédﬁermey ofR8 S&teivite drterRGlddRbYate,

difficult to space the transmttring antenna and the Tecelving ant énna

apart from each her i.n this . 0004 nthe related.art., it is
Dgest cdChnapay e S apdudhifiuaneran o shie S Rasts i splgtionblanaSt
provi ded petween the transmtting antenna and the receiVving antenna
and the | BaseHredadiis slieentLigancgds providsd baresn thetransaiéing entenpp and the
antenna and the receiving antenna by this radio wave shield to secure
i sol atd onregctiwmgenntamph.ghe rsefagion tan BateentedDo tlomemtr, in many Ratentis actually
Docunent 2). 15 Prior Art Docunent Patent Docunment [0005]

[ Pat ent DogtieNG spheetbpamesstiatamhndond iheatdeding Mtteia dpaRIfionntdchn
No, 2008-283391 20[ Patent Document 2] Japanese Patent Application,

First PublicahiRR WM, 2008-199562 Summary of |nvention Probl em
to be solved by the“lnvention 25[ 0006]
[0004]

In the related art, it is suggested and put in practical use that a radio wave shield
10 is provided between the transmitting antenna and the receiving antenna, and the leaked
radio waves are cut off between the transmitting antenna and the receiving antenna by
this radio wave shield to secure isolation (for example, refer to Patent Document 1 and

Patent Document 2).

15 Prior Art Document
Patent Document
[0005]
[Patent Document 1] Japanese Patent Application, First Publication No,
2008-283391
20 [Patent Document 2] Japanese Patent Application, First Publication No,

2008-199562

Summary of Invention
Problem to be solved by the Invention

25 [0006}



3 However, in the above antenna device of the related art in
whi ch a radi o wave shield is provided between the transmtting
antenna and the receiving antenna, therg is a possibility that the
| eaked radi o waves | eaked fromthe transmtting antenna may

circumvent the HadegerWarBe sttivelaftcanslddgcd TaRE et iMRhich @8hdib Mhve
antenna. 5Additionally, since the size of the radio wave shield is

set accor Qii@lg.i% ?@gn%dfbéﬁﬁéﬁ lﬁ‘r\eytrmsmtiljﬁﬁig raﬁi‘gin?z% NRS r&éﬁ?ﬁ&éﬁf@gf fBere is a

waves) transm romthe transmttrng antenna an ance

bet ween the transmttin nt enna_an he.recei vi ng .antenpa, the size
of the r abfsstiRYaR Ltk PR I B feabell poR e o i0E SRR WY ch ¢ ne
frequency of the radig waves transmtted fromthe transmtting

ant enna ofir¢uravedt heapdia wase slisld anddereceiedibytthe ieceivie a¥emaaand t he
receiving antenna varies is required. [0007] An object of the

presernt i Addnionally, since thepize\af dee mdicandveshzldBsecacotiatg wahefequency of
possible to easily and reliably attenuate | eaked radi o waves

(i nterfergReadivames) (1&dkell riReGaves) LaRShived GroAnthe AMAshit!hs dhtenna and the
transmtting antenna to secure isolation, even in a case 15where the

frequencygfantdgehad t‘ﬂc‘f‘t’%ﬁﬁﬁiﬁ?g&ﬁ%a%ﬁg 'tl%bﬁg?éﬁv\g@% abﬁgﬂi Hd Stl%;‘d?ff th@Mdio

the transmtting antenna a I stance rans tng
antenna and the .receiving antenna varies. Sqluti.on to Prgbl em

201 0008)  Tav T YaBt AR Pudl FiaR Rl iyt o cRBu Ry SE AR Flpatave
provi des the foll ow ngs means, [0009] An antenna device of a first
aspect of rafiedamthe Horsmiitng aitang gediegistarebotvwegn ABarnemifiing hat
receives radio waves; a transmtting antenna that is provided

adj ackht amdenrfaend the receiving antenna varies is required.

[0007]

An object of the present invention is to provide an antenna device that makes it
possible to easily and reliably attenuate leaked radio waves (interference waves) that
reach a receiving antenna from a transmitting antenna to secure isolation, even in a case

15  where the frequency of the radio waves (leaked radio waves) transmitted from the
transmitting antenna and the distance between the transmitting antenna and the receiving

antenna varies.

Solution to Problem
20 [0008]
In order to achieve the above object, the present invention provides the
followings means.
[0009]
An antenna device of a first aspect of the present invention includes a receiving

25  antenna that receives radio waves; a transmitting antenna that is provided adjacent to the



4 receiving antenna and transmts primary radi o waves to an antenna
that is different fromthe receiving antenna; and a reflecting nenber
that reflects sone | eaked radi o waves I4(1e_aked fromthe transmtting
antenna towards the receiving antenna. The reflecting nenber is

arr anged %&bll{g%&:nhﬁfan@ﬁﬁ%ﬁin Yﬁh"r tary h{ﬂﬂﬁ wales0iaf Rndhfa Hﬂ?islo‘?ﬁ%ﬂ%ﬁit from

radi o waves, 5are reflecte e receivi ng ant enn

radi s navds TrniE bR Hhd Erifelid MebpbRTs i Sndlar At aNRs

device is, confjgured such that interference is caused due to the
phase shi IeAkGSHE AR FHBTHIE GOteBA KavaEdhn Fse R BB, wdbeieflecting
attenuating the direct waves fromthe transmtting antenna to the

r ecei vi ngmgmibenis arranggdooeiothat reflected Pawedispme of whtﬁggraﬂm ledked rasfio wovesd
waves can be nade to interfere with each other by reflecting sone

| eaked r asteeeft@waisanidyreadhahd flckiotig dngenie abier behy pingé-shilkey rdl&detio direct
recei ving antenna after being phase-shifted relative to the direct

waves, WhjyghesatiRichhife e MaREd (RS QaVaMES: diRdally Fakiefe! r¥c€1ﬁﬁ9 theﬁ'@a The

recei ving antenna fromthe transmtting 15antenna. Thereby,

i g g Lo LRI PR e, ng
ant enna 213&%%%%&%&5@2&?&' gﬁ@ﬁg&%@%&;ﬁg&m&%%& il

t he phase of the reflected waves is shifted relative to that of the
di rect walvensmitiingRoignnptoothe déoatying ameling. wave shi el d bet ween t he
20transmitting antenna and the receiving antenna as in the antenna
devi cé of the r[@badled art. [0011] Addi tionally, in an antenna
device of a second aspect of the present invention, preferably, the

transm tting anfiidifect Haddy AAUBORREBRvaDEShR 1ﬂdeﬁ5liﬁté’ﬂfér¥ vith each
transmtting radio waves toward a predeterm ned range and has | eaked

radi o wavgge! ARG soffe 164G d 2205 SASEELMIAG ARG SiemRr so that they reach

the receiving antenna after being phase-shifted relative to the direct waves, which are the
leaked radio waves that directly reach the receiving antenna from the transmitting
15 antenna. Thereby, the attenuation effect of the interference waves (leaked radio waves
or direct waves) that reach the receiving antenna from the transmitting antenna to
deteriorate the receiving characteristics of the receiving antenna can be obtained by
arranging the reflecting member such that the phase of the reflected waves is shifted
relative to that of the direct waves, without providing a radio wave shield between the
20  transmitting antenna and the receiving antenna as in the antenna device of the related art.
[0011]
Additionally, in an antenna device of a second aspect of the present invention,
preferably, the transmifting antenna is an antenna that has the directivity of transmitting
radio waves toward a predetermined range and has leaked radio waves leaked out of the

25  predetermined range.



