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INV ~r1' TION " 5 a) '~eahnieal Field of the Izx~rentidn This i ﬂ%{ﬁwg]y
relates to an antenna cprapxising an antenna body and a phase con II
ft~r transmttxx~g and receiving a circularly polarized radio wave ‘1s9gophase
converter used far tlxe antenna, and a cQxa, nx~ni cati on appar at
transmtting a.><xd receiving data to and rc~mthe outszde u5| IMII“[{M MI/
antenna. xi) |~escriptioxr, of the Related Art Ganwenti onal |

been antennas for 1~ transm itting and xeceiving a linearly poI ar| 7#oxadi o
wave (vertical,ly polarized wave and horizontally polarized wave) and a

circularly polarized radi QNFWRNA PHABFERONVERPERANRM enna for
transmitting and receiving a circularly po$a,rized radi o wave) F'ig. 5D

shows an 20 antenna 121 ( heCRHNEVIIENICAGTONAAPPA AT Eourt h conventi onal
antenna 7,21 as well) conprising an antenna body 123 forned, into a neaxly
circulax flat bt~ard. The fourth conventional anten~xa 121 CGotupriaes an
extexzy,al 11fJ termnal CJ7 2rs an i.n.terface to an exter~xal device.
The fourth conventi oBﬁCKS}ﬁﬁt[é]iﬁaOEZﬁHELiNUEENEIQMnai detected in the
ant er ~ne. body 123 to the external device via. the e~tternal rlC~

t ex~nai nal 5r4~, and Bl Technicpliiold ofdhe Inveatiomm the antenna body 1-~~
according to a si gna,h inputted fromthe external device via the external
r/~7 termnal 107 hﬁ%el%wfrlap Fedatasortooran kantempancempmiging. ag, 5 an

h i | ~~b ded h | || d h d
Sortit oo o ovi BBteIRAT REURS A | 8o phaet; REnKBER yf?irogrﬁ%ﬁ%%gmﬁﬁl glor ed
i i ly th i
bl ctri cal 1y closehlls £ Bdylalhy rPSﬁtsng%aa FoHi0 Fh Ry <R ase SLRYERIRT boay
123 via a W reubayi fgh aghd) %ﬁﬂ&ﬁﬁacoé %0 vifica ﬂ PY ﬁ%i‘éﬂf@. for

vravel ength Jt. g of the xadia wave ransm recei véd. The
fourth congent:edmptiee dvd ]z%%ei’ﬁ'ﬁg' 'd%'l:ﬂgtot Bﬁdcffcﬁkl' ﬂﬁé Mzgid@%ﬁﬂ enna
body 123 cax~ transmt and receive a eirculaxly polarized radi o wave.

| 3owever, a frigpentgnna.

i1) Description of the Related Art
Conventionally, there have been antennas for
15 transmitting and receiving a linearly polarized radio wave
(vertically polarized wave and horizontally polarized wave) and a
eircularly polarized radio wave.
For an example of an antenna for transmitting and
receiving a circularly polarized radio wave, Fig. 5D shows an
20 antenna 121 (hereinafter, referred to as a fourth conventional
antenna 121 as well) comprising an antenna body 123 formed
into a nearly circular flat board. The fourth conventional
anfenna 121 comprises an external /O terminal 107 as an
interface to an external device. The fourth conventional

25 antenna 121 outputs a signal detected in the antenna body 123 to



15 bandwi dth of the radi o wave which can be transuZitted a.nd received is
narrow. ~n the other hand, as shown irx Fig. ~~, there is an antenna 111
(hereinafter, referred to e,s o, thixd conventional antenna 111 as well)
conprising an antenna body 103 foz~nmed 2U into a quadrangul ar flat board,
the anten~rra body 10% being provided with tw o feedzrig points 103a, 10b
of which phase difference i,s 90 degrees. In the third aariventi Qnal
e.nten~aa 111, line lengths L1, L2 of two wires forned between the external
1O terminal la7 as an interface to an externa,| device and tvcro 25
feeding points 1.03a, 103b are dete~rmined to have different 2 | engt hs.
rn ether words, the third conventional ante~xna 111. perforns phase

canver si ax~ oftHavexéal debitauiiedhanskiennpdt /ed temaugh 107,f endnalsbeedi ng
poi nts x03a, 103b by a difference of the line lengths L1, L2 (L2-L1) to

el i m nate the qigaesda fifsliozwaeediom the snipnmd dadse didedctording tmae~x~a
body 103. Then, it can input a~,d output a conbi ned, signal into which the
two signals afgigmalhinphtied fometlsé xtarnatohevitedvia gRtennehd/O

extex~xal device. |n the central position of the antenna body,1QS, -~ a.
earth point 1.gaminalyieyi déavhﬁ@ﬁnﬁgalepe%kti%éqf?{l\% &n@dngYal%

d ' i.ded back f f the board vi. h h- hol
Par g pi ool Ry AHERGHR Hedboms #rorste d TRty 3R ReTRaT e ROBHRGL | 1
tituted h i t h t th ~ ' I
ntenna 121 COMAFR S BEPTRG PARGHBRBACT Giidh B, s, PRP K HHoE RE PR PRI, ¢ o
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roceived s i B Lurpnethle Aifm SiesBrtalc kol JEnt" Beary b o1
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antenna 101 (hérei ter, érred to ~.s a conventional 20 antenna

107, as well) @8{@6 19RO A MER TR ERE\@{te@nal bbAybesBeemXat Werd baviggdi ng
points 1.03a, 103'b and tlxe external . Il1~ termnal 107, as shown in Fig.

5A. The phiase tewaih terrebigonddngdotan intiastide wavelenpgtmals of the d8did exent
phase inputted fromthe outside into szgnals of an equal phase, and outputs
a conbi ned si gwaste fthichtis tehinemitted podareddivedof signals after the phase
Conversion are 3 canbi ~xed. The First cqnventi ~anal _.antenna , 101
conpri si ng the phase Tdenvioursh copgegbionslymmenng pd21y sopHrising  the y
bandw dt h of the radio wave which can _be tr% smtted and.rec%.i ved.
circularly formed antenna body 123 can transmit and receive a
circularly polarized radio wave. However, a frequency
15 bandwidth of the radio wave which can be transmitted and
received is narrow.

On the other hand, as shown in Fig. 5C, there is an
antenna 111 (hereinafter, referred to as a third conventional
antenna 111 as well) comprising an antenna body 103 formed

20 into a quadrangular flat board, the antenna body 108 being
provided with two feeding points 108a, 108b of which phage
difference is 90 degrees. In the third conventional antenna 111,
line lengths L1, L2 of two wires formed between the external I/0
terminal 107 as an interface to an external device and two

25 feeding points 108a, 103b are determined to have different



caznpared to the third conventional azxtenna 111 which perfornms 5 phase
conversion by adjusting the l[ine lengths of the lines fornmed between the
feeding points 14Sa, 7,Q-b and tlxe external rlUtermnal 107. As a result,
i nprovenent xn ante~xria characteristics caz~ be achieved. The first
caz~ventionai antenna | ~i~, ct~nprisix~g the phase 10 converter 1.05)
hovuvver, occupies a |arger area, due to the presence of the phase
converter 10~, than the third conventional. antenna 111 which does . at
conprise any phase converter. The |arger tlxe area occupied by an antenna
is, the larger space for installing the antenna is necessary. Therefore, an
antenna 15 c~rnprising a phase converter has |limted uses depending on the

instal [ ation Spagehs! Vigr @,@Hgfaw_gg.ag’e thie t B E A veRtidN A B! eg#&e&ejoﬁnt enna

body fornxed into a flat baa~rd is conparatively thin and requires y a

smal | i nst al | afdrdorspagkasé toheBdsidkOoP wb b naes ihfuptad aaynu%{&g&t an

apparatus for txs,nsmtting and receiving data through a radio )

exanmpl e. Anonghroughcdifferam faidiay PEResat05eS1 08 byda RiifdrehBedit@nna in
the farmof a Flat board, there is a canmuz~ication apparatus oanprisi~.g a
phase convert dingdesgibs kb, L2afs2-1.1) tardiménetedha phdse didfareinteact5

br oader frgque cy bangw dtbf. Haw ever, such a conmunication 4 ~Xppar at us
requires t aﬁi‘é‘—-&qg&?gé repetved B theantemna bodyt1a3.t hFhem, dhican ihpeutt o t he
phase converter,.and thus, grows in size. As a_exanple o the communicati ozl
appar at us wi t S EpL ?zmlﬁgﬂ%ﬁﬂaﬁlgﬁﬂltwof whiebfthe twa shgnaly aftere is
an onboard 5 Z]\éitc or use in an ETC S:EI ct xo~xi c ggll ~ol l ectic~n) system
and an ARP (EI'&&% POYRSE RBZYCLEG:ia1H) 99@? . ta; and frem dheosBtexnalievi ce

bl gh. denanc 0% e 1 H1d: EPoh BRstic, of e iiriaen naflr T an ©
Pl osxt on of i ENESCP0NE TS Srovifoh (il 0GRS RI LA B o

antenne, body 1U3 affects t ntenna characteri stics a”t

|8, In olber gwoidtd ddididd sovideuBhl ehebhcRIEEANSS tile Ihditid ot B

phase converter 1Cl arranged in a, position adjacent to a corner

quadrangul ar ahirewgh-holy foidedssierkimgl rdigth bRe hodild, uen, Ge 15 to the
antenna charactexi,stics owing to the phe,se converter 105 than the second

conventi onal ant enndlh@$hind/ icagve héiqrdsenteomve AdreckdFitutes] xs@e@hi iz a
posi tion adjacent to a side of the quadrangul ar antenna, body 1U8 (see Fig.
5B). This is rapEeclvankageaus dhanethedfonrthh¢onyansionald avtend@ a2den~xa

body 108. In the electric figeld distri th ion, regions in, the vicinity of
the center of PHPESHRE t5e alvzemipniiangfcirmlanigienne bodyc128dndhatand

regions ifsthe vicinj fath of. the sides of the guadrangle have |o
el glct ri cI Plﬁe| ?flsyr’]%rﬁi,uet)ﬁr/cagrb?gﬁﬁ?%%ﬁi Af e Iﬁ’f‘ﬁffén?émf% gﬂ‘é‘cél E?ﬁlili é’e}/i el dW
di stribution, thehnkshidesd A f"?éegéhd“i% 4§ Phase converter 105 is arranged

0

inthe ~ricinity o a cornea
For an antenna comprising the antenna body 103 on

which the two feeding points 103a, 108b are formed, there is also
an antenna 101 (hereinafter, referred to as a first conventional
20  antenna 101 as well) comprising a phase converter 105 between
the two feeding points 1084, 108b and the external 1/0 terminal
107, as shown in Fig. 5A. The phase converter 105 converts a
plurality of signals of a different phase inputted from the outside
into signals of an equal phase, and outputs a combined signal

256  into which the plurality of signals after the phase conversion are



t he quadrangl e where the electric field is low. Since fluctuation in, the
electric field distribution influences the antenna cha, xacteristics, the
phase converter 105 can be arranged in a position adjacent to a career t-~f
t he antenna body 103 where the electric field is lowto repress the

i nfluence to the antenna characteristics. however, conparx~xg the area
occupi ed by the antenna bodg 103 and t he phase converter 7,05 in the .first
conventional s.~,tenna 101 to the area, occupied by the sane iu. the second
10 eonve~xtianal antenna 1U9, there is a relation of "Al ~ A2" between the
respective vertical dinensions, sand of "Bl ~ B2" between the respective
transverse di nensions. Fromthe above) it is understood that the

substantial a ifegupi hgohiéstioaNVantdonal 100tennprisifig el >C
$X) is larger E=t8 ;br%ﬁt%%e I%H%tt}gﬁtaz?(ti al Igr ea occupi ed by the?seco%d

conventi ou, al Pﬁ@s@@%@r‘té’? 108225 SidtheiCans hAdhy, frefachicyiawdwidit | onal

antenna 141, in ~rhich the phase can'~erter 145 is arranged around the
antenna body 3f08hénradp@siiaven wHjidcecdint bea trenseitoédt badquadeangl e (see
Fig. aA) in order to repress the influence to the 20 antenna

characteri sti egmmeeiitesha thirdhemverdiogel andennaddiliwhich perfaraphase
converter 105 of the first conventional, antenna 1Q1 is fornxed into a near
rect angl e, b Thedefser eonvisesitinsthy-xedivwdingebhe hb%hd@@%bﬁvéfté*e é&Bseand t he
antenna Y~ody 103 ca.n be short .in_the centr

] gl porti.qn, o({ tthe ~5
| ongi t udi nal ~ ferwed betwrenpthes feedingepornty 463 ang fhegexterpal once
is inevitably fang i n both portions of .the, |l ongitudinal.]en t he
phase converté!gl e tﬂi’rnﬂwar‘é& A\aeg i sp%gé'ggégle&%ea%dagé‘?%é%n bot h
end portions cxif th? ~, ;Emgi tude~aI J‘*?ﬁgth of the phase converter 10~ az~d
the antenna 5 CLEStIcE AT PRAGH t the area oooupied by the antenna

as a whol e xs enl ar gpfly VAR Vo dtlbnaT antbhid 201! thptigeoticcphagh t he

present |.nvezxtzan 1S to provide arl 18 ant enna conprising a pk~a~se

converter lﬂt AVevErtERANT OB P BS® e FBr, X Dréupeds ea bYaddia phase dupveast gket o
antenna, characteristics of an antenna body as well as reduce an area

occupi ed by t heretdiRerof-the phest xopvertee 1055 shanptizs ¢hiod eonyentiomal
realizing the antenna and a communi cati on apparatus constituted using the
ant ex~~xa. . 1Gattermgldrlltwhich doestiet emoprishpay phaseavwsieyies.or The
transmtting and receiving a radi o wave of the present invention copprises
a.~, antenna bedgetadthe argacodeapiod oy &1 sadennsels.f thedargar spgce for
quadrangul ar f] at board Co~xstituted fray, an el e,ﬂlri c,conductor) and a
phase Con\,\,e~rt@,stﬁy,anguﬂ;bgt pptgnga 1s necessary. erefore, an antenna

15 comprising a phase converter has limited uses depending on the
installation space.