[ 0012] In a case where the transmtting antenna i s an antenna
that has the directivity of transmtting radio waves (primary radio
waves) toward the predeterm ned range and has |eaked radio waves
generated out of the predeterm ned range, the interference waves that
Sreach the receippizig antenna fromthe transmtting antenna to
deteriorate the receiving characteristics of the receiving antenna
can be reli abl I

t he direct mvglgaatﬁ?gﬂégﬁlé@%ﬁﬂ]ﬁwn% E&nﬂ :fsg‘icnv\agl\?;éggﬂﬂhat di EdErQ?tW%f
reach the_recejving,antenn and the ref cte

s o N e T DR P e e o il
|nterfere with each other. 10[001 ']éf‘s Moreover, in an antenna
devi ce of leakadrdig vwayse gencaated ﬁ\ét of tlaesiisdleteried Ta9ac, themtarfeasnerivavenat
antenna may be an antenna that is fornmed in a rod-like shape,

t ransm t sreacldihe reainasg auteimaamore tltk fporsmitbing iantetietodieteerato theatcaavingxi s
to the predeterm ned range and has | eaked radi o waves radi ated at the

center of cliafgtéistiss ofltht BR4dIng antenna chi ba rABE atletifed Beplovanisght ti ng
antenna is, for exanple, an antenna, such as a helical antenna whi ch

Is for mdre‘ﬂ@ct'iﬁ%érﬂﬁ&%o%ak@ tlE}é’&'ir&?%?&swhﬁﬁ“a‘?@'tﬁe%k@d‘?%i‘é@%&%%éﬁ ed

at the center e axl s e Inter fence waves can

rellably nuat b rovi di th ef l.ecting ne to ke the,.
irect. veles TRt teoh B Eletavid fSisfries Sves Mo 48 Bl et
waves, int erfere wi th each other. [0015] Addjtionally, in an
ant enna dwdyESdhagmargreflgeied hyasegéﬂﬁctmg ¢ Bbes, ntestire Wil sagh et nor e
preferably, the reflecting nenber is arranged such that a reflected
wave Havi ng a s[l@0tilest propagation path anong the refl ected waves
that reach the receiving antenna is 25phase-shifted relative to a

direct wave haviiegofers o aﬁﬁénn@.rd@pl%l@faﬂﬂrm%)lfc@mq”éd&ﬁt infeftionetic
waves by half a wavel ength at the p05|t| on of the receiving ant enna.

[ 0016] transmlt%lg\%ﬁté §mragfbl3 af '311 57%1 1'n§ed61f1 3085 He S ?zﬁw@ ARk 11% h&dio

refl ected waves |o waves, are phase-s

relative o &M% b &5 pOHIos In i dlrectflon of an axis to the predetermined range and has

leaked radio waves radiated at the center of the axis.
15 [0014]

In a case where the transmitting antenna is, for example, an antenna, such as a
helical antenna, which is formed in the shape of a rod and has leaked radio waves
radiated at the center of the axis, the interference waves can be more reliably attenuated
by providing the reflecting member to make the direct waves and the reflected waves,

20 which are the leaked radio waves, interfere with each other.

[0015]

Additionally, in an antenna device of a fourth aspect of the present invention,
more preferably, the reflecting member is arranged such that a reflected wave having a
shortest propagation path among the reflected waves that reach the receiving antenna is

25  phase-shifted relative to a direct wave having a shortest propagation path among the



5wavel ength at the position of the receiving antenna, the direct
waves and the refl ected waves can be nmade to interfere with each
other so as to cancel each other, and the interference waves that
reach the receiving antenna fromthe transmtting antenna to

det eri or aliged: RRVELCHERMT DUacdlaian hethk pbsitisn 6f the Recehesehntéita, ant enna
can be elimnated. Additionally, at this tine, in a case where the

transmtting an PER is an antenna, such as 10a helical antenna, the
| eaked radi o waves are radiated at the center of the axis. However,

the interf . hat h th i Vi t t he.
transm 11 ng. anv@HRLETs GRPB BT & THOEKCUE I PRRLPde BRTe PRishgpe
the receiving antenna can be effectively elimnated by arrangi ng the

. y, :
refl ecti ngpeheaksd radiq prvesnare phate-shafiedietasiqe f@the divgot wiyes B¥ halar t est

propagation path is phase-shifted relative to the direct wave having
t he sHor t estreldifgih efpthg avsiven pkthh rdrgivined dntennaathe ldéecttvinavef 80d thg reflected
Moreover, in an antenna device of a fifth aspect of the present

i nvent i onwatdsaiaf baMade td igerbdié Qnhdabieyiheesd 4 16 eAfdeDedcAdifdendithat t he
reflecting menber and the transmtting antenna and/ or the receiving

antenna 1 ph Ak MEL Yy ARV RG] BleRebehving htedddSraf! %ezﬁ‘ég{gfﬁ?tlllpgtaﬁtzﬁa fohe

recei ving antenna and the transmtting antenna an

frequency,of .the radio waves transnmtted fromthe transmttin

ant anna._ poeriaie héreclviBehime RS A B b Penbennt BRUR L BRtne
radio waves transmtted fromthe transmtting antenna or the distance
bet ween t fiéditiopalbpatthistinein 8 caw vaidae tlmransa%l% AR Ak ARTENRA pPcdicas
the position of the reflecting nenber relative to the transmtting
ant enifa  Fhelndl antenriag thed eakied iradjo avatvenara radiateth et thasentyr sfghe sxish Hhatver,
t he phases of the direct waves and the refl ected waves are shifted

f r om eachthetifitefereAcowavbs Migat réach ik fetEokmeRBIENAS TbfEthe adhdninaeemienna to
transmtted fromthe transmtting antenna and/or the distance between

the transglifiiig R0 hedidracRfisti &t d ReidMeSRRna can be effectively

eliminated by arranging the reflecting member such that the reflected wave having the
shortest propagation path is phase-shifted relative to the direct wave having the shortest
15  propagation path by half a wavelength.

[0017]

Moreover, in an antenna device of a fifth aspect of the present invention,
preferably, the antenna device is configured such that the reflecting member and the
transmitting antenna and/or the receiving antenna relatively move according to (i) the

20  distance between the receiving antenna and the transmitting antenna and/or (ii) the
frequency of the radio waves transmitted from the transmitting antenna.

[0018]

Even in a case where the frequency of the radio waves transmitted from the
transmitting antenna or the distance between the transmitting antenna and the receiving

25  antenna varies, the position of the reflecting member relative to the transmitting antenna



5 Effects of Invention [0019] In the antenna device of the present
invention, the attenuation effect of the interference waves that
reach the receiving antenna fromthe transmtting antenna to
10deteriorate the receiving characteristics of the receiving antenna

can be obggj/safle Pééeﬁvﬁl’(fjgad‘lﬁélﬁg chinBe ERRIRE{ JuBH (HTHE RYIhaSH O tieBtect HEves and
phase of the reflected waves is shifted relative to that of the

di r ect 1%2%1? 0 éﬁga\?e'é Gire Jﬁ?ﬁé&?&rﬂﬁ %aghaéjti]?rhé\&\éﬁcﬁ%#Aﬁgg%h?ﬁﬁg; Y)T ﬂ{e!}gdi%

radi o wave etween the ansm €’ recei ving

antenna as in . the antenna device.aof the related art. 15[ 0020
Ther oy, oW atom AT AL tanowisOhs BREUHGAPOT S gk broneaie
transmtted fromthe transmtting antenna or the distance between the
transmi t t rafnaingentenas and he reqebBig fIgNEAt enna vari es, isol ation can
be easily and reliably secured sinply by setting the position of the
reflecding nenber relative to the transmtting antenna and/or the
20recei ving antenna such that the phases of the direct waves and the
refl ect edefeMEeST Rventidi fted from each other, according to the
frequency of the radio waves transmtted fromthe transmtting
ant enna and/ or @B?Q]di stance between the transmtting antenna and the
recei ving antenna. - 8 [0021] FIG 1 is a view show ng an
ant enna devi ce accordin 0, an .enbodi nent of the present invention.
PG 2 i s a vi ol GROWFR: deNisem ussedb e oe B e g0 efiRe of the
enbodi nent of the

interference waves that reach the receiving antenna from the transmitting antenna to

10 deteriorate the receiving characteristics of the receiving antenna can be obtained by
arranging the reflecting member such that the phase of the reflected waves is shifted
relative to that of the direct waves, which are the leaked radio waves, without providing a
radio wave shield between the transmitting antenna and the receiving antenna as in the
antenna device of the related art,

15 [0020]

Thereby, even in a case where the frequency of the radio waves transmitted from
the transmitting antenna or the distance between the transmitting antenna and the
receiving antenna varies, isolation can be easily and reliably secured simply by setting
the position of the reflecting member relative to the transmitting antenna and/or the

20  receiving antenna such that the phases of the direct waves and the reflected waves are
shifted from each other, according to the frequency of the radio waves transmitted from
the transmitting antenna and/or the distance between the transmitting antenna and the

receiving antenna.

25  Brief Description of Drawings



S5present invention. FIG 3 is a view showi ng the experinental results
of the isolation characteristics of the antenna device according to

t he enbodi nent of the present inventio FIG 4 is a view show ng the
experinmental results of the isolation characteristics of the antenna
devi ce accordi nggpp t he enbodi ment of the present invention. 10FIG 5
Is a view show ng the experinental results of the isolation

characteristicsg@f 1§he vEW@%’&%éﬁlﬂlﬁ&]lﬁ%ﬁﬁ%ﬁﬁ%r@iﬁ@%" & g]ﬂ?&ﬂh&%ﬁt‘n Sr ¢fd

t he present inventi on. Vi ew s exper|

results of the.isolation characteristics of the antenna devi ce
accor di ngPTEE N YBiYbdi ment of the present invention. FIG7 is a view
showi ng the experinental results of the isolation characteristics

150f the ant enndidvs deicacdiordigige notcnhedeitsorgranding tofthe ¢mabesimsetraf the
invention. FIG 8 is a view showi ng the experinental results of the

| sol ati onpekait &ofeatiorst i cs of the antenna device according to the
enbodi nent of the present invention. FIG 9 is a view show ng the

experinental regpg 85s Hich Mol Mt bQperh@tAGESItS %Hlﬁﬁsdﬁtl&n%aﬁa@feﬁ%
devi ce accordlng to the enbodi ment of the present i1nvention.

Descri pti gay,0f nmgévq&rgcéordmg to the embodiment of the present invention.

FIG. 4 is a view showing the experimental results of the isolation characteristics
of the antenna device according to the embodiment of the present invention.
10 FIG. 5 is a view showing the experimental results of the isolation characteristics
of the antenna device according to the embodiment of the present invention,
FIG: 6 is a view showing the experimental results of the isolation characteristics
of the antenna device according to the embodiment of the present invention.
FIG. 7 is a view showing the experimental results of the isolation characteristics
15  of the antenna device according to the embodiment of the present invention,
FIG. 8 1s a view showing the experimental results of the isolation characteristics
of the antenna device according to the embodiment of the present invention.
FIG. 9 is a view showing the experimental results of the isolation characteristics
of the antenna device according to the embodiment of the present invention.
20
Description of Embodiments
[0022]
Hereinafter, an antenna device according to an embodiment of the present
mvention will be described referring to FIGS. 1 t09. The present embodiment relates to

25  an antenna device of a reader/writer or the like for passive 1D tags,



[ 0022] Herei nafter, an antenna device according to an
enbodi mrent of the present invention will be described referring to
FIGS. 1 to 9. The present enbodi nent rqiates to 25an antenna device
of a reader/witer or the like for passive ID tags. 9 [0023]

An antenna deviggo# of the present enbodi nent, as shown in FIGS. 1
and 2, includes a transmtting antenna 1 (transmts prinmary radio
waves to an ant J: i r ceiying.a

that tranem te Rdnsnigbes S0 HEREEn MRt RER ORI R v
t hat perforrs exchange. of information, and the, receivin antenaa 2
adj acent 16!4A® 2 {rABHEIING dtRng o (EARSINIES Primagy radie ayayesstorl A g 1s
transmtted fromthe responder. The antenna device A is configured
such t hat diffeeent &osl ¥ rasgiving antanaa 2) that bnssytsradie praventor axgspongdan s RF
transmitted fromthe responder while the transmtting antenna 1
transni t stagadi theike elsat pprfomiss xchatbe@ Wil aBationl ad A0 $¢0eBAnOMtEmi20
waves) to 10t he responder, and the transmtting antenna 1 and the

recei Vi ngxGaeAPRAnhE tBhdMithRNERMRaY | PHRF fRkiTed AgicwaRS WaRdhi@Rd &3 the
reception of the radio waves. Additionally, the antenna device A of

that "t anoPOReE o e srRe SPRE AL Shlebre b iy Per Lol e °

reflects sone | eaked radi o waves | eak fromthe fransm tti ng ant enna
ot o ROV ELREIY S VRS TSy By oy (BE Tespondel AR ghefBo@anng

enbodi nent, the transmtting antenna 1 and the receiving antenna 2
are, for axemsl lktransalifsaadio aryvenipaisnara radio wevasy einisansmissy radtosrayas)io
and the receiving antenna 2 are provided in parallel at a

pr edetler nmiheeespondey amal thd traswncittirtghmtenhbé add tlecicteaningahteana 3 shlulaneously
axis 02 are the sane direction. That is, the transmtting antenna 1

of the 20p&eHtithe &ARARISTBA End Fec@RichireROAad I RivcEas AlbRioHAINE Bfd ahtdita OF
transmtting radi o waves toward a predeterm ned range and "h eaked

as |
radi o WavESAERSE ik ofe Bl o ModiiEn Al EHRIAE BFLIAORALMILALSer 4 fi

transmitting antenna I's an antenna rormed 10 thi _
R B SRy el T IS AR Db LS Shichlnutl
radiated and qer]]<e(r:l%Eo%ithaettra}n?ne]ittzigg gnntgnenra lotfm\;[apde thg);!:cseiv?% > antenna 2.
waves leake g g
15 [0024]
In the present embodiment, the transmitting antenna 1 and the receiving antenna
2 are, for example, helical antennas, and the transmitting antenna 1 and the receiving
antenna 2 are provided in parallel at a predetermined interval T1 such that the directions
of axis O1 and axis O2 are the same direction. That is, the transmitting antenna 1 of the
20 present embodiment is an antenna that has the directivity of transmitting radio waves
toward a predetermined range and has leaked radio waves generated out of the
predetermined range. Moreover, the transmitting antenna is an antenna that is formed in
the shape of a rod, transmits radio waves from an end portion in the direction of the axis

01 to the predetermined range and has leaked radio waves radiated and generated at the

25  center of the axis O1.