Moreover, since the antenna comprising the antenna body

formed into a flat board is comparatively thin and requires only a

small installation space, it tends to be included in a

20 communication apparatus for transmitting and receiving data

through a radio wave, for example, Among the communication

apparatuses with a built-in antenna in the form of a flat board,

there is a communication apparatus comprising a phase

converter in order to transmit and receive a radio wave in a

25 broader frequency bandwidth. However, such a communication



20 conbi ned signal into which two signals of a different Trhase xz~putted
fromthe antenna body are conbined. 'Y he phase converter is fornmed into a
near V-shape which caxresponds to a sl~,ape in the vioinity of a corner
portion of the quadrangul ar antenna body and i,s arranged on nearly the
sane plane as the 25 antenna body so that the inner corner of the neaxly
~-shaped 7 paxtian faces the caxner portion of the quadrangul ar antenna
| ady. The an.tenria body outputs receptia~x signals of ~ different phase
fraz~s two feeding paints, respectively. The phase 6 converter ccr~.verts
the two signals of a different phase inputted fromthe respective eeding
paints of the ~xntenna body into signals of an equal phase, and outputs a
combi ~xed si gnabpihtusiedhithe 1 7h0eAIMNA Splts £A* Inbid1PshiohnoPUAE

wor ds, since the phase convertex is forned into a 10 near v-sﬁape
correspondi ng antéhaashed€o ithetpleady c6hPbiterobhndhth ¢d &fw@enidigp. of the
quadr angul ar antenna body, it can he arranged adjacent to the antenna body.
The a~xtenna conpri siAsg as exhnp jeh afetleo notah irinieani dro QY a til 3 itRN 0f
wast ed spaces between the phase converter and. the anterins. 1,5 body.
Accaxdi ngly, bYuilttip-antemhadgn: tlee forwi bf e flatbedrdpihese ithen sulistzadt i al |,
area occupi ed ay t he antenna body and the ~rhase converter can be reduced,
and nini at & i z88VH% fon nee dptan AT Elpstrenic Teld Callectiop) aystem ande

t bod d t d ly th
olanc” means Bt RO \RHECURESS afBd rERGSRED PSR, y BRBCS Lol amc.
b~zt al t hat ten-xa body is. farnmed i d f flat b
(or9. the baa-PRpoal EREeBIE¥euiin itre, S5hgHG sahare che Bastelleticror e
board. | th 1 = ISl L t 25 .b dth
SRR T g e I R I S N
(e et | eness B ib APl Oh Sifad EREHRRSIN IE a8 EFIN LGB ePREPe o

t he present ixwention. Wen tl~e antenna ase conv r are

arranged ditde b@5sugeapedd ipheelitiondidahecantehls HEAP! 188 RfRLid YRl the
antenna body 5 to the phase converter ns,y be determ ned so that the inner

vertex of the awvtehmaVehhageibnpstits oof dfhd hmitehase nalvel08r fBEestlaCOr ner
of the g, uadxangul ar antenna body when | ooped thxo~t~h the |at board toward

t he perpendi cum@rdgi ridia ifirst convehsiormdommtennacd (Xl tmvimgerthe pheddee
present i~,vention 10 is adapted to arran,~e the phase ct~nverter i~. the
vici~xity of ateBYerter 90 aszanggedrimgupesition edjacenidyo a herner bfidhee t o
electric fields_around the a,n,tenpa_body ca~x_he reduced _and the influence
to the ant ennadBRESrapgulasantenpa H@Yrﬂd%és%ﬂ}grﬁé? kan 1pes dafluasmed. -5

W th the payetsthe AT b iuBIRR v ing KG HhocPest romiactand0s
character | st Lgﬁ%iﬁféd"g?ei‘fgm DoRoRY iR A P WY 3% Yildse®S
converter 105 arranged in a position adjacent to a side of the
quadrangular antenna body 103 (see Fig. 5B).
This is related to electric field distribution around the
20 antenna body 108. In the electric field distribution, regions in
the vicinity of the center of the sides of the quadrangle have high
electric fields, and regions in the vicinity of the ends of the sides
of the quadrangle have low electric fields. In order to minimize
the influence to the electric field distribution, it is desirable that

256 the phase converter 105 is arranged in the vicinity of a corner of



It as preferable that the antenna body is farnmed into a ~0 s~, ua. xe of
wdich length and breadth are the same in order to transmt and receive a
radio wave in goad condition. The antenna body in the formof a square
al l ows the frequency bands of radio waves detected in the respective
vertical and transverse directions to be confornmed to each other, aad
thereby ~6 transmission s;nd reception of the circularly pc~larized wave
can 9 be perforned with precision. I~ order to arrange the antenna body
and the phase converter in predetermx~,ed positions) the antenna body and
t he phase converter may be fixed respectively onto a nmedi um Wonenber nade
of an insulated material, v~rhiCh fits xntt~ the space between the antenna

body and the ase caz~verter, fax exanpl.e.. =',ar ;anotl e - the
phase convert the GRAGUANERE X%tgﬁﬁe%cﬁ’ﬁlf‘io‘ﬁr’é’gﬁanéﬁ%‘a glg{r@hgghrd sa
that the inner vertex of the neanly,.Y:shape ' t

converter 10 fAcddhg oege‘i%}‘he legfi %/q‘?@t%@é%}%ﬁggflyr&;}] gnngﬁgogy. ‘Iinxfﬁl ot her
war ds, since the antenna bho I Sv.f | t ment
of the antennf 55?%135?1@, %&rﬁh?%@qﬁ}pﬁ& @bqé’eg(%/aeﬂr) Ws%ggght% ﬁg gﬁtq{lenna

body and the %P;%iﬁoggﬁﬁi&ée@ﬁ; 8 dor¥8¥ dPthd RALEARE Body 403 Wledde/the

posi ti o~xrng i'ces can be easy conpared to a case where both

de~-rices gge feilgmi@nﬁaﬁpairsawwb«earf@preﬁbeméomﬂueml bo cite dapxaima i ons
for producing the antenna are eased. "Accordingly, the present invention

enabl es easy gH:aageeEBticef the antenna body and the phase converter to ~0
target positions, thereby aJ.lowng mniaturization of the antenna, and

al so repxesges fl uctiletdevrrpfconnparingethe. avdmronengripdt bys thaggntenna) ty,
since the conplicated operations for produci ng the antgnna can be,
di ssol ved, prdehdy 163 ehi th@rni;aqmponﬁexte@ﬂ&%w, the rﬂeﬂ?%ﬁ’-’e&@a{ﬂland
& Ceor iy, e e fof e "Srd o Fuptod By e bathe £ 43 aeblnd
10 conventional antenna 109, there is a relation of “Al > AZ"
between the respective vertical dimensions, and of “Bl > B2’
between the respective transverse dimensiong. From the above,
it ié understood that the substantial area occupied by the first
conventional antenna 101 (A1 X Bl) is larger than the
15 substantial area occupied by the second conventional antenna
109 (A2 X B2). Accordingly, the first conventional antenna
101, in which the phase converter 105 is arranged around the
antenna body 108 in a position adjacent to a corner of the
quadrangle (see Fig. 5A) in order to repress the influence to the
90 antenna characteristics, occupies a further large area.
Additionally, the phase converter 105 of the first
conventional antenna 101 is formed into a near rectangle.
Therefore, the distance between the phase converter 105 and the
antenna body 108 can be short in the central portion of the

25 longitudinal length of the phase converter 1005. However, the



When the antenna body and the phase converter axe fixed on sepaxate boards,
the xelative position of the a~xtenna body to the phase converter ~xay
change due to the pasiti,on change of one of the beards. Then, thexe is a
fear that the phase converter 5 nay be noved to a position where the
antenna cha. xacteristics are | owered. The present invexxtian prevents the
rel ative position of the antenna body to the phase canvexter from changi ng
by fixing bath devices tsn the sa~m e board. ~onsequentiy, |owering of the
e, ~tezxna characteristics can be 10 prevezxted. It is preferabie that the
board is nade of a material. which does not influence the high ,frerluericy
,characteristic of the anten.~xa body. Then, fluctuation of tb.~ antenna
characteri sti cg Xggh : b rLevent i i sre nsi ve.
1b however, t?élsgﬁ?g%mg? g?llétq#e%&?re?g%tgei %eﬁ?itgn é&% ?’gg’ggie&t héf tHe
substanti al oclowidibadBiglalenbtlr 6ff e pha@RSeHBidre8r A5, helP@ehdr GRgh e
xeduced caxnpared to before, arid cost reduction can be achieved. It is
preferabl e t hawaatdd axpecepace tBemredildas deal Urath ehd pordiodened ahbody
and the phase converter i~x order to repress the influence to the antenna
char act eri st i congitedibiadr Bngtheofithe rpizade edpverterb0biamd thie aneeshde and
t he phase converter nay be fixed on the other aide of a board. fn. this
manner, thé speedy 1&3.resultingdm thathedycandcuhitedbysthe antennarag a 2~
enl arged and f| cﬁuati on of the antenna characteristics can be 11
repressed. AchB@'?l@!i?Pl@l‘(ﬁQd-sm ssion and reception of radio waves in good
condition can be achieved. Zu this case, it is preferable that the rel atave
position of the antenna body to the phase converter is determ ned so that

the inner vertex of .on of the plx~zse converter
feces a corner of th%%&%%ﬁgﬁﬁm@wﬁ when | ooked t hrough the
board toward the per di Lf.ect.l : ofvert . ee
Fig. fiB) is consti t?t%%d @%‘ﬁtﬁ?ﬁgpgc%)?lgge%@nlgﬂl%?%r?mfoir}’mﬁ;r?g%gog%gél éﬁ

rect angul Ci | 4 g [ A e i i i =l
gul 30 cightddhal édifpridngoy phasepg?hﬁeﬁ@i Ry ifdttﬂgcdae r}:eﬁiri-i%'shzan S

dividing the |line extending to the“circunfexez~ce o ec Cc conduct or

into four sepairflecnes biyotlte fhakbajoniviaetéespanitbMal dHardtbPRstivaY6f RRIL hs
are equal to "A g/ 4" (Agi1s an i~xtra-line wavelength of a radi o wave

transnmitted anintened bedy ad welliastradudexan amecdeupiet by Shdeasteinia,nean a
wavel extgth in a_free space but a wavel ength of a signal t~rithin a

transni ssi on | R4, torRoYisler alsconpphase icvmviegber for sealigingddendnténnpart s
105e and | ~5f through wer hich .two signals of a, different phase are

inputted, a thPf & FPromypicatiey anpxafmssnstigted ueingthe anterog s
1 tted d f h 11O t 05h i i ted t i st
ot Chagrne 2 | oot akder P LndiaRd; P BBovE, SBIRNES | 56 hEmR TS an
e _resi . . ; o
T et and the bimsifitthg Mad PeddiyihEa PRI 1 AEUIH Bosdll 1V 683°, L

the third and gdvaprdsed tdh | dftenna body for a circularly polarized wave,

formed into a guadrangular flat board constituted from an
electric conductor, and a phase converter for outputting a
20 combined signal into which two signals of a different phase
inputted from the antenna body are combined. The phase
converter is formed into a near V-shape which corresponds to a
shape in the vicinity of a corner portion of the quadrangular
antenna body and is arranged on nearly the same plane as the

25 antenna body so that the inner corner of the nearly V-shaped



25 parts 105g and 105h are next to ee.ob, other. Afirst line 105a 12
formed between the first end the second 11 Q parts | USe and | a5f and a third
lirie 105c formed between the third and the fourth 1/0 ports | Qg and . 05h
are formed respectively to have an equal line width (~Y1~"W2). 6 The phase
converter 115 converts two signals of a different phase which are inputted
fromthe first and the second I1U ports 105e and 105f iota signals of a,n
equal phase, a~xd outputs a conbined signal into which two signals after

t he phase conversion are conbined to the third ZI O port I D5g. 10 A phase
converter to be provided vv~ith the antenna of the p~tesent invention nust
l~e in a rear. V-shape. However, if the ~. ft~renenti.aned phase converter
constituted frosptiéhefstlencthe Ceax@erdyettibnrof nfhed qlqgadl%é}iézna&eﬁh%@ﬂﬁhar

G xcular iix~e is be~xt in the mddle of a pair olines corresponding to
the | angi tudi rixady.15 | ength of the near rectangle (the first and the third
| ines 105a and 105c), the nearly V-shaped phase converter can k~e realized.
In this ease, the fiThe mmwiie bedgaruihtEOrqueption eighabihof wodffaralts of a
di fferent phase are respectively inputted are foruzed on the inner |ine of
the nearly V- agee Beom powoi daeding hpoots| aespectivelxductThe i phaesi ti ons
symetric with respect to the center of the bent portion. The thiz~d and
the fourthoTI gpbrardes cnvertedhentwosianalepf g differentphaserinputtedaped

portic~~x of the elgctriic cgljrwdu or. iri vsiti£x~s symretric with respect
to the center X (P RERPeGEYS JReding, §eQt thaysinteman beay HataEar | y

t an~x~I 3 the |i I hs in .the. in~, d
he. curer i neUeBRIFTRE B PURal e T ERe o hmta: erfombiet et o T he
l'i sl e between Jvﬂ?cﬂ't tﬁv?ggégﬁglssgggggdﬂi 8Eiarts and the |line between the

tixi,rd and the fourt S axe forned to have different 5 |line

| engths. As a resul tin YhBet WASrd €290 t}yﬁﬁb ﬁ%& t 9 ¢~ barts
are different, and thne phgse con\ie%?s?%rﬁng ant | t%ée.&gvgn E’%sfg\gg%édrg%gogg are

affected d0e twed&/iskd)d) a6eRsbyoHdiar! {d'eheayeh S8 G tREOvichRASARE {LREt Ween
the 'O ports of the two signals. Consequently, 'neither appropriate phase

10 conver si on samegoportidn oof che haadrabenled hatéhsat bady] diakinohea
different phase. Tn the a~ritenna according to the present invexltian, the
phase convert eirnangashsw@diacent f tom the elaedenna cbndyct or Thexnantgnaal . a~. g
circular line which,i.s bent in the mddle to forma near ~1' ~6 shape. The
~.rst and the <QREBRFIPE- sWsh: A « phase croRVRrterg6aNS MRVENd fcreation pHase

por t1 on-of 1 eV BFE rREe g HEFSET BB RERe SUSEgTHRE: Rl Jeh SRESRBe: (o
Lhe oont c18d By PoMeciRRIA N, WY e1fifin iRl 100 paithfe Wistod ShacsS! oo
the substantial area occupied by the antenna body and the phase
converter can be reduced, and miniaturization of the antenna
can be realized.
The expression “the antenna body and the phase
20  converter are arranged on nearly the same plane” means not only
that they are arranged on exactly the same plane, but also that
the antenna body is formed on one side of a flat member (¢.g. the
board) and the phase converter is formed on the back side of the

board. In other words, the antenna comprising the antenna

25 Dbody and the phase converter arranged side by side with a slight
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20 fourth of a wavelength ~ g of a radio wave transmtted and receaved by
the antenna. The third Ilt~ port fromwhich the conbined signal is
t~utputted a.nd the fourth ZIC) port cr~~ nected to a resistor el enent
hayi ng a resi stance val ue equivalent to the input inpedance of the outer
line to which the third I/O port ire ~5 connected are farned on the outer
line of the nearly ~I'-shaped 14 bent paxtian of the electxi.c ca~, ductar
in ~asitions symmetric with xespect to the centex of the bent portion and
in positions where the | ength between the ports is about one fourtlx of the
wavefaxm ~. g of the radio wave transmtted and received by the a~xtenna. 5
The width of the |ine between. the ixst a,nd the second |/a ports and the

wi dth of the linbervdt beewebhe(d bi e Hidlite ds2oX tthel QA g&g?ﬂgg&rm‘ ned

so that the two signals inputted to the first and the secC~zx ports
have an s, | m asithénual tevharegk dcops. oSuble pReséRfiaSERRion] Wheh! Ehparts
allows the nearly 10 Y-shaped phase converter to convert two signals of a
di fferent phasatenia bodyxaidthé pitasguehvphianears areaskbd Sderbienga: e,
since the width o the Iine between the first and the secox~d 1/O port's and
the width of twéh theebbardbetweks, theiredative pdeitivouof thd baSepes Bodye
detex. m-,iped so that  the two 1~ signals inputted to the f..ixst and the
second |1 @ potesthaehase cpuierper sugy basdetermineined thanahei dhoewhi ch
the two signals fterﬁ’%ﬁg Ehase nyersion are appropr~,ately conbi ned can
=Fi

be outputted. VARE®¥ it ganky, '§h§ﬁ‘l@daﬁ’d'¢w;§’e&§n@ée behase reqrrented 20
Poter 1ines ofifed'farief Ut e St At Sutit SR EnaThad; Mheriookefe.