10 [0025] Additionally, the reflecting nenber 3 is, for
exanple, a reflecting mrror, a netal plate, a netal sheet, or the

| ike. The reflecting nenber 3 is arranﬁsd at a predeterm ned interval
T2 fromboth the transmtting antenna 1 and the receiving antenna 52
such that a refjogstj ng surface 3a is directed to the transmtting
antenna 1 and the rece|V|ng antenna 2. Moreover, at this tlne the
reflecting ne RQ such .t hat. r

ire refl oot ed yodtighdt IRPRGTmE T s PETVR el EEE UMy 2
antenna 2, ar hase-shifted relative to_direct waves Si mhlch are
eaked r 2P Hitbed Metel’ ?f‘é:oprftF%Hk% helhergesnemenpbes dts Anansed #ha
directly reach the receiving antenna 2, 10and reach the receiving

ant enna 2preflgge@hed interval Gnnib@ﬂaihleyr,ani;mitttiltgealmlmdrftndeth@m@eiwmgtantemhe
reflecting nenber 3 is arranged such that the reflected waves 52 that
reach 3 he2 seshethit n@flactingpneface 3sisslivettce to heltahinmetitarithimadi andahe waves
Si by half a wavelength at the position of the recelving antenna.

15 addi tlfeeewmg%&e%h@ct wed%m@ﬂus?nhﬁ ﬂnefredafcﬁm ﬁﬁln{be ?@g d]%ofs&;]mq

in a plate shape, and be cdnstituted or exanp

emher cothafrefibd %ﬁé&f v KB, 8 s RO ?%Jefe%&b@%t he

present enbodj nent constituted in thjs the 20transm ttin

ant enna 17C&FYINEHBINER &; YF RYasgrihd lZ‘“H%%dl&?CF BEYFSVE b phiGh arpdeaked radio
directions of the axes 01 and 02, respectively, and rad| 0 waves are

t ransm t t wavesrradinted dromp ﬂwstmnsmithgg anieaenband dicectlpecach slporedeivingonteRRa 2,
tags that performs exchange of information. Additionally, at this

ti me, 10t hearid eadntht récefyignigeraa 21 has | eaked radi o waves generated in

a radiation direction with the axis 01 as a center. For this reason,

| eaked radio Wafog%]ZS(di rect waves Si or interference waves) radiated
fromthe transnmitti'ng antenna 1 are 11

Additionally, in the present embodiment, the reflecting member 3 is arranged
such that the reflected waves S2 that reach the receiving antenna 2 is shifted relative to
the direct waves S1 by half a wavelength at the position of the receiving antenna. In

15  addition, the reflecting member 3 is not limited to being formed in a plate shape, and may
be constituted by, for example, a mesh structure, a grid structure, or the like as long as the
reflecting member can reflect radio waves.

[0027]

In the antenna device A of the present embodiment constituted in this way, the

20  transmitting antenna 1 and the receiving antenna 2 have directivity in the directions of
the axes Ol and O2, respectively, and radio waves are transmitted from the transmitting
antenna 1 to the responder for RF tags that performs exchange of information.
Additionally, at this time, the transmitting antenna 1 has leaked radio waves generated in
a radiation direction with the axis O1 as a center.  For this reason, leaked radio waves

25  (direct waves S1 or interference waves) radiated from the transmitting antenna 1 are



received by the receiving antenna 2 adjacent to the transmtting

antenna 1 at the predetermined interval Ti therefrom and the |eaked
radi o waves becone |large interference ves, distortion occurs in an
antenna pattern, and the receiving characteristics of the receiving

antenna 2;4gled Bﬁﬁﬁtr%cciﬁﬁﬂﬁﬁﬁiéﬁi(‘? g%iacén_tﬂﬁf ¢ Sinén o 'ainhhtagﬂwat

gai ns or phase characteri3tics I'at 1 on) cannot De secure [ 0028]

In contra i enna.devi ce A of the.present enbodi ment
ol udes DEeBPREL I A HERaERY ifu Pk 2Ry R R s T P ot e
fromthe transmttin ntenna | are reflected by the reflecting
menber 3, MSHEPTENGE Vay =‘r=3&tfa“ér0m9f‘é§s pan, FgRa PateBrandriBe 15E¥MEct i ng
menber 3 reach the receiving antenna 2. Additionally, at this tine,
t he ref | echaramgerisbinper thg recsivang antejend 2sdetdriaratat  Chwseqednitiycthent inaves S2
are phase-shifted relative to the direct waves Si and reach the

r ecei \d ngp@saibélitnaha? gaind ot please ehdracttislicodiyelati&d) cantotpBasanrshi ft ed
relative to the direct waves Si by half a wavelength at the position
of the receivi n@oggljt enna. That is, the difference (path difference)
between a path Ti of 15the direct waves Si that directly reach the

(Tasra) ot he MarPsetoe bR lccPEarb Bk Erau g Tt e,

fromthe transmtti antenna 1 and reach {he recejving antenna 2
fromthe F@P?@t&mﬁ'@(ﬁ%&ﬁweﬁ?ﬂg radip vaEhTadkied i thnaBuIgme PRienia 1
direct waves Sl and the reflected waves S2 that reach the receiving
ant enna 2argrefleskadihyettie peflolting membaw 2| and ghereflegpd©293s S2 reflectedon thehi s
reason, the interference between the direct waves Si and the

ref | eldt edreflesteisy iiémber Tradethederiving hftenm s eAddiiidiallgf at tlie tiehicl thet
waves S1 and the refl ected waves S2 that reach the receiving antenna

2 (the di p@ebtiEMEDbS 3 BRFahHR Jush RS IR MEYEPwR%s ARG HhdBlshied

cancel l ed), and the direct waves Si are attenuated by the refl ected
waves S2. Thi t{ i interfe i t vidin
ay adi o vishEVERS R BB IARS i bR CIERS e Rl Lah iR e g Rud
recei ving.,antenna 2.as.in the antenna devi f the related art. .

[ 0030] Assﬁa@mh%élﬁﬁd’f vl dRvawe Sty tracse Jpaireatafe poniome
refl ected waves 52 5that reach the receiving antenna 2, the

i nt er f er eplcthe peeivigantermadi dbattisthe dfegince Grhth didference) between a path T1 of

I5  the direct waves S1 that directly reach the receiving antenna 2 from the transmitting
antenna 1 and a path (T3+T4) of the reflected waves S2 that reach the reflecting member
3 from the transmitting antenna 1 and reach the receiving antenna 2 from the reflecting
member 3 is set such that the phases of the direct waves S1 and the reflected waves S2
that reach the receiving antenna 2 are shifted by half a wavelength.