i dt hs, f i ~ dj usti t [ i i dt h f th
\rMes peit i vg I ?)ﬁgga {lﬁl 1%]:[5%3 %‘?&3’.‘%@ %@%Eg%ggtﬂ%%ngﬂ&ﬁiﬁ% da*r']eeci\imﬁﬁlf f Zr gnt ©
phase to signals of Iﬁi‘rtﬁ‘l&‘ﬂdor@t‘%ﬁﬁce%ﬁe”ﬁh%éﬂﬁg%?ﬁ@%x{e%?% jﬁéﬁm@ 5 :m

signais to be equal, and 15 out put a conbined signal

signal s at@er it hed piase t6 M2 theXFhaRe’ ' Vi [ . h
nearly Yshaped phe.se convertéfg The Fi nggwwé{‘t\&tg?ktlﬁgggﬁ {r}lgérinil%gtfo t he
bent portion iceraet 5ftﬂ1é1aqeaah@ngamﬂaaﬁ6eﬂﬁh~zaaggzmbti}ﬁlhbﬁee\ﬂﬁtéth of
the outer line_of the bent portion is set to have the inpedance "Z. 2624"
where ~o is t edeqtnpridialds caronual dhet antexnerbmly kcancbe Adiditeodaanid thet he
respective phase conversi ﬁ~x quantities and pe.ssage_ | osses o two signals
of a diffexeri & o the pntenyn chayacteriptigs by the) nbese mpnverter
xntra-line wavel né;ths of ttﬂe li,z~es formed between the first or the
second rl C~ pgﬁfﬁé EGPTH®%%Ni xd or the fourth [1t7 port. Fox exanple, when

the firstggnd the thisd ki ~xext ot h other. the |ine |ength
ay boo 28 so chalCRECHRRE S, BrfanlRth tRe RHhaRe Hheehbhmctvon
first d 15 hi : [ e 3 R [
poi nt_of the I ehuBIPRGThaFIEE WhecHified oonvedter, of epfed) WA Tho

circul ar i neihflueticel {dTthehit@ it cRAkhbarivRE LA Sftahi bbiypy! s Is
nal's of “2U a

formed. Accordingly, the present invention enables two sig

di fferent phashetmhasw eonverigrand wedbaagedestlendcehpieerabhes the signal s
to be ca~xverted into signals of a.n equal phase even when the nearly

reet ax~gul ar phase dérigepreferable rtdedf tha wentdnmso wdyeds Mdrababdntdsaa
xesul t, is possible to, gutput ~, caxnbined signal xnta which the two

si gnal s ;#Qer san@rgnek svhigh dengthy and breadily egei thel samenin mmter to

transmit and receive a radio wave in good condition., The

antenna body in the form of a square allows the frequency bands
of radio waves detected in the respective vertical and transverse
directions to be conformed to each other, and thereby

26  transmission and reception of the circularly polarized wave can



16 I n anot her aspect of the present invention, a phase converter which
converts two signals of a different phase into signals of an equal phase
and which outputs a cc~m ~bined signal. into which the two signals after

t he phase conversi ox~ are 5 conbined is provided. The phase converter is
constituted froman ele@xic conductor orming a long circular |ine, which
is bent in the mddle of the longitudine,| length to farma r~. ear V-shape.
First and second 11O ports to which the two signals of a different phase
are inputted are farned an the inner |uxe of the nearly V 10 shaped bent
portion of the electric candtxctor in positions symmetric with respect to
the bent portioxx and in positions vt~b,ere the |length between the ports is

about one faurfk e ~:g..0f the signals inputted Examthe
outside. A thi rdpr/ C%ﬁgg;aﬁb%%trg }S&gnt he conbi ned signal. is outputted and

a 1~ fourth Il U por I OBARES o8 tarAnleeSiihiOritb e H¥ay A Ot "SRk S) ance

val ue equi valent to the input inxpedance of an exte t he

third I'1(~ portonsexterrin pesdetartined PdifonkheheW Sledhd G gy LR pEaT! Y
Y- shaped bexxt portion of the electric conductor in positi synmetric

with respect tphastecbrmerf pealy die afixéd rdepectively Whebhe 4 "addgaat
between the ports is about one fourth of a wavelength x g of the signals

i nputted frfom weanhexrrsade of-ai instil s dvodd terbel, weRinh it sfintstthansp 466
second I!(~ ports and the line width between the third and the fourth I1(~
ports are det ebetween dbetamtenna hody singnthe phagetdoadrdrtet,hforf éxoips, and
the second I1 O ports_have an_al nost equal passage |loss. m This phase
converter can be usel9Falnsther fBgadde, v dphaspe comwester e anidonthe

o anti onal *HYBTH T PG ERCHR AP Bhd omche samechored Soalribo imnepace.
It A ~ I Q [ tq ft\Wa si I f

i ferent phasterErantam® thetdy, Vb EaRAdr RFaRECel b sdhaer sonediteny” °
perform agpr ofideditd &lcdRftbr Yo quati-Afedife 33ALARG Bogpect Of the

present invention, a comruni cation apparatu of tra ing and

rECei rring data to 1fh atherawoihs, Quhed 48 eUgihbdnAa" 'rﬁptiggf@;,gﬂe;% gﬁ@giéjed’

v~hi ch conprises the aforenentioned antenna. ox trans receiving
the radi o waveflat rbetride rtheoiadsachhe e 6f @lenahteihx cishdP taNMKe HdA is
mni~aturizati Q-, in conparison tt~ the conventio~aal, antenna, 16
fiherefore) t h@%ﬂlﬁmni%ﬂ'ﬁ@ﬁeappﬁnae ushef amtenmeedenty i andntihen plaasd educe
the installation space, and, xealize xt~iniaturizat~, o~, of the whole

appar atus. Si ntARY4Teh ¥vR HFR Y gHe theh same heardomelasive Ipasitisming of the

antenna c a jStics, the ,communi.catic~n appara~.tt~s of ~U the present
i nventi onli?z’inog’fgi.agﬁf?qs SRE be easyLompar, ai f(?paeﬁﬁb‘-"et grthere both deViGgS

are fixed on separate boards. Therefore, complicated operations

for producing the antenna are eased.
Accordingly, the present invention enables easy
arrangement of the antenna body and the phase converter to
20  target positions, thereby allowing miniaturization of the antenna,
and also represses fluctuation of the antenna characteristics.
Additionally, since the complicated opexations for producing the
antenna can be dissolved, production efficiency per unit of time
can be improved, and accordingly, costs for producing the

26 antenna can be reduced.
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and fromthe outside in good condition, and perform preci se data

transm ssion and reception. ,~ln exanple of the conmunication apparatus
Conprising the anten~xa is an onboard davicc far an FTC and ARP' system 25
Since s~zch an onboard device is nmounted an a vehicle with a 18 i mxted

space, there is a high demand or m ni at ~xxi zatian, Mniaturization of the
onbpa~rd device is possible by Gc~nstituti~xg the sane with the antenna of
the present invention. I~ additiao. to the mniaturisation, it ca~Xx
repress the influence to the 5 antenna characteristics, and accordingly,
preci se data transm ssion and reception can be perfornmed. BRI EF

DESCF, | PTIC-bl OF Z HE DR~-W-~TG ' T he invention will ~, ow be described, by

: RPN e S e seser!
W okes Fro Th e aNHbd b RHERACHORT SRS BRE PHRES Stk e K fxf g
Fig. 1P i W[ PR : . Fig. 2
5a cirouit o aerharaod PRMEAE Bhe ARl FOERIORES fha ARshpd Wy 40, &
Fig. 318 are dihhisalcaryeiantiuhnies RAIBhE oddtichld alﬁaéo@?%%ﬁ?gs

digital board axed various devices (Gox~nected to the digita

4n kX are exXtballiugrds. evBhoh, ohiaes ieThafiun EHab tHeSphalse tdidertar
arrangenent of a~, antenna body and a phs,se converter to the board,

~trb, ere FBg. mAyshevwmovied totsepoaitiodywherd the miasens ahareeteristiesr anged
on the same plane, Fig. 4B shows the antenna body turned by 45 degxees)
Fig. ~C shows &lfe lowatatha tbdy puesedt binvientiogr grevemdst libephrabetive
converter

position of the antenna body to the phase converter from

changing by fixing both devices on the same board.

Consequently, lowering of the antenna characteristics can be
10 prevented.

It is preferable that the board is made of a material which
does not influence the high frequency characteristic of the
antenna body. Then, fluctuation of the antenna'characteristics
by the board can be prevented, Such a board is expensive,

16 However, the antenna of the present invention can reduce the
substantial occupied area. Therefore, consumption of the board
can be reduced compared to before, and cost reduction can be
achieved.

It is preferable that a large space is provided between the

20 antenna body and the phase converter in order to repress the
influence to the antenna characteristics, Therefore, the
antenna body may be fixed on one side and the phase converter
may be fixed on the other side of a board. In this manner, the
space between the antenna body and the phase converter is

26 enlarged and fluctuation of the antenna characteristics can be
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2~ arranged on a di ~' erent face when | ooked from axe antenna face) 19 and
417 shows the antenna body turned by ~#5 degrees a~xd the phase converter
arranged can the different face when | ooked froma part face; Fig. 5Ais a
schenxatic diagramof a first conventional antenna conprising an antenna
body fornmed into a quadrangul ar flat board and a phase converter arranged
inthe vici~ ity of a carxxer portion of the quadrangle, ~'i,g. bBis a
schemati c di agram of a second conventional antenna caz~nprising an antenna
body fornmed onto a qus.drangular flat board and a phase converter 10
arra~xged in the vicinity of a side of the quadra~xgle, Fig. uCis a
schematic diagramof a third ca-. ventianal a~xtenna v~rhich conprises an

body f h
Commor s on’ ortpiEesedt 0 A dHahaN A nbyiteilg aﬁ‘?‘@%‘:&@ﬁﬂq{g@f 8038
different, andyfye§-in gddd %oﬁdiﬁoﬁc Eéﬂabbcagﬁi%gre Ofy, atlfc}gu&tﬁ Sit ds y

convent|~a ~xal antenna COﬂpFISXt*Q an a~xtenna bO f'or me

G, xcul ar fl atphdarsbldtBat §hel Selafiven eéﬁ%dnvdfevhé)fa r d
phase convertepr Xn an errb%dl m‘gnt oflthg pr esent |nver111£%;e§%% wgyjﬂlﬂlgﬁgG IS

an enl arged viphasd conveatdy is eddtarginyd pbagienic ehueikedy ¥artde ¢ tRE art;

Figs. '"7A-'" 1l k show neasurenent results concerning a passage |lass of a
signal in bhe pimdy ¥eshapadportiver of Fhg. piesd sonterteli fagbsneaspher ofent ,
Fig, 'I~is of a seca~.d. neasurenent, Fig. 7Cis of a reference

measur eme~xt , heiqragrangelas mﬁeamahbody,~'6'hmabun1m1bhhroﬁgh thie hear@A- SC
show neasurenent r uiéts concer ni ng a, phase of an output signal in the
phase convertefto,w‘\ﬂffg fthe megpepdicul atrrdueptm maasur enent, k'xg, 8B is of s.

ref erence ~aaeasure , and F tlx d. x~as. surerrant and 5
Fig. 9is a schematln‘g é’l‘ t&ﬁ ]éirﬁé‘?ﬁ? h%ﬁ"??f&ﬁ‘émd f¥gre aRcei ve

e ORI ha??‘édNa’%lg*ﬁFtﬂEﬁﬁﬁ@fE“érﬂ%él W@EX ARt

di agr am ofoan 5 (FOCHXAN GROALBENEIG) 9 amaﬂsdax ffnk 336078h00 1O

the present invention oar ce 1S a conmun

appar atus whi Cékﬂe&dﬁﬁﬂ'ﬁo%h@&r@uﬁﬂ‘é’r@h%e%‘fﬁohél%gﬁﬁigg%s thF 48y Pul radi o

wave to and froma road rids device |ocate

Fig. 1A) the HRpmanlteasattins 6 fheprhei FaH RV iRAY- ﬁn@ wav@leﬁg@héal
board 13 and a di splay portion %LCD oirarxit board 15). The ~, F board I1
and the digita@reeandl 18 ‘% ¢ Ldhrdcg ad a&mtm-ﬁxrastvmmrlnngthaiﬂ Dradabl e
CAl, a,ud the digital ~0 board 1S and the LCl~ circuit board 1~ are
connected vi a “éagécﬁ’ﬁ%ﬂ@&%#x@fhmeéﬁ%@e ~Ahe imdrefimeneyelengthi ce 1

is also pl_.’l$VIddWIt a card hmf@é'&ﬁ uzzer, ich a.re ~,at shown in
~' xg. 1A JRSOHh PIRAN pWRYRIRRE IR 8 iTRe spasent pokavelengthief & t hird
communi cati on g, ﬁm‘} "uilnth %‘fzz?r LS 11anaeot ed to the 25 digital board 13
via a fourth co YGati o Eém%gf

The four I/0 ports includes first and second 1/0 ports 105e
and 105f through which two signals of a different phase are
inputted, a third I/0 port 105g through which a combined signal

20  is outputted, and a fourth I/0 port 105h which is connected to a
resistor element having a resistance value equivalent to the
input impedance of an external line to which the third I/0 poxt is
connected. In this case, the first and the second I/O ports 1056
and 106f are next to each other, and the third and the fourth I/Q