20 [0029]

For this reason, the interference between the direct waves S1 and the reflected

waves 52 is caused due to the phase shift of the direct waves S1 and the reflected waves
S2 that reach the receiving antenna 2 (the direct waves S1 and the reflected waves S2 are
mutually cancelled), and the direct waves S1 are attenuated by the reflected waves S2.

25  This attenuates the interference waves without providing a radio wave shield between the



reflected waves S2 is caused and the interference waves are
attenuated. Therefore, even in a case where the frequency of the
transm ssion radi o waves or the distan T2 between the transmtting
antenna | and the receiving antenna 2 vary, isolation is secured

si mply byura@hlittihg dnft@nR92hd HiReQivihBanteRid £6§ infe AREAR dedide®Irdld éRudO
the transmitting antenna 1 10and/or the receiving antenna 2 according
to the digtance Ti between the transmtting antenna 1 and the

recei ving antenna 2 and/or the frequency of the radi o waves radi ated
fromthe transnﬁﬁéb g antenna 1 such that the reflected waves 52
interfere with lirect waves Si and these waves are mut ual |'y
cancel l ed. [0031] 15Also, if the antenna device A is configured such
that the refl echs sushngurrierthaphase shifieofihediseet wavesoS laandghe seflected dyayes S2
the receiving antenna 2 can relatively nove in advance according to

t he di5st athaereddh the ryeedrning hieterirasd) shvd interfegena@bemran thealidct Weves Sd ainditing
antenna 2 and/or the frequency of the radio waves transmtted from

the transygflebred yaged @Z‘ﬂ%a&ﬁed%ﬁﬁ Ttlié”'lﬂte?ﬂ‘erén@@vsfa%@ﬁrb YRorRAR! i ?Hé"reﬁi}e tehyen
transmitting antenna 1, the receiving 20antenna 2, and the reflecting

menber 3 i I
differ enclg1 E{gﬁe@gﬁetthgﬁgmqeiﬁfﬁl? t%éﬁ?rﬁlélg@éc %g\@g% (g}ﬁ léaq%e T2 g?tween
(T3+T4) of the refl ect ed ves S2 shifts the_phases of the di rect
waves Si DRArAPABITIRG anighnad Be FsoIVHIE ansnna & VRaY, SOkKIgRHS spRtediSHnRlY
case where the frequency of the radio waves or the distance Ti

bet ween t Resattiegdwippsitiog ofieseliesting seanbené relathed toi thgtrarsndting antenna ¥
That is, if the 25relative positions of the transmtting antenna 1,

t he ridcei adig theteenivingntamd 2tdoeordefel te clid digland3T INestivedn tBe amasmitie:
vari abl e even in a case where the frequency of the transm ssion radio

waves or ifi@ufd 1851@rtﬁ@re&whpgtmﬁlt2%d}orrﬂibsma}utehésgoﬁn& %i@w&va@r}%ét@@
receivi ng antenna 2 vari es, i sol ati on can be easil y and reliab y

secured. %91913(%4 Klﬁ n aanﬂa%ﬁ?@%ﬁé ?Iklapqﬂe ?«ﬁ%%{ d'WfR/te% k5 n‘ﬁ@(g&g v&l{hethe direct

superiori nna devi ce resen
i ncl udi ng the efI t nmenber (1 flrrred w Il be described.
FIG3 is 3% e{b 3&7 Vﬁ%arleé‘%'ﬁ}’?l c@pcq R:Q denonstration experiment,
and showi ng the isolation characteristics when the interval T2
between the trdf¥#liting antenna 1 and the receiving antenna 2, and
the reflecting nmenber 3 was gradually

15 Also, if the antenna device A is configured such that the reflecting member 3 and

the transmitting antenna | and/or the receiving antenna 2 can relatively move in advance
according to the distance T1 between the transmitting antenna 1 and the receiving
antenna 2 and/or the frequency of the radio waves transmitted from the transmitting
antenna 1, setting of the relative positions of the transmitting antenna 1, the receiving

20  antenna 2, and the reflecting member 3 can be easily and reliably performed such that the
difference between the path T1 of the direct waves S1 and the path (T3+T4) of the
reflected waves S2 shifts the phases of the direct waves S1 and the reflected waves S2 by
half a wavelength even in a case where the frequency of the radio waves or the distance

T1 between the transmitting antenna 1 and the receiving antenna 2 vary. That s, if the

25  relative positions of the transmitting antenna 1, the receiving antenna 2, and the reflecting



10 changed to 20 mMm 40 mm 60 mm 80 mm and 100 mm Additionally,
in FIG 3, the horizontal axis represents the interval T2 between the
transmtting antenna 1 and the recei Vir]] antenna 2, and the vertical
axis represents isolation characteristits. [0033] It was confirned

from Fl G ndnfi,Bpd altehﬁa&axia?iaﬁ’lfe 0P a é%g& Q/heRS Re RGEmy gpqﬁ%gﬁl ﬁgﬂsgigyg'?ztuﬁg

obtained if the interval Ti between both the antennas

interval T2 between the smt it ant.enna.l and t receivin

ot o, VR RERLRR T AR s D SR ARl e iR ink difenna 2
relationship in which the cancelling interference between the direct
waves Si ‘éq{!%s{lﬁ‘é]a'ﬂ‘é‘f F%&GE@S&}QW&WQQ&D@G%%M_ That is, it was
denpnstrated that isolation cannot be secured if the interval Ti

bet ween bot h t hi®032k ennas 1 and 2 and 20 the interval T2 between the
transmtting antenna 1 and the receiving antenna 2, and the
reflecting menbigere3a Bavenstiagop egickinmnaln wigkRttieanpbiigrity of Wi atenhi device
di fference between the path Tl of the direct waves S1 and the path

(T3+T4) of g ﬁr@ién?Eﬁlﬁgdii’x‘fé}{ﬁﬁcl%ain%hj[lige?leﬁtm% RBRABES3 gfas %&fﬁrﬁliefl %Al be

waves Si and the reflected waves 5 ave reached the receiving

R YT I

characteristics are confirmed by gradually changing the interval T2
bet ween t HOWIRGHEHARGINLhARACIER csbfRe fkorval bt %ﬂhﬁl@éﬁﬁ%ﬂlﬂlnpﬂnd
the reflecting nenber 3 to 6 cm 10 cm 20 cm 30 cm 40 cm and 50
cm and chenyianigandribe dicstvinrgeanterinade avkbin reftesting aenthiet 8 iwag gzaduelina 1
and 5the receiving antenna 2 in the respective cases. Additionally,

cal cul(at i gdranged toeX) hoged han, 66 inh, 80 nua] amteldHunene Mdditinglbs iRFEG, Shthisn
in FIGS. 4 to 9. [0035] Here, a calcul ation nethod of the

cal cul at i gdyi oftal &Ris ‘Péhdréseﬁﬁ tREHEV RED, BRNEMONE FrahSnifd anferRB WA fgnhete he

positional relationship between the transmtting antenna 1 and

[
10r ecei vi ant.e refl ecti ggﬁ ] . Lf the
propagat i %ﬁelgﬂlﬂagmggf ﬁﬂﬁgé g I rrt1é:§1talx§§a1f/eé%9e§@l EkOl?F ]ﬁgécg?ri%nﬁ%ce
bet ween the ant[ﬁﬁg s is Ti, and the radius of the transmtting
antenna 1 and t ceiving antenna 2 is R the propagation distance
X of the

It was confirmed from FIG. 3 that the gain of about 8 to more than a dozen dB

I5  can be obtained if the interval T1 between both the antennas 1 and 2 and the interval T2
between the transmitting antenna 1 and the receiving antenna 2, and the reflecting
member 3 have the positional relationship in which the cancelling interference between
the direct waves S1 and the reflected waves S2 is caused. That is, it was demonstrated
that isolation cannot be secured if the interval T1 between both the antennas 1 and 2 and

20  the interval T2 between the transmitting antenna 1 and the receiving antenna 2, and the
reflecting member 3 have the positional relationship in which the difference between the
path T1 of the direct waves S1 and the path (T3+T4) of the reflected waves S2 shifis the
phases of the direct waves S1 and the reflected waves S2 that have reached the receiving
antenna 2 (shifts wavelengths by half a wavelength).