25 ports 105g and 105h are next to each other. A first line 105a

12



The RF board 11 is a PTFE (palytetra.i 7.uoroethyl ene) or BT

(f3sm~. aleimde-Triazine) resin RF board provided with a part face and an
antenna face. A phase converter 2% (also referred to as a coupler) and a
signal conversion cire~.zt 25 are attached an 5 the part face, e.z~d an
antenna body 21 is attached an the antenna face apposite to the part face.
Fig. 1A shaw a scheu~atic diagramin the part face of the Ti.F board 11,
arid ~'ig. 18 shows a schematic diagramin the a~,tenna face f the R~
board L1. The antenna body 21 e,nd the phase converter 23 constitute an 10
antenna 20. Details of the respective de~rices attached to the RF board 1r
are explained by way of a circuit diagramof the devices attached to the RF

b d, sh Xorii
oard, shown, Xoriied betwdére tAetfEioa RAFheldedond qméféjrﬁf.?i(g ati(ﬂji‘pégdl ng

fl.~xt board 15 constituted froman el ectric conduct

poi nts 2la, 2lmnthachiedijg 105¢h6rtseahawtidd EK@%&Er@B%’iPtH@?@&fﬁngd om
the received radio wave. In the center of the antenna body 21, an earth

poi nt 21c el ecoréal 136g et dObdd ave tformee §respdctioely o bravel dadegial he
back c~ the board VI a through-hole farnmed 2U piercing~.y through the
br~axd is provi H&IWl H&V 57Wehna body 21 is adapted to recei ve an ASK .
(Arrplltude hi ft keyl(ﬂg% ilnal a 2.4f1-2.44CGH# transmtted froma tollgate
ant enne) (a road si chpasgs ﬁﬁﬂvﬁﬁetrréli{ﬁn90%V¢1‘1$T¢W9ha$$1a1$mﬂ‘ ta

keyin si gnal . 44| ~ The anten body. 21 is constituted Pram a
pa¥chg)25 agtenrﬁﬁﬁﬁﬁﬂ i’ L&éﬁ ArB lwgegzﬁﬂn% ¥Bﬁ§hﬁtsaﬁﬂdihee8@¢0mh e,
22 ri ght-han ul wave. Jhe antenzxa_body 21 uses a
hal f dupl ex cuiﬁg ﬁlb%:a |1(9$Xaén§10\@|5érl ?F%‘ﬁ%lrﬁ égaﬁﬁ ﬁﬂt“ﬁ’édpﬂasﬁxéi thase
converter 2~ c S5 diff utted
fromthe first %gﬁéﬁé%?oéd%bégg?%n%foﬁﬁt@ sVQ Wﬁﬁl%?aeltsh%ftﬁﬁqgﬁ y 21
into signal's otofiRepsion #te BHRIRNeANS QY 1%?/(?3%1} gignal . tux into
rsion

which the two signals Via, Sb after the p ase con re coxo, bi ned As

shown in AG. 7.~ ad bhheemhv@rﬂexbﬁ&meﬁréﬂﬂe@iﬁﬁﬁ%hjeua g@lﬂ %7of
t he phase converter 23 when | ooked through to a direction o ﬂ

wave transm ssP@ﬁS%ﬂkngeatmpt momsti besiet aate8r 8Vrahapydi CMdWeﬁé‘@rifeﬁhé han

a. le~.gth ( JL where ~. g is an intra-.IIlnE wavel ength "of the
tran~~xitted af ’Fﬁé&ép loaed adhasengonverts Rongtititeshdvsmanhenkls@sts Vi ew
of the phase coxx t? 23. .As shown_in dig. fiA the phase converter 2~ is
constituted f rﬁﬂ?‘ L oTming o aearly restaneylar mmulprehuepia behitnim bent

in the mddle nai.t udi nal thtofarma near 'Sl -shape. First
a.nd second I/~ Bar 'Bﬁgd% gfashé’azuéf” Fa?‘??@'&sﬂﬁntdlﬁg thtbe mglltﬁélml t he

A Comstan b Lo S N ARSI S o B
o L1 ponnt 0fog i AT I SRS ol Sl
symretric withInetpscease the fAbsicamieihef sé&@@eﬂb Dot Qe whith two
signals of a different phase are respectively inputted are formed
on the inner line of the nearly V-shaped bent portion of the
20 electric conductor in positions symmetric with respect to the
center of the bent portion. The third and the fourth /0 ports
are formed on the outer line of the nearly V-ghaped portion of the
electric conductor in positions symmetric with respect to the
center of the bent portion.

25 However, simply bending the nearly rectangular phase
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A first Line 23a is farnmed between the fixst and the second 11 (7 ports 28e
~xnd 23f, a second line 23b is fxnmed between the second and the third I10O
ports 23f and 28g, a third line 23c is forned between the third and the
fourth 11C7 pc~xts 23g and 23h, 5 and e, ot~rth l[ine 29d is forned

bet'w een the fauxth and the first IlU ports 23h and 23e. In other ~wc~rds,
t he phase converter 28 is forned into a near V-shape as the result ths,t
the first and the third lines 23a and 23c are bent in the mddle to fc~r~.
a vextex of the V-shape. 1d Aline wwdth ~V1 of the fixst |ine 23a between
the first and the second IIfl ports 23e and 23f and a |zne wdth yf2 of the
third line 23c between the third e,x~d the fourth I!'U ports 28g and 2%$h are

formed to havecéln\fréﬂfe@ﬁad@@&ﬂéshn’érhﬁ ﬁ'é Xibﬂijémﬁ lﬂ(f Qr\fﬁ%%é 970)

determ ned so that the ixo, pedance of rst 935%%s

and the |ine wbfitthe-Beng petiRpal ﬁ@%é%ﬂb&‘entthe ]JMH@E‘C%QQHSt Reel IT*r{éj line
23c is (7..25Z0) where Zo is the input inpeds.~ ce of art ‘egtexnal Tine.

Speci .ically, bbtweehtthe firptiand-eeedasad V0 imfrté e ¥heIRé Hdtifeds S05K
the line Wdth WL is set so that the inpedance of the first line 23a 1s ~5

fa, and the | xbhe thigd \rdl Khe2fdarthel/G @driiatarteh formpdden tewvel differddi r d
line 23c is d2.5 a the line lengths of the first line 2%tx and the third
line 28c of°t hB%d@@%bﬁvert&& a3 rgsulettheclinhatlengghs betwgeh 4phavhere
L3 is the respectlv |nt | uxe wavel th. The |i,x~, e lengths of the 2~
second di ne 23F°%Rff ];Ig’urpc‘ﬁ'tﬁi pEe 2§ arant; eande theaphase copversiors

quantities and passage losses are affected due to the unbalanced

intra-line wavelength and impedance between the 1/0 ports of

the two signals. Consequently, neither appropriate phase

10 conversion nor combination can be performed to the two gignals
of a different phase.

In the antenna according to the present invention, the

phase converter is constituted from an electric conductor forming

a long circular line which is bent in the middle to form & near V-

16 shape, The first and the second I/O ports to which two signals

of a different phase are inputted are formed on the inner line of

the nearly V-shaped bent portion of the electric conductor im

positions symmetric with respect to the center of the bent portion

and in positions where the length between the ports is about one

20 fourth of a wavelength Ag of a radio wave transmitted and

received by the antenna. The third I/0 port from which the

combined signal is outputted and the fourth I/0 port connected to

a resistor element having a resistance value equivalent to the

input impedance of the outer line to which the third I/0 port ig

26 connected are formed on the outer line of the nearly V-shaped
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$.2%) where L~ is the respective intro-line wavel ength, A canversian paint
of the line width in a circulax line {that is, an inpedance conversion
paxzxt) is forned .ire a positiax~ different from portions whexe the

respective 1/tJ ports are farnmed. S As shown in Fig. 2, the first 11~7 port
2~e is connected to the fzrst feeding point 2la of the antenna body 21, the
second Ili~ port 2~ is connected to the secaud feeding paint 211la of the

antenna body 21, the third 110 paxt 23g is con~,ected to a filter circuit
27 of the sig~,al conversion ci,rauit 2~ and the fouxth rlU 10 port 2%h is
grounded via a dumy resistance | ax. The pl xase converter 2% constituted as
al ~ave perforns phase conversion a the first signe.l Sa inputted to the

T8 gt G AV gk
conbi ned si g~, AdspBti (8 Chihietlic} Vg tﬂ)‘@}?béhﬂ riﬂhﬁu}ﬂ %nd iR ﬁééi‘i{oﬁggﬁrg{r\}gﬁgg

canversitan are conbi ned. Since bot Irst "and second signhal's

have an al nosttleslehgtlabeegechols pbAs RNEE6uE BRLAEThZT (IR wavedtm d
conbi ned signal iota 'which the first and the second signals Sa and Sb are
appropriately éagrofrthedradid wdveetimsmittdd, ahtierqueased donthet Sitethcan
out put the conbi ned signal w thout influencing the crass polari~atian

che: ~t e. ct 8xi sThe widtlof gher Hnedatwérmen therfitstnand thmsecondéOspartsand
conbi nation of the first.  e,nd the second signals $a and Sb which are

circularly pol &pfzie Wedshsofithesline-batveean dhal thiodvandi the doneth t1/0~, as
shown. i,n Rig. é‘t 25 §orgr.is s the filter ci_rcu'&t,2~, a FE' S ]
(field-effect PPESREG defpymene Sor@@épﬁh%hwgi%aaﬁ sénputted fosheifixati t 31,

an open stab ST receiv ata . e,~plification circuit ~3, reception
si gnal | evel a%Fﬂg'?%%ﬁ?“’é?‘fi{}?tP%@? h&"Pe%%ﬁja&P FAUEHPAEERERLPHh circuit
87 5 and a receptiox t.gnal O I The.filt circuit 27
extracts a signa3. e é@!,heﬁg %%fdpg%%%lt r?gl g%éjy%rséglé Seﬂ't]ioﬁ‘éé‘d%#?e E’y band
(~. 402. 44@z) Vighnpedi shabe PohYet Byt AP Osi 'SCe
transmtted in the ﬁé?\t e%a e20. 10 g%eft?:ETﬁzg i sﬁget %é%\ég?\e&gﬁ q‘%%%&a, xi d
the UFF stat esphaselititd@igfak of antafalshHASS ds'weklnitted frog the digital
board 19. When the FET 29 is in the TIJN state, the reception signal xs
passed t hrough the FETrgBermolre, shidectlicedridbhtdfetizptineshatwsdn thaditdte
reflected signal is again passed throug)x the FET 29 to be 15 outputted
from the ant ennadpidey speond Weepovtsnod teenidtheof Ehe2line. betwediheheFF

state, the recgption signal _is e{gl ected in the FET 29, and the reflected
sig~xal is outHurdesn tiomrght HAhRosbyare) detemineditsn dhat the hive

di f1 er énf:%ed%%%ﬁ!?a?ﬁn&%ﬁ%lﬂgf&?%?ﬁ%# %Qﬁeﬁ%o?ﬁ or i»%g%'fs Hajeeory
ant enna body 211 AR PEEBARe 18sp. € ORINTER Ciea13HR0 FRICH HHEIEBIMAR ¢ he
FFT 29 is tUr ngfieyOtheephkes r8lith ‘e ﬁgﬁ;@ﬁ%@ggexp e A3 Do

t hrough the FET 29 to be denodul ate al'ned reception
si gnal denodul attpatieid,cuit 31.

The intra-line wavelength and impedance between the I/0

20 ports of the two signals can be adjusted by forming the inner and
the outer lines of the nearly V-shaped bent portion to have
different line widths, for example. In this manner, by adjusting

the line widths of the respective lines, it is possible to convert

two signals of a different phase to signals of an equal phase,

25 adjust the passage losses of the two signals to be equal, and
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26  The reception signal denodulation circuit 31, is ec~nstituted frog a
diode DI, az~d by directly detecting and demadul atin, g the reception,

signal (2.40-2.4~GHz) witlx the diode DI, extracts data included in the
radi o wave. The open stab ST 5 reflects the reception signal to be
transmtted, toward the antenna body 21, and is used far generation of the
af orenenti oned PSK si~~,al. The signal eonversiox~ circuit i.s biased such
that when the FET 29 is in the OL~T ste,te, the diode DI is also in the

| 7hT state, and when tlxe FE'r' 29 is in the OFF 1D state, the diede 7~T is
a~,so in the OFF etate. The received data auxplification circuit 33
chrmprises ari anplifier, by which the demadul ate$ data in the reception

si gnal demdul AithRL & é&ﬁbﬁna&,sii[gﬁggfqeistbg' cﬁbaiegvﬁggﬁg%g%ﬁggﬁeéﬁghbon-

signal Level adjustnent ci~i ~cui provi

di erence in radeid @Anversion ake! AYSISp1SAYSE cBDIRRAANSEtRE nearly V-
characteristics (individual difference) of the recaptxt~n si gna?

demadul ati dn alrapad phbhseraaateredr.data anplification circuit ~~ arid the

| at ex expl ai ned received data anplification circuit 37. The reception

si gnal Level adj ustnEhe lie oviddhi of 8Be domerilire of ther bahl portipistierseYR
e,~xd twp resistor elenents 35a, 35c, a~xd absorbs the difference in the
reception 8i ~teahayefbesmprdance 09" vard the ding wilth afttdel cefersline

(i ndividual di ftj aregce; by adj usting ﬁ resistance w-al ye of the var— able
register VR . 9ffhebent pezhiomoissali hhave dhelinapedanaent . 29% 8 whers Zy-5 $
thermstt~r 35b s cvnx-~eet e%ﬂsi dleg%} Si df W tlGs the resistor 27 el enent
35c i~~, orderlsttalecbt?ﬁ)lé?‘lé@?@ Bt SRxternaldingeeption signal |evels by

diff i 1 i ddi ti by t dxf i the.r. ti
2 gnal 1 evels causediBHEeth Bt et e it bist dodereion uatibioten
Sob AL | by CTHR@ heEREY lossds GP RV SENAR TP ECae fRaV ey PelfINBT | L
the data #enodiaiferesd byt AajuAsARt {lan iﬁhﬂé@in&%@él‘é‘r@t}&%xb‘ﬁ%hbcl_ihtetsfieby

way of the anplifier $7a.. It anplifies the gain tvhich 1's short In
xecei ved dat a formednbetweeni the fivist o thé$3ecdhé 1/Ovpsitebnd7the Akexd ort he

signal the fourth ¥I/0O port. For example, when the first and the third
I/0 ports are next to each other, the line lengfh may be set so
that the intra-line wavelength in the line between the first and

15  the third I/0 ports is equal to “A g / 3.28",

The conversion point of the line width (that is, the
impedance conversion point) in the circular line is not limited to
the portion where each of the I/0 ports is formed.