25 [0034]



direct waves Si becones X=T1-2R Moreover, if the propagation

di stance of the reflected waves S2 is Z, and the di stance between the
transmtting antenna 1 and the 15recei \sii ng antenna 2, and the
reflecting nenber 3 is T2, the transm éi on di stance Z of the
reflected wavesohgeosmer li]anaxlelﬁsnlltg))?sﬁ&wglgﬂegaIts%l?e)n @%la&&@é@x}a derlchs
Mor eover, the path difference bet ween t direct waves

refl ect ed

Lot ntr | onud SRR R eI g A nRy iﬁ?ﬁ]%ﬁvﬁeé’ﬂ&%?%wxshﬁ 1%@8#?#%13

path difference I\/lvvlth t he wavel engih of the transm ssmn radi o _waves
transni t t ¥ PF SFRCHHRS BNSHER, @95 gﬁ%féwaanqntﬁ‘éﬁﬁa Gpem, [1§53%20 cm, 30 cm,
Si nce phase is reversed by 180 degrees when being reflected by the
refl ecti nd0 amntel SBemt dnl chenging the gistasee T betweamibie tr@asmittintdwntenna 1 and
reception side becones Cz=C-Fic(rad). 25Moreover, if the anplitude

val ue Hf dggntdedtihg aemes? imnthekdspbctiveeasesf | adtigidns¥y eslcddtiod batti@ve
interfered with the direct waves Si is A, the anplitude value A

et e PSR bR Yl L PRGNV 1 o ne
propagation | os 5 ihe direct waves Si is V this propagation |oss V
becones V=20xl| O@Pg l<7cx( L-2R))/F). 5[0038] From t he

propagation | os Vobtalned in_t way. and the directivity P of the
recei ving ant ersreoa F3CYIGOY maﬂaegei e Qicugion alues wall bafessiibed tsference

value | of the isolation on the reception side is obtained by
| =B+V- P. {od{I8H2} showing the positional relationship between the transmitting antenna 1 and the

10 receiving antenna 2, and the reflecting member 3. First, if the propagation distance of
the direct waves S1 is X, the distance between the antennas is T1, and the radius of the
transmitting antenna 1 and the receiving antenna 2 is R, the propagation distance X of the
direct waves S1 becomes X=T1-2R. Moreover, if the propagation distance of the
reflected waves S2 is Z, and the distance between the transmitting antenna 1 and the

15  receiving antenna 2, and the reflecting member 3 is T2, the transmission distance Z of the
reflected waves becomes Z=2><(((T1/2)2+(T2+R)2)'” 2)-R.

[0036]
Moreover, the path difference M between the direct waves S1 and the reflected
waves S2 becomes M=Z-X, and consequently, C=2xnxM/F is established if a relative

20  phase difference C is obtained from the path difference M with the wavelength of the
transmission radio waves transmitted from the transmitting antenna 1 being F.

[0037]
Since phase is reversed by 180 degrees when being reflected by the reflecting
member 3, the relative phase difference Cz on the reception side becomes Cz=C+n(rad).

25  Moreover, if the amplitude value of synthetic waves in which the reflected waves S2



10It was also confirmed fromFIGS. 4 to 9 show ng the cal cul ation

val ues determned in this way and the actual neasurenent val ues that
i sol ation can be secured if the interv B Ti between both the antennas
1 and 2 and the interval T2 between the“transmtting antenna 1 and

the T ecel \iaqRALRMAPie et el ST AL HRANBRIRE afhc DR oS

positional relationship in erence between the path Ti

of the dire S Sand t ath ( T3+T. f. the.reflected ves
52 shit1shehoedRedes AoAtEREy e PR Sk of e i Lo FUER Y o
S2 that have reached the receiving antenna 2 (shifts wavel engt hs by
hal f a wabel&desy.is F@@MG]‘G%@&@)Ffdgﬁgloﬁ,ag@twﬂtlﬁsé o theedireat wavascHd ia Vpthis
the present enbodi nent, the direct 20 waves Si and the refl ected
waves S2 p@PagiRiontes VBedoﬁie@MﬂOQldgt(ﬂhnﬁ%ﬁhRglﬂ).er by reflecting sonme
| eaked radi o waves by the reflecting nmenpber so as to reach the
recei v ng antenmﬁ after being phase-shifted relative to the direct
waves SI, whicha e]the | eaked radi o waves that directly reach the
receiving antenpa 2 fromthe tra itti ntenna 1. Therehy, t
attenuation ef %@W@prqpé’lgf‘%"elp?ﬁ g’h&i@f\%g(}g S(”Iaééﬂiﬁ"er‘g‘a’%v'é‘sﬂﬁgﬁ@)
that reach the receiving antenna 2 fromthe transmtting antenna 1 to
det er i or ategeiving anfrang ddw ithe trapsyeise dissctipnsthe salogptiamealyekel the fglation on
antenna 2 can be obtained by arranging the reflecting nenber 3 such

t hat the theasmptbn side is aifthined e l=HEné®. 52 is shifted relative to that
of the direct waves Si, w thout providing a radio wave shield between
the transmttingoagtenna 1 and the receiving antenna 2 as in the
antenna device of the related 5art. [0041] Hence, according to
t he ay enna dewvy AQf } . L Phes wher e
t he f{&equency o#&%ﬁglsgggﬁﬁﬁnmeg@?ﬁ@gﬁgnﬁﬁ gw]?%?ni\éﬁ%lgh[hrhgﬁgran&t%i ng
antenna 1,qr t.he distance Ti.between the transmtting.antenna 1 and, .
the recei SRR Brifls A RCacy graasaen Y ges s dolon Ggn B Jechred if
reliably secured sinply by setting the position of the reflecting
member 3 WelielerbT] Bivisen bplifbermtemiag Lwlonma the B¥RIFE T2 emesacBE vi ng
antenna 2 such that the phases of the direct waves Si and the

r ef | ect ediraveneginganenea $ hind tledefaang eachna? ead thactloctdighgemberthieave the
frequency of the radio waves transnmtted fromthe transmtting

ant enna  lp@ighral reliRnship infaRh the BiglyERE bbRReh HRRHMA T1 bhGhentONnRRed S1
and the receiving antenna 2.