Accordingly, the present invention enables two signals of

20 a different phase to have an equal passage loss and also enables
the signals to be converted into signals of an equal phase even
when the nearly rectangular phase converter is transformed into
a near V-shape. As a result, it is possible to output a combined

signal into which the two signals after the phase conversion are

25 appropriately combined.
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| evel of a signal outputted fromthe anplifier 37a to gexxerate a R X data
signal, and outputs the RX data signal to the digital board 13 via the
first conmuni Catian cable CAlL. T~x~ inverter 87b adjusts e.~xd outputs the
RX d~.ta signal so that a current 16 value and a voltage value of the RX
data signal axe within a deined current value and a defined vol tage val ue
in, an input termnal of a |later e~eplained CPU 41 provided on the digital
board 13. The reception si,gual detection circ~u.it S9 conprises an 20
operation anp3i~.er 45, tw~ resister elenents 4ba, 45b a~xd an inverter
47. The ol aeration anplifier 45 Conpares a voltage of the reception signal
detected in the recep~tiOn signal denod~xlI~ttion circuit 31 with a

fere~ | t d Wh
e el tage ) eodr GPATREBEE: | bt |60 thed s hE TRETERHENT ot Bhiaek' o
vol tage, the 2@nvenerakidek @dﬁ’&éﬁthefw&ﬁ]gﬂh[’éﬂo? é‘”dﬂ‘f'éi&ﬁt f)h%%' n.‘?t}o hi gh

| ,ewel, and when th,e voltage |evel a: reception signs,Fis |

tb,an the ref eﬁ@mﬂsvﬁ 5a9&guksl inatsI@Uéﬁd&ﬁhﬂéH Bt 88 & RondhideVst Lﬁﬂ The
51 gn

inverter 47 outputs azx RX detection sig~xal, which is the 5 outp al
outputted fxanita hehigler thé otwanplighaly a‘l‘ée@vfhecl‘phﬁgel cbAve MR &fhe tO ~
the digital board 13 via the first comuni cation ae, ble CAL. The inverter
47 adj ust s faz~combipeadsist provdedet dEhe (phmegomirelst@rt TatonAstivutedhtfrom ue
and o. voltage value of tlxe ~, ~ detection signal is within, a defined
curxent val ue 2% %lﬁ&tacdmdmtw Otrayélgvallaagl sircalad bined, which ialbant he

S gnal det act | Oh FePrRAAATE. of B clomEi ARl ePGRB oo iers &Jﬁéﬁ;ﬁé’éh"”
I di d f | b
the Fechption E?g&‘-ﬁa%nﬁ%%%ﬁ@c# Dhotfi te mitichgBb, t"‘mts?géai Gadierant ©
d d
i gl tal boar d REnSk iR iy Gttett £ BRI OE TG rride 1iRE ‘%ﬂt‘? Y e
VPhen t he 1fg-t shapea HerhtdYdrifo x% bf kﬁetg&&@iélaﬁﬁ otcd @gv%algg, |9

sv~ritehi x~g signal is inputted fromt Igrts
signal conver sipimmeddi Wwilk. rédpfddetsd N it F@Qﬁ(ﬁf Si1od fﬂrﬁégﬁo%ﬁg a
es

not sho~c~rn power saving control circuit opera according to the power

savi ng swi t chi wheziegbhht Bmgths lyztiicen mhmepoml ys tacbdllﬂt? gircdptirth &f @nal
detection circuit -~ to Iomed@é)ower consunp' txon. 25 ' Gv~heri the reception

signal detecti Wrﬁv@ilﬁﬁgﬂﬁ A-g gek dbes sxmlggmpu’d@dptfrm dhgnamtsidd.he Anai t

state and, out g((detoctlo}_g1 gnal, the CPU 4~ shifts the ERP
onboard de~ r| F?Qr fErmay hig Fhe&?@@&@rﬁ@wﬂﬁlwwtﬁed@nd@ each
pa~rtion. Uﬁ?iled to the respective devkces ncl uded in the
signal 5 converS| o ct PP Prhseqnuecte aov%’r % (LY element phhaving; a

communi cation gablkes Al value equivalent to the input impedance of an
external line to which the third I/0 port is connected are formed

on the outer line of the nearly V-shaped bent portion of the

electric conductor in positions symmetric with respect to the bent

20 portion and in positions where the length between the ports is

about one fourth of a wavelength A g of the signals inputted from

the outside. - The line width between the first and the second I/0

ports and the line width between the third and the fourth I/0

ports are determined so that the two signals inputted to the first

26  and the second I/0 ports have an almost equal passage loss.
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The digital board 13 is now e~cpl.ained by wa.y of a schematic di agram
shown in Fig. 3. As can be seen fromFig. ~) the di~ital board 13
conprises 1.Uthe CF U 41, a reference oscillatiax~ circuit 51 and a power
cont~ral portion 43. The CPU 4J. takes in the receptit~n signal (R X data
signal) fromthe R F board 11 (mare particularly, received data
anplification circuit 87) via the fir$t oomunicatio~x cable CAl,, 15 and
extracts information such as on an an, board device validation signal, a
toll, a position of a tailgate, ete, The CPU 4l outputs a transm ssion
signal (TX data signal) including the onboard device validation signal
vehicle i.u.formation, IC card infarmati.ow, etc. tn the R F board 11 (nore

particwarly, FET 29140 Mhasd "olidbrCgafl BUTRY doF GAILE Sitaodde P

41 coraprises s. nenory (‘hot spawn r accu~,ulatrng in h as

a nane of the busitesothé NefoeBRRAIoHEE £8LeNRA CITE &8l Fe té&&a?nﬁ;ag%wat es,

tine) etc. The reference oscil~.ation circuit ~1 conprises a cr

t~scillator, ewhenfdr éxamiffeculindtPubRvhfice rier epaveatdHalSi gAY 30
to the CPU 41.. The power control portion 43 conprises s, voltage

conver si on por réddangsd aaphaeesodhedr 42bdud ttope nfanraxx spappr oft icaeals t age
convaxsi oz~ of a voltage (9-24V) supplied from5 a power unit $T (battery)
provi ded i t hpevigirie| eppvopriatey plveer ¢oneersidmade dwid asigndler of a
operations of ;ngtﬁ respective portions. In the vehicle, the noise such, as
an ignition nofdéerantyphass, teansmitcis signals dlavigg sonegnsl gragsngd on
43a of the power caz~trol_.portion 4~ conprises a coil, a condenser) a
filter) etc. }qusslg. Hﬁﬁoﬁglﬁﬁé’rﬁﬂif?éie Wﬁ?tcoﬂmlgnt he noi se from
affectxx~g to the pogtion tg which the power, is supplied. .To the digital
board 13, a displ ay %%rtf‘gﬁﬂl%r it ecf’gg the tﬂggieé’?ondngeﬂﬁ’rﬁﬂri af ti.an
cable ~ GA2, t s hglk é?%% i, S third, o ~xi t Cation
cable ~A3, and a Qﬁggle%&%g |sﬂa§8%?§§%gﬁgrﬂé%ﬁneé P %&ﬁ%‘{%&&gﬁé&%n
cebl e CA4.10TheaddsProx PRELoRIbIde AbPik 3 Srydid Wsvé 5 QrERidATX vﬁﬂféh as
the tall, tolls paid, insertion state o an I C card, posftion of the

tollgate, etc.camprishsngGheo AfodemRiyonedt butihan Jofnglarka@Mting Grld 41 to
provide the information to the user. An, IC card 5? 2(1 can be frtted iota

t he card hol dere@gyvimméheandihovgdes. 5~ reads and updates the | C card
iufarmation included_in the I1C card 57 acGaxding to a~, IC card operation
i nstructi oxx signal IRmoethae words, the aforementioned antenna allows
miniaturization in comparison to the conventiona)l antenna.
16 Therefore, the communication apparatus of the present
invention can reduce the installation space, and realize
miniaturization of the whole apparatus.
Since the aforementioned antenna can control fluctuation
of the antenna characteristics, the communication apparatus of
20  the present invention can transmit and receive the radio wave to
and from the outside in good condition, and perform precise data
transmission and reception.
An example of the communication apparatus compriging

the antenna is an onboard device for an ETC and ERP system,

26  Since such an onboard device is mounted on a vehicle with a
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CPU 41. The buzzer 55 gives a~x alarmto the user according to a sound

out put instruction sxg~xal fromthe CPU 41. 25 In the ~~i, P onboard device
1 constituted as such, the 31 phase converter 23 is forned into a near
V-shape carrespanding to a shape in the vicinity of a corner paxtion of the
guadr an~~x| ar antenna bady 21, a~.d the phase converter 23 ~ x~d the
antenna body 21, are arra~xged an the sanme RF board 7.3. so that the inner
5 vexte~ of the nearly V-shaped portion of the phase ccan~rerter 23 faces
the corner a the quadrangul ar antenna body 21, as can be seen tom Figs. 1A
and X$. In other words, since the phase converter 28 is farmed into a near
V-shape correspariding to a carnet poxtian of tb.e 10 quadrangul ar antenna

body 21, it cagmfiRdasharecdtkd@sast @ thiglandanaadddy Zdiniagurintionan
i nt exval bet vveg#,ﬁt hg&)ant’enna body 21,@nd t he phase converter 2S. The

antenna 20 cOWpivigtRLizatedn af Rhasensenmb deeice2s poseibde ty tonsticufimegsent
enbodi xo, ent can prevent farnkx~xg wasted spaces bEtvveex~ the phase
converter 1~ 2Be aatné hethritenaatdody of theAneseditigvention.el Iniadditiog wast ed
spaces, the substantial area occupied by the antenna body 21 and the ghase
canvertex 23 tanthe pediiaturizadidme ibncannaepressarthse infhprenes sy the
Additional |y, since the phs,se canwerter 23 is axranged in 20 the vicinity
of a, correr emntehaaquacharactguissicsant @mfh RRAPT 11,1g?3he iBFertfgnc cdgtp
electric fields aroynd, tb, e antenna body 21 cap be reduced. Consequently,
the ix~t| uencéT2BSENESION BRALQORRIRG éf‘f\gs}{'? E’Erﬁ’fm?‘h * a~xt enna body 21 by

t he phase converter 23 can be repressed. ~5 .Accordingly, the a~ztenna 2(1
provided with the ~R P 32 onboard device 1 of the present enbodi nent can

ant enna body. SBT RETHIIETION HFCPE0E DRAFINGE! 700" he- occupi o

s.rea. Since (he ant@adnbedidl witl batpd adabibed, Bguaag & exubigl

B,
~,ength a~xd breadt!|X are tﬁe sarne, th?fe requency bands of the radi o waves

detected i@ tReit¥erdfosahcad tiiARsoRhpaARydhE draivwings;dn whidenf ormed to
each other. ~ hexefore, transmtting and receiving o the circul arl

pal ari 4ed wave can HeighelA ¢s neschmmnatin dixdgein of Hn BRB)onborwsl deviceat enna
body 21 is forned into a flat board, the attachnent to the ~.~' boarﬁj 11 is
easy. 13y fi xizmd tRig. 1B is a schematic diagram of an antenna face of an R

board;

Fig. 2 is a circuit diagram of the respective devices fitted

15 to the RF board;

Fig. 8 is an explanatory view showing a schematic
constitution of a digital board and various devices connected to
the digital board;

Fige 4A-4D are explanatory views of other embodiments

20 relating to arrangement of an antenna body and a phase
converter to the board, where Fig. 4A shows the antenna body
and the phase converter arranged on the same plane, Fig. 4B
shows the antenna body turned by 45 degrees, Fig. 4C shows the
antenna body turned by 45 degrees and the phase converter

25 arranged on a different face when looked from an antenna face,
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antenna body 21 and the phase converter 23 on) the sanme board, it is
eas~.er to determne the relative, position of tlxe ~anten~xa body 21 to

t he phase converter 2~ thin a case in which bath devices i5 are fixed on
sepe, rate ba~axds. ThErefore, conplicated operations far producing the
axrtenna becones sinple. According to the antenna 2D of the present

enbadi rnent) easy arrangenent of the antenna body 21 anal the phase
converter 2~ to target positio~xs is possible. |VIoxeaver, the 2D a~,tenna
20 itself can be mxx~iaturized, and fluctuation of the anten.z~a
characteristics can be repressed. Additionally, since conplicated
operations for produci,~xg the a~xtenna 20 can be dissol ved, the

producti o~x ef and &4irshis ¥hblaRiddA® Body FRrR¥EdbRNME hereast
produci ng the antenna 2Q aan be reduced. 25 Wen thg $ntc ~rna bo {l/atglr?d t he

phase can.t ~expérasererdvertsedrddngedon shpaliflerchodnds whbeN6oksd FrbRar

that the relative position o the antenne, body to tk~e phase converter are
changed due toatpartfesege t~f position of either of the boards and that the
phase converter is noved to a position where the axxtenna characteristics
are lowered. if the dfigerih isodysdMematic tdiagpans @fcanfiest eon?@miensl xed
on the sane, R F bpe,~rd 11 ar in the present enbodinment) the relative

posi ti on of® t handanageompuising amantenpp ndefounedinte a2@uadsamgtlahanged
and lot~reri g 0 tEe a&ten a characteristics Hs prevented. ~.0 'x"he RF
board 11 is a Lafrpogr e 10Rssr cpBXpRtath pEraaged mothafvisinity of gh

fre~ ur~ri i sd] h < d . Theref , £l [
of “the ant enna erarhEcEPios LUy SulflSaelE 306" 5B o SGboritG dlnirame |
~mat exxal usedq@ra theaRE Fggvgﬁtigggi st md ‘@ﬁ%&%@aﬂ%fﬁ% ve. .Tdowever,

since the 7.fi substantial occupred area can u fon is

| oner ed cori xpgsedetoihef o %ua?n}%ggiﬂéﬁbﬂafoﬁéafcfw |0 Hflseg%alﬁgg},‘%gem

t he antenna 20 of the prese ment, the antex~na Bo d on

one side dafptharkan eQQQrth%biﬁﬁ'ﬂt&B? éQid&‘%HhﬁQ{W@dié‘xﬁl@ Fi%b?t(z‘ig L0 the

other side of tlxe TtF board 1I. npared to a case of Xi ng devi ces
on the sane si dehentatics dingmml eft & ptleMiddecanderitdenalli aheswea DYNRIN t1 xe
anten~xa body 21 and the phs, se converter 2$. Thereby, fluctuation of the
ant enna char e. §0PEIREfE8sanananbennepbedyeformdds intos famogwadr Dt lanfhatssi c~~
and reception %f tae @di o Wws~t~e can be realjzed, 34 The phase converter
23 can per f or MIPALSeARY RAFierys rhase compesitiqn of 4mp signalschm destingal s

S d Sb h l.,.h Al i [ d d si | $
Sa and —b havo e SPHRPECRES g 80 e GrtereRh o Pl S & whi cn
5 the fi | d_ ~ ' I mhi ned

e out put o Paarrare ash il BES A cot B o R ol e S e

antenna 20 to kg g_ﬁwﬂflﬁfﬂt{df&%ﬁ%qn %gﬂgﬁiﬁt @i%ﬁfa@%ﬁ&%%&waof

cc~nv~erting two signals of "a ren ase i ~Xt o si 'S n edual
phase arid outputtinFighesAijgna enlldrfed Riew 8 26519 lshanddGIRRR
onboard device 1 conprising the antca,gna 2C? whi ch can,g bes ng'%?cg?url zeed
xequi rea a snschheertestinhhambodagent dfthet fieesertintentics, and e, 6R-
board 11 conpared to before, thereby allow ng mniaturization of the whale
devi ce. |Vl aredyaa enlarged view of a nearly rectangulax phase converter in

20  the prior art:

Figs. 7TA-7TD show measurement results concerning a
passage loss of a signal in the phase converter, where Fig. 7A is
of a first measurement, Fig, 7B is of a second measurement, Fig.

7C is of a reference measurement, and Fig, 7D is of a third

26 measurement;
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1~ si~.ce the antenna ~0 can repress fluctuation of the antenna
characteristics blt the phase converter 2S, the ERP onboard deva.Ge 1 can
transmt and receive the radio iwave to and fromthe outside irl goad
condition and precise transm ssion and reception of data can be perforned.
~i~ As a result, the ERP' onboard device | of tlxe present enbodi nent can
i nprove nountability eon a vehicle owwng to the mniaturization) and
realize a stable ERP systemawing try the inprovenent in precision of data
transm ssion and reception. Mere, zaeasurenenta perl'vxmed to eonfir~, that
two 2~ sig~xals of a different phase Can be appropriately cam-bined ~y 35
setting the inner and the outer |lines of the nearly V-shaped bent parti oxx
of the phase Convertﬁgs! Osﬁé‘é’ﬁ ‘Eﬂo%ﬁxﬁlﬁaédﬁigéﬁé“f&xﬁfg §6§E(15€qig{§d

| bc~0 signals of an &qr~al” phasé were tespectively inputte |¢st and

second |1~ pom@foﬁaﬂm&ﬁggggﬁﬁg,t@ hdb EoRVeRRr2GthdioTReRge | ass

of an output Signal froma't port were neasure présent

measurement s Qf 4 Tordthmeesandnidiet, PRSGR 15386 ) féﬁréﬁ@@%n@&sﬁ?@ﬂe}h&
V-shaped phase converters, as | U shown in Fig. 6A of which [ine wdih W3.

of the first lgmbFig-8Cadof AabiiAgnsheiPoMBnef ahlle third line 2Sc are
dierent, and a phase converter of which luxe wdth W is the sane wth the

line '"wi dth W are (Jigd.9 Spexidehpahhic diervamn sdf amnasntennat whdchocsn phase
cnvexter of which line width "Vi~'1 = 2.3~nmand the line width 15 W =
1,.50mm the deaoathiteandr zeesiveusight-hapdede aguheft-bandedvdizdulariy wi dt h
Y~'J'1 = ~. 3~xuri1 and the_line wwdth ~V~ = 1. ~4znm and the third

u~easur enent PSHAPZRdIAdIe W8N@Erter of which line width W = 2. dCm and
the line wwdth W = ~ 3~nm were perforned. 20 The i, npeda~,ce of the |line
with the line wdth 2.démmis 45.d ~, the i~, pedance s~f the line Wth the

R Y
Lt S it

az~d 2Sd is depesdi Padei)! WWMboard fevid® '1%%8%&&%9 tdPeHE YR abRtt NE

second and the fourth linés 28b and 2~d is 37.4 a conpari sof, a
measur enent (riefventime 5 TiasuEREnobhbehrihalgpfieseiand téwmpesingaidéass of

the nearly rectangut ar phase converter 105 as shown in Fig. 6B is also
perforned. Spanparatusy which péaweovededeppner voBidewandhtranemiteltdmdVy t ~f
the first line |.(~5a s.nd line wwdth W2 a the third |ine 105c are equal to
2. UO-uux is udégeivafed rpligawereoto amsl frpmiaaoadt sidendeviaseladated enoomm
is SQD Sz.. In t]~e ghase
156" roads, etc.
As shown in Fig. 1A, the ERP onboard device 1 comprises
an RF board 11, a digital board 18 and a display portion (L.CD
circuit board 15). The RF board 11 and the digital board 13 are
connected via a first communication cable CAl, and the digital
20 board 18 and the LCD circuit board 156 are connected via a second
communication cable CA2. The ERP onboard device 1 is also
provided with a card holder and a buzzer, which are not shown in
Fig. 1A. The card holder is connected to the digital board 13 via
a third communication cable, and the buzzer is connected to the

25 digital board 13 via a fourth communication cable.
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converter |l ~b or the reference neastxx~enent, all the ~, ntra-line

wavel ength r,~ of the fist, tlae second, the third and the fourth |ines
7.U5a, 105b, Ipba and 105d is determned so that L5 = ( ~. g~/ 4). The

i mpedance in the second and the fourth lines ,051la and 15 105d is $5. 45.

Fi bs. ?A-TIC show the neasurenexxt results with respect to the ps, ssage

| oss, e, nd k' igs. $A-$C show the neasurenent results with respect to the
phs.se. Fig. 7A shows the result c~f the first neasurenent, Fig. ~~ shows
the result of the second 20 neasurenex~t, ~ig. 'ICshrrws the result a the
reference neasurenent, and Fig. 7D shaves the result of third ~xeasurenent.
Fig. SA shows the result ref the first neasurexn,ent, Fig. 8~ shows the

Lror 2 Kaneur oy e RI TRBHCIE T, 0 PAFT Qoffictiatfudrieniinie) o "¢
result of the BTS(Bsﬁia@i\iniﬂéppﬂifxtﬁﬁ%%)rﬁ@ithﬁf bagfﬂfav&aéa nghggaﬁvggg“r a

line A and the neasurenent resu e secax~d signal 1 npu n the

secar xd~I ! () pate badsa@@itendy ki n%gha’se@faﬁﬁéﬂgr .3 Ee{l@o%?ﬂeﬂ”ﬁm
results of the pe, ssage | ass shown axe Figs. 7A 7D, two signals in the

first and the secordupteuaedenciptighbofvepdioat eikallity 250H8¢ NISSREE JriSS.
Accordingly, it_is understood that the phase converters used in the first
and t he sedbndtheanantdacet sndam enteunathvdys Rdnisl sthaichle daom shensiteagis!
passage | ass af@_d conbi ne them | O appropriately. SReci fically, in the phase
converter in, CRHER RRRAMHels Fhenmart f%%e-pasélage RAosdwavefat behemmtit gnal s

showed an al nogt_equal. val ue, and th er ~onance i s alnxast equal to the
phase converte lﬁg’g%m 25 ?15‘#&2@?%9?58#&%%%%}:“FW-dfFéEeQLBi ghowgs a

Combi ne two < SaF DAY B PREN 0B antSnna Rireot Hn IR A Hieabr Than:
result in the I nt o] e differen bet ween .t he
respective pastgglgéﬂflgg?gg&g haerfc?m%f%?%iﬁ%% .C%‘é?]gtfe ré iccoqvﬁl%ﬁsiad’ered

that the pfpseza@eMppt®y. XN the third neasurenent has en adverse effect to
the 20 crass polarization characteristic and axial ratio. Referring to the

nmeasurenment results Iutwils of fidsesPrdive @eﬂ*ﬂz@é@aﬁ'ﬁélﬁff&%ﬁe%ﬁ“m& he
two output signals (Cl. ~- Dl1) is about 90 degrees in the first

nmeasur enent . TRdr eferexplained bpdemsst eddat bateuibedisgeat efjWhealdeRicd: t he
phase difference in ~5 the reference neasurenent (C2 + D2) can be obtai ned.
Al .sa in 38 Bkkachad to the ¥ doardnshomie ipHaks 2i fference (C3 + D3) Xs
about 917 degrees, agﬁ)@:}he result e~, ux<ralent to the phase difference xn
the reference neasur Fntt,%nﬁeb%(g‘( &Ihée Tormed dntofa syaareabat dmeamd

results ofyfFig (- apd $A-$C it. is understoqd.tb,at even in the phase
convert er ]fg;r né%nfzﬁﬁgteafﬁﬁod?a\ﬁg ElC qqnAuciory o 1k has e deeding pointas

donvert er "can’ Ba% oo FHich bR SBRUFRLER Auforonf Rhate SSliitel Fontave
different val ughe ré@divdd ¢Rald wa e Coilithe ddhic?SoPtRE antenna body 21,
an earth point 21c electrically connected with a ground portion
provided on the back of the board via a through-hole formed
20  piercingly through the board is provided. The antenna body 21
is adapted to receive an ASK (Amplitude shift keying) signal of
2.40-2.44GHz transmitted from a tollgate antenna (a road side
device) and to transmit a PSK (Phase .shift keying) signal of
2.40-2.44GHz. The antenna body 21 is constituted from a patch

25 antenna using a microstrip line, and transmits and receives a
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7.0 measurenment results perfornmed by the inventors, it is found that
setting the line wwdth WL so that the inpedance is 4.9Zaf.1.0!0 and the
line width W2 so that the inpedance is 1.~~Za~2fl % where Zp is .the

i npeda~.ce of an external |ine aaz~nected to the phase converter enables
tb,e nearly V-sb. aped phase converter to 1~ realize the please conversion
quantity and passage | oss practically equivalent to those of the
conventional phe~se converter. ~y setting the intro-li~. e wavelength in the
second and the fat~rth lines 23b and 23d to be (~1 g | 3.23), ro,are
sui t abl e phase conversion quantity and passage | oss ca~u be realized. 2U
The present invention should net be limted to the descri bed em bodi nen. ts,
and ot her nodifigheliaided aidewkRilptpslazizédrbabs. PTHE BrReWnhbhBrlydeparting
fromthe scope of the invention. Ft~r instance, the antenna body XX and the
phase 25 ean“wesesem alfwdmyplex cesaaaaicddiont hachedritelebbetimieniseased to
39 each other of the RF board 11. They nxay be arranged can the sane side
of the RF boarmethods shown, in Fig. 4A. In addition, the antex~x~a body 21
is not necesse.xily attached to the RF board 11 so that the respective

si des are positioned'Bedehase soowerterféhcanmittertwatdganle @y Sbof 81 m ay

be attached to_the RF!ﬁ:cl)ard.ll be/ tur ~xi x~g the ar~.tenna body 27, about

45 degr ees! a&éﬁﬁ St phase inptted framthecfizet andesqnoacklensingrpeinte3

Chat the i nner® Vor £08 € B @1 ennm, bodr. £hpbol SbeRelnAL raegoes RAARP cor nor

of the quadra = n ~ | =X nner .. the antenna body 21

a.nd the phasewﬁﬁ)%\slé? a g%%g&ggﬁgég Sé??éﬂ&‘@a lﬁ%? %CRF%%PWHQS’\%&??%@%M eas

on the board, wgfgﬁc%g?w%c& Vélssigﬁsﬂeb%@%bglﬁr&unt other devices in an
4B, t ody

efficient manner', In Fig. e antenna and the phase converter

| ~r 2% axa attached A8 ¢H¥RySINEFES IEB ah fdi@rval ‘5"1 Bee&eﬁééthmpﬁaﬁﬁa the

antenna body 21 a~ad the phase converter ~3 nmay be attac an e sldes

opposite 10 edsiyp@leand thexphise Fedaidesd R RwhoR Idoked oyt tand 4D.
Fig. 4C shows a schematic diagramof the RF board 11, urhax~, |ooked froxrx

the antenna faliwection 6f ghedrallishwayeatratsmidsienaind rdcegtiom of sebatF, ~'
board 11 when ]waked fromthe part fa~e a_In the above enbodi nent, the
phase convert €t-9 %, whigbs| shartey tham/adength (dug ¢ 18)dvheté r de ispanal

coupler). |~nweyer,..the phase converter may be a rat race type ar hybrid
ring type hybrBdrailing; F’%’ti%gghof’%tﬁ%e h‘i}%‘ﬁsﬂnﬁmguﬂpd{ zgpewiade aadinal
coupl er) axe 4‘9 v described in detail in "Mcxc~wave Circuit for
~onmu~xi cati on ?I Rstitute of Tel ecommunications engi neers, Cd~:ona

Publ i shi ~0., Ltd.put i (- I h f 5
tlrJanlsrsri !t'??ﬁgoand rec%} |é1n§ *"g‘%?‘?lﬁgﬁﬁt@‘ﬁg‘{ﬁ%@ ‘g’#?ﬁﬁfﬁ??}ﬁp%%a‘%%%\%‘
However, the antennsAgghddie iﬂﬂf&r@. HA, e PhLEB tﬁ%ﬁ%eﬁ‘ﬁef’ﬁgqs%oﬁsg%txﬁﬁﬁenna

for a left-handed circularly polarized vsrave. The antenna or anded
circularly polfronrath ehsctri@boRfuctor forming a nearly elliptic line bent in

the middle of the longitudinal length to form a near V-shape,
First and second I/O ports 23e and 23f are formed on the inner
20 line of the nearly V-shaped bent portion of the electric conductor
in positions symmetric with respect to the center of the bent
portion, and third and fourth 1I/0 ports 28g and 28h are formed
on the outer line of the nearly V-shaped bent portion of the
electric conductor in positions symmetric with respect to the

25 center of the bent portion,
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realized by connecting the tIlxixd Il 0 port 28g of the phase 10 converter 23
to the dummy resiste,nce and connecting the Fourth |1~ port 23h to the
signal conversiazx circuit 26. .A's shown in Fig. 9, by providing a second
signal conversion circuit 26 simlarly ~ con.stituted to the signal
conversion circuit 25, instead of the dummy resistance, and by 'I5

ct ~nnecting the second signal conversion circuit IBto the digital board
1S, an antenna ~1 which can transnmt and receive both xxght-handed e, nd

| eft-handed circularly polarized waves can be consti.t~uted. In this case,

t he signal conversion circuit 25 perforns signal conversion of a signal by
a right-handed 20 circularly pol arized wave, a~xd the secv~,d signal
conversion circuit 2rfRatiadess @Rkntalvetween tiaf figst aindnthe bycend

| eft-handed circularly polarized wave. the digital board 1S is constituted
to conprise aqlb“ﬁ@fﬁs&%e%’ﬁd%ﬂ&ﬂsb@@n&ﬁ lihet2&b deciomdied drediveennthe si on
Grcuit 26, and the CPU of the digital board ~.3 is 25 constituted to
perform a progResndonndr the thitd 1/0 porty e8fiandPg, & thixdalise A8einxati on
to and fxomthe outside based on the: signals respecbi vely by right-handed
and | ef t - handdidreiad bedwegnpthe thieti ang, tee fonrth J0pents g)ﬁ(ﬁcﬁ} .t he
phase con~rerter 28 (see Fig. 5 6A) of which, |ing w_dt hs}hw (ﬁpﬂ ¥~
xespectiveby dandie fowsth line 2Bd ishformaed hetwean fourth andythe dinshc i s
descri bed. However, even if the line wwdths WL and W2 acre different, the
antenna of thel/B peBts 23 ARhi4dh can be realized by using a phase

~ t istit d t hat .t i | | I i ig~, al
T0 have aox al most obpctopaceasas Ta8 PRErS cnERLkiS 7B, I S i 8 0" @
~~. t h pNLFig [ i i d 2%
of whlch |1 ne WFAE NG SREPLAN thE Torblif bt Plat Wd BnE Ui eReaT. O or

li_n.es ~=b an n@%@&rg\meﬁl ilﬂlgﬁe W die thfornsl aVbeRi@ineofithé ar-ghtapee, phase

converter constituted sa that two signals leading to the conbi ned si gnal

have an aljgpst equal APRSSAGRIIIOTH] eERhBERiHReink @34 betarbantls firshend esent
invention. Simlarly, even if the phase converter Shawn in Fi tgl:?e(sA has t he

first and the thé'sdcbhdHO2feriar@dedadBhaddfd dimemwillth Vi of the thirdnd e,
and the secau,d and the fourth li~cs_28b axrd 2$d ~0 with differe E@lhl ne
wi dt hs Wa and livie-BScdaimeess tbevdirdansbibeifoyrth IO pasks ¥d8 %n@ LIS

used fpx the anrerimated tnebare SOReToRFIRRERS: 430 OfRAT AYoTds GY B I s
L. Amx antenna Jonk WS ddternfnda fo (1Y 4 Intbd AR 87'the HPIN N0
15  28a is (0.9Z,) and the line width W2 is determined so that the
impedance of the third line 23c is (1.256Z,) where Z, is the input
impedance of an external line. Specifically, while the input
impedance Z, of the external line is 50Q, the line width W1 is set
go that the impedance of the first line 28a is 450, and the line
90 width W2 is set so that the impedance of the third line 28¢ is 62.5
Q.
The line lengths of the first line 23a and the third line 23¢
of the phase converter 23 are set so that L8 = (A g/ 4) whexe L3 is
the respective intra-line wavelength. The line lengths of the