15  and the path (T3+T4) of the reflected waves S2 shifts the phases of the direct waves S1
and the reflected waves S2 that have reached the receiving antenna 2 (shifts wavelengths
by half a wavelength).

[0040]
Accordingly, in the antenna device A of the present embodiment, the direct

20 waves SI and the reflected waves S2 can be made to interfere with each other by
reflecting some leaked radio waves by the reflecting member 3 so as to reach the
receiving antenna 2 after being phase-shifted relative to the direct waves S1, which are
the leaked radio waves that directly reach the receiving antenna 2 from the transmitting
antenna 1. Thereby, the attenuation effect of the interference waves (leaked radio

25  waves) that reach the receiving antenna 2 from the transmitting antenna 1 to deteriorate



15[ 0042] Additionally, as in the present enbodinent, in a case
where the transmtting antenna 1 is an antenna that has the
directivity of transmtting radio vvavei toward the predeterm ned
range and has | eaked radi o waves gener ?ed out of the predeterm ned

range andy ; : Iitd : =]
Caoh s oMeRp@iViR2 RALAMDG e AIRTiAG M GRS obul o) @REMATne
transmts_rad.o waves fro end portionyin.the di.rection, of .th
e on st TERtu MBES L LR s ERf ik el Bt §h FE L Blac %
radi ated at t center of the axis 01, the jnterference waves can be
reliably @@E%ﬁﬁaﬁgaﬁw‘f&i% iyt Prwiding p gadio wngﬁﬂéfbetsw%tbﬁake t he
direct waves S| and the reflected waves S2, which are the | eaked
radi o wavesnsniiiingrafitenna hiandh theaeteivnpentenbl a0u3ie atiFnivbley et thesiclagasl
the reflecting nenber 3 is arranged such that the reflected waves 52,
whi ch sar eatthe | eaked radi o waves, are phase-shifted relative to the
direct waves Si by half a wavelength at the position of the receiving
antenna, the di$@gu waves S1 and the refl ected waves S2 can be nade
tointerfere with each other so as to cancel 5each other, and the

interference s.t . e he recej vi nna..2 framthe .
ransm tting antaissadordifainl ARelRERMIE MWall Bl 2ot fep ine
of the receiving ﬁgt enna 2 gq_{ré bg:, el i m nat ed. ég{044 Addi tionally, if
the ref | e€aSF Mgerrdhb dEquency ofitheradip mayshirasnHEeh HowAa ransipidingrantdypp &
receiving antenna 2 are configured so as to nove relatively, even in
a case whertbe distante &dbetvegn de ramsmittidg enteanet and thegedeivingl aftewra 2 yagies,
transmtting antenna 1 or the distance Ti between the transmtting
ant entfa  lisalatloh ben beesily andreliablgrseurdd viatpleby sdttieg e piokition odfhetrblecting
reflecting nenber 3 relative to the transmtting antenna 1 and/or the

recei Vi ngmambei fllivead tRAr&RlittiNg afkenSH L And/Bthe 18 ivIMARRSINAR uBE that

refl ected waves S2 and the direct i5waves Si and are shi fteg from

each ot heg,. pREGES P AR TR ST SRYTRC% 00ted RavERS £ WRYET from each other,

according to the frequency of the radio waves transmitted from the transmitting antenna 1
and/or the distance T1 between the transmitting antenna 1 and the receiving antenna 2.
15 [0042]

Additionally, as in the present embodiment, in a case where the transmitting
antenna 1 is an antenna that has the directivity of transmitting radio waves toward the
predetermined range and has leaked radio waves generated out of the predetermined
range and in a case where the transmitting antenna 1 is an antenna, such as a helical

20  antenna, which is formed in the shape of a rod, transmits radio waves from the end
portion in the direction of the axis Ol to the predetermined range and has leaked radio
waves radiated at the center of the axis Ol, the interference waves can be reliably
attenuated by providing the reflecting member 3 to make the direct waves S1 and the
reflected waves S2, which are the leaked radio waves, interfere with each other.

25 [0043]



transmtted fromthe transmtting antenna 1 and/or the distance Ti
between the transmtting antenna | and the receiving antenna 2.

[ 0045] Such an antenna device A can al ix? be favorably adopted in, for
exanpl e, 20electronic toll collection systens, such as ERP

(El ectronic Roaldﬁof’ioiv@, Q%):@ G LRE Senfisek 8l % g’rgadcl@dts cu H H3 RS e%cted

hi ghways or the ditiona Iy, It 1s a ossible to avorab y

The. pr es v ot ianrs HE R0 TIRVal S, HuTHsoafnBETBRR O el

vehicle so that the exchange of information with responders nounted
on of her VaYSdildy kalfa Haveleiath atiba posifien oNaasRe RS BLFIEN thadirectsiygs
as the contents of |icense plates of other vehicles, is acquired 18
whi | e traSkhmndie refbecéasheaves iSE cahbe mads &9 intéréers woth epdr othersoots to hancel
vehi cl e can be used as the reflecting nenber 3. [0046] Although the

enbodisrengachiotiidhaandnheintafcgaice eavactar @aclgthk eedehénpateaiat? hbmvsat i on
has been descri bed above, the present invention is not limted to the

above enbegisiBiine ARANE 29 H&eﬁ&afeq% f&FﬁL 6,u&ﬁé‘d§&‘?ﬂti¥¥j 5fh9él$ec§lelt9%reah’téa9a

fromthe scope thereof. For exanple, escription o

pr esent n been descri bed that the transmtting antenna 1
and the rg?@]d%naa%@ﬁfﬁhna 2 are helical antennas, the transmtting

antenna and r ec% i.ng antenna according to the present invention nay
not be necessarli p;‘ﬂlol imted to the helical antennas. [0047]
Additionally, in the present enbodinment, the difference (path

di fference) bethdditiondily, Fahdreflicctofg merabeti 3, end thedvassmiing aatenrdi ¥ awl/dry
reach the receiving antenna 2

10 the receiving antenna 2 are configured so as to move relatively, even in a case where the
frequency of the radio waves transmitted from the transmitting antenna 1 or the distance
T1 between the transmitting antenna 1 and the receiving antenna 2 varies, the position of
the reflecting member 3 relative to the transmitting antenna 1 and/or the receiving
antenna 2 can be easily set such that the phases of the reflected waves S2 and the direct

15  waves S1 and are shifted from each other, according to the frequency of the radio waves
transmitted from the transmitting antenna 1 and/or the distance T1 between the
transmitting antenna 1 and the receiving antenna 2.