95 second line 23h and the fourth line 28d are set so that L4 = (A g/
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5 an antenna body far a circularly paxarized r~rave whieb, is forned into a
quadrangul ar | at board Ganstituted Pram an el ectric canductax and which

out puts reception signals of a different phase respectively fxaux two
feeding paints; and a phase coxrverter which converts the two signals of a
J.Udifferent phase inputted fromthe respective feeding points of the
antez~z~a body i~,to signale of an equal phase and outputs a conbi ned
signal i~xto which the two signals axe conbi ned, wherein the phase
converter is farmed into a near V shape corresponding to a shape in the
vicinity o a corner portion 15 of the quadr2~rrgul ar arxtenna body, s.xxd

i $ arranged on nee.xly the same plane as the antenna body so that the inner

vertex of the 3e28) YwHesbaPad jROkhkOReEFEAIVE NENGA IR RP &é&ﬁgt@.{. the
C

guadr anguJ, a~r antenna body. ail 2. The anten~xa set fortI'x Ir aiml,,

wherein said pkeaeetsiovepbiit afldhanlinengidldinad *iFAIARAIAR (Ba LSRG Poard
so that the inner vertex o the nearly V-shaped portion of the phasé

converter facesmpesameneonpersioan pofinthés ofsadiehdw ar pasibRadbEIYe4B 3
The antenna set forth i~x claiml1l or 2, wherei,z~ said phase converter is

farmed into a feem powheps videete the rbepetiddh d/0fpéfte drenfirmvgddnal | ength of
an electric, conductor, foxxa,ing a long circular lane, 5 xrst and second 1/0O
ports into &hich sai &% fbowingin fig. &, thalfiret 160t ppha8e dsecompedtieddto
k~exxrg formed_gn th zxner line athe nearly V-shaped bent portion of the
electric condu&ﬁﬁr‘fgﬁ’ﬁi %sﬁﬂ%ﬁm%%?eﬁ tle aaitenrarkedie 84, thetsesondnt/O
portion and in Bgfiééfnﬁ wher e .t etle th be&&g&n éhe parts is. about o~.e
fourth I.(J of P weve! SRgtiFBeYess tPnhkie /R geding Hnted hnef e ved
by the antenna Il f hch saLd combzned si,gpal i
outputted and gnf%giair&.t'a hgﬁ%&p%?{ﬁ%ghg&% kS absgs'iss‘f‘?ﬁm’é‘?tgﬁeﬂ‘? 4 f’iwrng a
resistance val ggrcRHi2abe the tlghlf donvéPliod PREVINSS, Und the fourth 170
10  port 28h is grounded via a dummy resistance R1,
The phase converter 23 constituted as above performs
phase conversion of the first signal Sa inputted to the first 1/0
port 23e and the second signal Sb inﬁutted to the second I/0 port
23f so that both signals have an equal phase, and outputs the
15  combined signal Sm into which the two signals Sa, Sb after the
phase conversion are combined. Since both first and second
signals Ba and Sb have an almost equal passage loss, the phase
converter 28 can output a combined signal into which the first
and the second signals Sa and Sb are appropriately combined.
20 In other words, the phase converter 28 can output the combined
signal without influencing the cross polarization characteristic
and axial ratio when performing phase conversion and
combination of the first and the second signals Sa and Sb which
are circularly polarized wave signals.

25 The signal conversion circuit 25, as shown in Fip. 2,
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15 axe external line to which the third rl~ port is connected being faxpxed
an the outer line of the nearly V-shaped bent portion of the electric
conductor in positions synmetric with respect to the bent portiau and in
positions where the | ength between the ports is about one fourth Qf a

wavel ength JL g of the radio wave 20 transmtted and received by the
antenuay a line width between the first and the second x~C? part$ and a
line width between the third and the fourth T/~ parts being determ ned so
that the two signals inputted to the first a~xd the second Xl a part$ have
an equal passage less. 26 44 A phase converter far Converting two signals
of s, different phs,se inputted fromthe outside to signs.ls of an equal

phase and ant pyoidprised tBe GOMRE MeFcEE 3! 2 IFRLD (WY18De#BE: 11005152928, af ter
t he phs,se caz~werai on are canmbx~xed, 5 'the phase converter being‘an’

el ectric conduaet secdption rsignal | dsigodil £tiondedtchiN B 1V S Nopén T BEAT, i1t 0 a
near V-shape bent in the mddl e of the lar~ghittzdinal I|éngth, first and

secora.d || (~ pettiveidntatahimplification drgoitl 832 @ rdickheidNtsiphabedsE
inputted. bexz~g . formed on the inner line of the 10 nearly V-sbh.aped bent
pQti, o~x of tngmﬁtmﬂntocimaﬁora raceivedt dats spplification tircués@Ert to
the bent portion and in positions where the |ength between the parts is
about one four 8R%bR rEceRiSRNcshEmal detgetipnt ¢izcuity8R-x| inputted from the
outside) a thixd I O’Iﬂfrt f,ront which said eonbi~.ed signal ~.s 1.5
outputted and a four 49 | HI68Ft @¥eERdct &0 t 6Xbraets spor sageabnteleaventy a

whi ch Che. t by r HOPIGHPARES” faynRecPERAIFRIAe - fr SURaRCT nd oM o0 80e of
th ly V- [ I ' 1 ' L
Symtri c i (hor e ot enpl dotBefod w8 T vk ReReival

| ength bet ween aifetRMiittsd 3A0tHe QRBARHIH) Of a wavelength h g of the
signal anputted fromthe outs?lde,ea I?élfewv%dglth between the first and the

second || Gpoxts andThd FETVESIEY detieenet FEthEi ON andl the O ts@a#éso

ports being ~5 determ ned sa that the two eigne~ls inputted to the Tirst

arid the 45  gecording @ pdfXsddiay eigaral eqnsntitbed Tegs the Rightialdboard
comu~xi ~ati on apparatus' vcrl xi~h transmts and reca~.ves data tc~ and

fro~zx the out d48de Whemtle FER 2his in whed)Nastutei, thexmdepazon sigesahis f ar

t:~a~nsmtting_anal ,rgcsxuy nght he radio glr)ave, wher ax~x_the antenna is one
of those antenPfssedhroye; ¢ FET 29 to be reflected in the open stab ST,

and the reflected signal is again passed throupgh the FET 29 to be
15 outputted from the antenna body 21 to the outside. When the
FET 29 is in the OFF state, the reception signal is reflectsd in
the FET 29, and the reflected signal is outputted from the
antenna body 21 to the outside. In this manner, since the line
length along which the reflected signal travels is different
20 depending on the state of the FET 29, it is possible to cause a
phase difference to the reflected signal outputted from the
antenna body 21 and output a PSK signal. When a signal is
received, the FET 29 is turned to the ON state, and the reception
signal is passed through the FET 29 to be demodulated in the

26 later-explained reception signal demodulation cirenit 31.
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claims ~-~. 46 .A{S.A3.9.A{, .AL.Ahr.A.AS A .A_.ATf.Afe Af.AFhG@. A
h@ASL. A@A hfr.A USL. A _. AFh, . AS. A3U@ A. A3U, . A3h, . A3{, % A

USL. A{. A@QA{ @A. A S. A . AT. Af % A@ A3h, . A@Q.. A@A, . A@ . A, Y . A% Ae. A@ AF( @~U7J
S

pRH wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca
]cal ca]ca]calca]calcalcaljcalcalcaljc<alHo# G '!8!'!, "j"#$

Bt (**a+f++ G v//}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]lca]ca]ca]c
aj ga] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca!/11}3?5Ww56678D8w88,
?\aK%iANBTBI\/CCCCéleDDEE“ F} xsni d_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca

] ca] ca ca] ca] ca] ca] cqiikal Gakeplial caligahtal §ahoahtalical catrfatrraf HatsH 11

K:M\INXN"NOD®tS)TTC,W( : ] abaal cahakcal calcalaaLe calc

Z\ $"0O x" ~ i & o

febead o OIS e PN AR
| . p3 Bl ' £ ADORUAT H3) G

ggfcgfgg] Ea?\ég%igg{ caj c:%%%??g]_{dge?g](%g] g%ca1 cal ca] %a ca.} \/\Mp(§9{lﬁaxﬁd~lw} #; A

M DI, extracts data included in the radio wave. The open stal ST

: @>[ zupkf a\ Wca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal)] ca] caV]ca] c

a] ca] ca] calca] m’t}l@a%% hen ] redeqdion] signal AN tradx@ited dolwddd ajlea] cal ¢

a] ca] ca] ca] ca] ca%ca] cal] cal.ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cal]c

a] ca] ca] ca] ca] 88}FeRYRcabPedyn 24} c@n%kn{is| wared~ vior] capostratiom] of] ciliea] cau
Sl i k) RN ) S
ol el caly oLy Bledle i enl o shial eBhiAbRCbEAL R rESJON etdelibigladd ool oo
} (L:Ji]g f a]( g?]:g g]z ﬁ%ilg‘: %{ &}Scoaf% al]h(? aPcl\eTl] S(Pg]t%’afl(l:l g] E"g]ﬁclf1 af%%]Fchi[‘ca? c’ﬁ’] i(,rh]tbﬁ] QF l§]' cal ca

!at]c g]a]c g]af g%@%&gﬂ%ﬁlﬁ&ﬂgﬁ %Lﬂr?h(:@]ﬁ%?ﬂ afh\/ﬁ ((:) aﬁ‘]{: as]t%g? Tcalca] ca] ca] ca] ca] ca] ca

a] ca] ca] cal] ca] Tdlec écaived dakaad splsftsadaadisahi BBk aB
]180a/(]<§: ]()-] ! 2 1051(«&] ()-10%& () - 10%& %ﬁ s, 109%& ()-$SZlO%§g&%§%§%} <(
1099& () -!e 3omupokitier, by vehicH Obe <dwridduBitedQEERA Hhe A% pRidn sl RFE () -
33724 10<Y7! 1098 ()= & 10%& () -3 10%<& (%i- 90 109%& ()-!3.!10%<& ()-!s(
10%g<g<& () - gmodulation circuit 81 is amplified about 4(())((%’:'5& it 10%\A& 0 .

"()-, '~y 100 () -, P x3M10%N& () -1 3] () - ! () -
10<tt Y1 10%Y& () - ¢ Tiieloréglé%tggn s)i(gnal level()adjustment c(lrcuit 35 1i1s

16 provided for absorbing a difference in reception signal levels
caused by variance of characteristics (individual difference) of
the reception signal demodulation circuit 81, received datg
amplification circuit 33 and the later explained received data
amplification circuit 87. The reception signal level adjustment

20 circuit 85 comprises a variable register VR and two resistor
elements 85a, 85c, and absorbs the difference in the reception
signal levels caused by the variance of characteristics (individual
difference) by adjusting a resistance value of the variable
register VR, In the reception signal level adjustment circuit 85,

25 a thermistor 85b is connected side by side with the resistor
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10< 10<3ss }"SH= 10< 10 10
10: s10%&' ()-0! 109& ()-y! 0! 109 & () -yl (1109 ()-'el (! 1098"& ()- p' zX6SH=

1|1 10%Db& ()--! 1 10%b& ()--!!10%b& ()-Z !! 10%b& ()-Z

|, t!1109%& ()-!1,t!10%b& ()-=}~SH= ! 10b 10b 10b: s10%& ()- 90! 109%& ()-!t
90'10%)b&() ('10%&()-'~]('10%b&() RH ?SH= | s|3100/@&'()-!|'!10%o
O ()-!1"110%00% ()-" 310%& ()-L

element 35¢ in order to compensate fluctuation in the reception
signal levels by a difference in temperature in addition to the
difference in the reception signal levels caused by the variance of
characteristics.

B The received data amplification circuit 37 comprises an
amplifier 37a and an inverter 87b. Similar to the received data
amplification circuit 88, it amplifies the data demodulated in the
reception signal demodulation circunit 81 by way of the amplifier
37a. It amplifies the géin which is short in the received data

10  amplification circuit 38. The inverter 87b inverts the signal

level of a signal outputted from the amplifier 87a to generate a

RX data signal, and outputs the RX data signal to the digital

board 18 via the first communication cable CA1. The inverter

37b adjusts and outputs the RX data signal so that a current

15 wvalue and a voltage value of the RX data signal are within a

defined current value and a defined voltage value in an input

terminal of a later explained CPU 41 provided on the digital
board 18.

The reception signal detection circuit 89 comprises an

20 operation amplifier 45, two resistor elements 45a, 45b and an

inverter 47. The operation amplifier 45 compares a voltage of

the reception signal detected in the reception signal

demodulation circuit 81 with a reference voltage determined in

two resistor elements 45a, 45b. When the voltage level of the

26 reception signal is higher than the reference voltage, the

28



410%08 ()- L, 10%0& ()-r+bzX6SH= |
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operation amplifier 45 outputs an output signal at high level,

and when the vﬁltage level of the reception signal is lower than

the reference voltage, it outputs an output signal at low level.

The inverter 47 outputs an RX detection signal, which is the

b output signal outputted from the operation amplifier 45 of which

level is inverted, to the digital board 18 wvia the first

communication cable CAl. The inverter 47 adjusts and outputs

the RX detection signal so that a current value and a voltage

value of the RX detection signal is within a defined current value

10 and a defined voltage value in the input terminal of the later
explained CPU 41 provided on the digital board 13.

The reception signal detection circuit 89 performs a
detection procesé of the reception signal periodically. In case
that the detection of the reception signal by the reception signal

15 detection circuit 89 is not performed for a certain period of time,
the later explained CPU 41 provided on the digital board 13
shifts the ERP onboard device 1 to the wait state. When the
ERP onboard device 1 is in the wait state, a power saving
switching signal is inputted from the digital board 18 to the

20 signal conversion cireuit 25. Inside the signal conversion
circuit 25, a not shown power saving control circuit operates
according to the power saving switching signal and supplies
power only to the reception signal detection circuit 39 to lower

power consumption.

25 When the reception signal detection circuit 39 detects the
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25

reception signal in the wait etate and outputs the RX detection
signal, the CPU 41 shifts the ERP onboard device 1 to the normal
state and starts supplyi'ng power to each portion. Power is
supplied to the respective devices included in the signal
conversion circuit 25 via a power supply line in the first
communication cable CA1l.

The digital board 18 is now éxplained by way of a
schematic diagram shown in Fig, 3.

As can be seen from Fig. 3, the digital board 13 comprises
the CFU 41, a reference oscillation eircuit 51 and a power control
portion 43.