[0045]
Such an antenna device A can also be favorably adopted in, for example,

20  clectronic toll collection systems, such as ERP (Electronic Road Pricing), which are
installed in tollgates on highways or the like.  Additionally, it is also possible to
favorably adopt, for example, a configuration in which the antenna device A of the
present embodiment is provided on a roof portion of a police vehicle so that the exchange

of information with responders mounted on other vehicles can be performed, and

25  identification data, such as the contents of license plates of other vehicles, is acquired



fromthe transmtting antenna 1 and the path (T3+T4) of the reflected
waves S2 that 15reach the reflecting nmenber 3 fromthe transmtting
antenna 1 and reach the receiving ant egga 2 fromthe reflecting
menber 3 is set such that the phases of"the direct waves S | and the

refl ect edynay Bivehod" R1ctBovel 6 tlﬁ%’ ﬁ%@’lp t];i{e ﬁodgﬁa}ﬁﬁﬁm{tﬂe Véﬁ?clgg& 04 B&Y as

hand, in the presefit inventi’on, erence nmay

appropriatel y,adjust ed sych that the phases of the direct waves Si
and the r@lﬁr%%etcghg\%e\pﬂgergz are shifted fromeach other and the

20i nterference effect of the direct waves Si and the refl ected waves
S2 is sufficienl®P§Slobt ai ned. The present invention is not necessarily
limted to setting the path difference such that the phases of the

di rect waves SiAldmahghtthe crebddineetoithy este®h devecepheamdingtio theguedeyt hal f
a wavel ength. Particularly, as shown in FIGS. 6 and 8, the

i nt er fer epgentinf IRG e désbabEl 4RVE, thepRServinitod Reot Bfilia i@ theWBYRS S2
may be reduced depending on the interval 25T2 between the reflecting

menber 3 : : t, : , :

e of 1 AaCoREnCIEORS. dbyRlinfo  BbripB® i dcRATRE ro e dopclreot.
t he phases of the direct waves. Sl .and the refl ecte ves S2.are
phaser o TRt enalorSiEeh AHEREing of MRavstRt frite e B hal BESE eri B that the
appropriately adjusting the path difference, the interference effect
of di rect raRsiaing anterna 1 gad therpeciviag aienes? are heligalisateansa Mednsmiting
the interference waves 5that deteriorate the receiving

char act er amg¢nmasindfredeneng atenna avgomintgetoribe @rescam itventadif may noeheynecessarily
elimnated. Industrial Applicability [0048] 10According to the

ant enfia  demite@tcothe hbcapbgSRids. | Nvention, it is possible to obtain the
attenuation effect of the interference waves that reach the receiving
antenna fromt %0%7 ansmtting antenna to deteriorate the receiving
characteristics o ]the recei ving antenna. Reference Signs List

15[ 0049] Additionally, in the present embodiment, the difference (path difference)

between the path T1 of the direct waves S1 that directly reach the receiving antenna 2
from the transmitting antenna 1 and the path (T3+T4) of the reflected waves S2 that

15  reach the reflecting member 3 from the transmitting antenna 1 and reach the receiving
antenna 2 from the reflecting member 3 is set such that the phases of the direct waves S1
and the reflected waves S2 are shifted by half a wavelength. On the other hand, in the
present invention, the path difference may be appropriately adjusted such that the phases
of the direct waves S1 and the reflected waves S2 are shifted from each other and the

20 interference effect of the direct waves S1 and the reflected waves S2 is sufficiently
obtained. The present invention is not necessarily limited to setting the path difference
such that the phases of the direct waves S1 and the reflected waves S2 are phase-shifted
by half a wavelength. Particularly, as shown in FIGS. 6 and 8, the interference effect of
the direct waves S1 and the reflected waves S2 may be reduced depending on the interval

25 T2 between the reflecting member 3 and the antennas 1 and 2 and the type, shape, or the
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direct waves ST and the reflected waves S2 can be enhanced, and the interference waves
5  that deteriorate the receiving characteristics of the receiving antenna 2 can be effectively

eliminated.

Industrial Applicability
[0048]
10 According to the antenna device of the present invention, it is possible to obtain
the attenuation effect of the interference waves that reach the receiving antenna from the

transmitting antenna to deteriorate the receiving characteristics of the receiving antenna.

Reference Signs List

15 [0049]
1: TRANSMITTING ANTENNA
2; RECEIVING ANTENNA
3: REFLECTING MEMBER
3a: REFLECTING SURFACE

20 A: ANTENNA DEVICE
Ol: AXIS OF TRANSMITTING ANTENNA
02: AXIS OF RECEIVING ANTENNA
R: RADIUS OF ANTENNA
SI: DIRECT WAVE

25 S2: REFLECTED WAVE



10t he reflecting nmenber is arranged such that refl ected waves, sone
of which are the | eaked radi o waves, are reflected and reach the
recei ving antenna after being phase-shébt ed relative to direct waves,
whi ch are the | eaked radi o waves t hat rectly reach the receiving
antenna, and the antenna deyiGegyigs configured such that
interference is caused due to the phase shift between the direct
waves and the refl ected waves, attenuating the direct waves fromthe
transmtting antenna to the receiving antenna. 2. The antenna device
according to Claim1l, wherein the transmtting antenna is an antenna
that has the di Fecfnaniegnapdevigesiogiarisiigag 20 radi o waves toward a
predeterm ned range and has | eaked radi o waves | eaked out of the
predet er mi ned rangeivi anfdnaa drit esveevesleadicwaeescor ding to Claim 2,
wherein the transmtting antenna is an antenna that is fornmed in a

rod-like shape,  BRishdRHE dnfenh@ i@ i eided saRcaNtcRE rdeeivii Ldhtdiihalah
direction of an axis to the predeterm ned 21 range and has | eaked

radi o wav [ : ter i: j.ce
o g P B S0 p o W B e TSR RS
i's arrangggd such that a reflected wave having a shortest

a reflecting member that reflects towards the receiving antenna some leaked
radio waves leaked from the transmitting antenna, wherein
10 the reflecting member is arranged such that reflected waves, some of which are
the leaked radio waves, are reflected and reach the receiving antenna after being
phase-shifted relative to direct waves, which are the leaked radio waves that directly
reach the receiving antenna, and
the antenna device is configured such that interference is caused due to the phase
15  shift between the direct waves and the reflected waves, attenuating the direct waves from

the transmitting antenna to the receiving antenna.

2. The antenna device according to Claim 1, wherein
the transmitting antenna is an antenna that has the directivity of transmitting
20  radio waves toward a predetermined range and has leaked radio waves leaked out of the

predetermined range.

3. The antenna device according to Claim 2, whergin
the transmitting antenna is an antenna that is formed in a rod-like shape,

25  transmits radio waves from an end portion in the direction of an axis to the predetermined



5propagati on path anong the refl ected waves that reach the receiving
antenna is phase-shifted relative to a direct wave having a shortest
propagati on path anong the direct mave% by hal f wavel ength at the
position of the receiving antenna. 5. ﬁe ant enna devi ce according to

any one ofyyGl g BashedidafadiWNELE AaARR ULAMIB ARuge Ts conf i gur ed

such that t ecting nmenber an e transmtting antenna and/ or
the receiving antenna relatively nove according to (i) the distance
bet ween the receiving antenna and the transmtting antenna and/ or

(ii) the frequency of the radio waves transmtted fromthe )
transnitting arff-enhi antenna device according to any one of Claims 1 to 3, wherein

the reflecting member is arranged such that a reflected wave having a shortest
5  propagation path among the reflected waves that reach the receiving antenna is
phase-shifted relative to a direct wave having a shortest propagation path among the

direct waves by half wavelength at the position of the receiving antenna.

5. The antenna device according to any one of Claims 1 to 4, wherein
10 the antenna device is configured such that the reflecting member and the
transmitting antenna and/or the receiving antenna relatively move according to (i) the
distance between the receiving antenna and the transmitting antenna and/or (ii) the

frequency of the radio waves transmitted from the transmitting antenna.