The CPU 41 takes in the recgption signal (RX data signal)
from the RF board 11 (more particuiarly, received data
amplification circuit 37) via the first communication cable CA1,
and extracts information such as on an onboard device validation
signal, a toll, a position of a tollgate, ete. The CPU 41 ocutputs a
transmission signal (TX data signal) including the onboard
device validation signal, vehicle information, IC card
information, etc. to the RF board 11 (more particularly, FET 29)
via the first communication cable CA1l. The CPU 41 comprises 2
memory (not shown) for aceumulating information such as a
name of the owner of the onboard device, vehicle data, tolls paid,
dates, time, etc,

The reference oscillation circuit 51 comprises a crystal

oscillator, ete., for example, and outputs a reference clock signal
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The power control portion 48 comprises a voltage
conversion portion 48a and a switch 48b. It performs
appropriate voltage conversion of a voltage (9-24V) supplied from

5 apower unit BT (battery) provided in the vehicle to supply power

in a voltage suitable for operations of the respective portions.

In the vehicle, the noise such as an ignition noise is generated.

However, the voltage conversion portion 43a of the power control

portion 48 comprises a coil, a condenser, a filter, ete. for

10 removing the noise, and it prevents the noise from affecting to
the portion to which the power is supplied.

To the digital hoard 13_, a display portion 15 is connected
via the second communication cable CA2, the card holder 58 is
connected via the third communication cable CA3, and a buzzer

15 55 is connected via the fourth communication cable CA4.

The display portion 15 displays various information such
as the toll, tolls paid, insertion state of an IC card, position of the
tollgate, etc. according to a display instruction signal from the
CPU 41 to provide the information to the user. An IC card 57

20  can be fitted into the card holder 58. The card holder 538 reads
and updates the IC card information included in the IC card 57
according to an IC card operation instruction signal from the
CPU 41. The buzzer 55 gives an alarm to the user according to
a sound output instruction signal from the CPU 41.

25 In the ERP onboard device 1 constituted as such, the
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phase converter 28 is formed into a near V-shape corresponding
to a shape in the vicinity of a corner portion of the quadrangular
antenna body 21, and the phase converter 28 and the antenna
body 21 are arranged on the same RF board 11 so that the inner
5 vertex of the nearly V-shaped portion of the phase converter 23
faces the corner of the quadrangular antenna body 21, as can be

seen from Figs. 1A and 1B.
In other words, since the phase converter 23 is formed
into a near V-shape corresponding to a cormer portion of the
10 quadrangular antenna body 21, it can be arranged close to the
antenna body 21, narrowing an interval between the antenna
body 21 and the phase converter 23. The antenna 20 comprising
such a phase converter 28 according to the present embodimént
can prevent forming wasted spaces between the phase converter
15 23 and the antenna body 21. Accordingly, by eliminating wasted
spaces, the substantial area occupied by the antenna body 21 and
the phase converter 23 can be reduced and the antenna 20 can be

minimized.

Additionally, since the phase converter 23 is arranged in
20  the vicinity of a corner of the quadrangular antenna body 21, the
influence to electric fields around the antenna body 21 can be
‘reduced. Consequently, the influence to the anteunna
characteristics of the antenna body 21 by the phase converter 23

can be repressed.

25 Accordingly, the antenna 20 provided with the ERP
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21 by the phase converter 23, but also reduce the occupied area.

Since the antenna body 21 is formed into a square of

5 which length and breadth are the same, the frequency bands of
the radio waves detected in the vertical and transversal
directions can be comformed to each other. Therefore,
transmitting and receiving of the circularly polarized wave can
be performed more precisely.

10 Also, since the antenna body 21 is formed into a flat board,
the attachment to the RF board 11 is easy. By fixing the
antenna body 21 and the phase converter 23 on the same board,
it is easier to determine .the relative position of the 'antenn.a body
21 to the phase converter 28 than a case in which both devices

15 are fixed on separate boards. Therefore, complicated operations
for producing the antenna becomes simple.

According to the antenna 20 of the present embodiment,
easy arrangement of the antenna body 21 and the phase
converter 28 to target positions is possible. Mozreover, the

20 antenna 20 itself can be miniaturized, and fluctuation of the
antenna characteristics can be repressed. Additionally, since
complicated operations for producing the antenna 20 can be
dissolved, the production efficiency per unit of time is improved
and the costs for producing the antenna 20 can be reduced.

25 When the antenna body and the phase converter are fixed
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on separate boards, there is a fear that the relative position of
the antenna body to the phase converter are changed due to the
change of position of either of the boards and that the phage
converter is moved to a position where the antenna

§ characteristics are lowered. If the antenna body 21 and the
phase converter 28 are fixed on the same RF board 11 as in the
present embodiment, the relative position of the antenna body 21
to the phase converter 23 is not changed and lowering of the
antenna characteristics is prevented.

10 The RF board 11 is a PTFE or BT resin RF board which
does not affect a high frequency characteristic of the antenna
body 21. Therefore, fluctuation of the antenna characteristics
by the RF board 11 can be repressed. The ‘material used for the
PTFE or BT resin RF board is expensive, However, since the

16 substantial occupied area can be reduced, the consumption is
lowered compared to before, and thereby cost reduction is
possible.

In the antenna 20 of the present embodiment, the
antenna body 21 is fixed on one side of the RF board 11 and the

20 phase converter 28 is fixed on the other side of the RF board 11.
Compared to a case of fixing both devices on the same side, it is
possible to provide a longer distance between the antenna body
21 and the phase converter 28. Thereby, fluctuation of the
antenna characteristics can be repressed and satisfactory

95 transmission and reception of the radio wave can be realized.
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The phase converter 23 can perform phase conversion so
that the first and the second signals Sa and Sh have an equal
phase. Also, since the first and the second signals Sa and Sb
have an almost equal passage loss, a combined signal into which
5 the first and the second signals Sa and Sb are appropriately
combined can be outputted. In other words, the phase converter
28 not only allows the antenna 20 to be miniaturized, but also
maintaing a function of converting two signals of a different
phase into signals of an equal phase and outputting the signals

10 as a combined signal,

The ERP onboard device 1 comprising the antenna 20
~which can be miniaturized requires a smaller installation space
for the antenna 20 on the RF board 11 compared to before,
thereby allowing miniaturization of the whole device. Moreover,

15 since the antenna 20 can repress fluctuation of the antenna
characteristics by the phase converter 23, the ERP onboard
device 1 can transmit and receive the radio wave to and from the
outside in good econdition and precise transmission and reception
of data can be performed.

20 As a result, the ERP onboard device 1 of the present
embodiment can improve mountability on a vehicle owing to the
miniaturization, and realize a stable ERP system owing to the
improvement in precision of data transmission and reception.

Here, measurements performed to confirm that two

25 signals of a different phase can be appropriately combined by
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setting the inner and the outer lines of the nearly V-ghaped bent
portion of the phase converter to have different line widths are
explained.
Two signals of an equal phase were respectively inputted
5  to first and second I/O ports of a phase converter, and the phase
and the passﬁge loss of an output signal from a third I/0 port
were measured.
In the present measurements of the phase and the
passage loss, two types of nearly V-shaped phase converters, as

10 shown in Fig. 6A, of which line width W1 of the first line 23a and
the line width W2 of the third line 28c are different, and a phase
converter of which line width W1 is the same with the line width
W2 are used, Specifically, the first measurément using a phase
converter of which line width W1 = 2.86mm and the line width

15 W2 = 1,60mm, the second measurement using a phase converter
of which line width W1 = 2.86mm and the line width W2 =
1.84mm, and the third measurement using a phase converter of
which line width W1 = 2,36mm and the line width W2 = 2.36mm
were performed.

20 The impedance of the line with the line width 2,86mm is
45.30, the impedance of the line with the line width 1.50mm is
59.0Q, and the impedance of the line with the line width 1.84mm
is 62.6Q. The intra-line wavelength L3 of the first and the
third lines 284 and 28¢ is determined so that L3 = (Ag/ 4), and

25 the intra-line wavelength L4 of the second and the fourth lines
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28b and 23d is determined so that L4 = (A g / 8.23). The
impedance in the second and the fourth lines 28b and 234 is 37.4
Q,

As a comparison, a measurement (reference
6 measurement) of the phase and the passage loss of the nearly
rectangular phase converter 105 as shown in Fig. 6B is also
performed. Specifically, the phase converter 105 of which line
width W1 of the first line 105a and line width W2 of the third
line 105¢ are equal to 2.00mm is used. The impedance of the
10 line with the line width 2.00mm is 50.0Q. In the phase
converter 105 for the reference measurement, all the intra-line
wavelength LB of the first, the second, the third and the fourth
lines 1056a, 105b, 105¢ and 105d is determined éo that L6 =(Ag/
4). The impedance in the second and the fourth lines 105b and

16 106d is 35.4Q.

Figs. TA-7D show the measurement results with respect
to the passage loss, and Figs. 8A-8C show the measurement
results with respect to the phase, Fig. TA shows the result of
the first measurement, Fig. 7B shows the result of the second

20 measurement, Fig. 7C shows the result of the reference
measurement, and Fig. 7D shows the result of third
measurement, Fig. 8A shows the result of the first
measurement, Fig., 8B shows the result of the reference
measurement, and Fig. 8C shows the result of the third

25 measurement. In Fige 7TA-7TD and 8A-8C, the measurement
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result of the first signal inputted from the first I/O port is shown
by a line A, and the measurement result of the second signal

inputted from the second 1/0 port is shown by a line B.
Referring to the measurement results of th’e vassage loss
5 shown in Figs. TA-7D, two signals in the first and the second
measurements had a practically equal passage loss.
Accordingly, it is understood that the phase converters used in
the first and the second measurements can output two signals
with an almost equal passage loss and combine them
10  appropriately. Specifically, in the phase converter in the second
measurement, the passage losses of the two signals showed an
almost equal value, and the performance is almost equal to the
phase convérter used in the reference measﬁrement. Theérefore,
it is considered that the phase converter in the second
15 ~measurement can combine two signals more precigely. On the
other hand, the measurement result in the third measurement
shows a large difference between the respective passage losses of
the two signals., Therefore, it is considered that the rhase
converter in the third measurement has an adverse effect to the

20 cross polarization characteristic and axial ratio.

Referring to the measurement results shown in Figs. 8A-
8C, a phase difference between the two output signals (C1 + D1)
is about 90 degrees in the first measurement. Therefore, it is
understood that the result equivalent to the phase difference in

25 the reference measurement (C2 + D2) can be obtained. Also in
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the third measurement, the phase difference (C3 + D8) is about
90 degrees, and the result equivalent to the phase difference in

the reference measurement can be obtained.
In view of the measurement results of Figs. 7A-7D and
5 8A-8C, it is understood that even in the phase converter formed
into a mear V-shape, the equivalent phase conversion quantity
and passage loss to the conventional nearly rectangular phase
converter ¢can be realized by setting the line widths W1 and W2
to have different values. Additionally, according to the other

10 measurement results performed by the inventors, it is found that
setting the line width W1 so that the impedance is 0.9Z,+10%
and the line width W2 so that the impedance is 1.25Z,£20%
where Z, is the impedance of an external line connected to the
phase converter enables the nearly V-shaped phase converter to

16 realize the phase conversion quantity and passage loss
practically equivalent to those of the conventional phase
converter. By setting the intra-line wavelength in the second
and the fourth lines 28b and 23d to be (A g/ 8.28), more suitable
phase conversion quantity and passage loss can be realized.

20 The present invention should not be limited to the
described embodiments, and other modifications and variations
might be possible without departing from the scope of the
invention.

For instance, the antenna body 21 and the phase

26  converter 23 are not necessarily attached to the sides opposed to
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each other of the RF board 11. They may be arranged on the

gsame side of the RF board 11 as shown in Fig. 4A. In addition,

the antenna body 21 is not necessarily attached to the RF board

11 so that the respective sides are positioned side by side to each

6 other. The antenna body 21 may be attached to the RF board 11

by turning the antenna body 21 about 45 degrees, as shown in

Fig. 4B. In this case, the phase comverter 23 changes its

position in accordance with the turn of the antenna body 21 so

that the inner vertex of the nearly V-shaped portion faces to a

10 corner of the gquadrangular antenna body 21. In this manner,

the antenna body 21 and the phase converter 23 can be arranged

without creating wasted areas on the board, and accordingly, it is
possible to mount other devices in an efficient manner.‘

In Fig, 4B, the antenna body 21 and the phase converter

15 23 are attached on the same sides of the RF board 11. However,
the antenn'a body 21 and the phase converter 28 may be attached
on the sides opposite to each other of the RF board 11 as shown in
Figs. 4C and 4D. TFig. 4C shows a schematic diagram of the R¥
board 11 when looked from the antcnna face, and Fig, 4D shows u

20 schematic diagram of the RF board 11 when looked from the part
face.

In the above embodiment, the phase converter is a branch
line type hybrid circuit (848 directional coupler). However, the
phase converter may be a vat race type or hybrid ring type hybrid

95 circuit. Types of the hybrid circuit (3dB directional coupler) are
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described in detail in “Microwave Circuit for Communication

(Institute of Telecommunications Engineer_s, Corona Publishing
Co., Ltd.). |

The above embodiment describes the antenna for

5 transmitting and receiving a right-handed circularly polarized

wave. However, the antenna of the present invention can be

used as an antenna for a left-handed circularly polarized wave.

The antenna for left-handed circularly polarized wave can he

realized by connecting the third 1/0 port 28g of the phase

10  converter 28 to the dummy resistance and connecting the fourth
I70 port 23h to the signal conversion circuit 25.

As shown in Fig. 9, by providing a second signal
conversion circuit 26 similarly " constituted to the signal
conversion circuit 25, instead of the dummy resistance, and by

156 connecting the second signal conversion circuit 26 to the digital
board 13, an antenna 61 which can transmit and receive both
right-handed and left-handed circularly polarized waves can he
constituted. In this case, the signal conversion ecircuit 25
performs signal conversion of a signal by a right-handed

20 circularly polarized wave, and the second signal conversion
cireuit 26 performs signal conversion of a signal by a left-handed
circularly polarized wave. The digital board 18 is constituted to
comprise an interface for connection with the second signal
conversion circuit 26, and the CPU of the digital board 18 is

256  comstituted to perform a process for transmitting and receiving
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various information to and from the outside based on the signals
respectively by right-handed and left-handed circularly polarized
waves,

In the above embodiment, the phase converter 23 (see Fig.

§ 6A) of which line widths W1 and W2 respectively of the first and
the third lines 28a and 28c are different is deseribed. However,
even if the line widths W1 and W2 are different, the antenna of

the present invention can be realized by using a phase converter
constituted so that two signals leading to the combined signal

10 have an almost equal passage loss. For instance, even if the
phase converter shown in Fig. 6A has the firet and the third lines

Z28a and 23c of which line widths W1 and W2 are the same, and
the second and the fourth lines 23b and 28d of which line widths -

Wa and Wb are different, a phase converter constituted so that

15  two signals leading to the combined signal have an almost equal
passage loss can be used for the antenna of the present invention.
Similarly, even if the phase converter shown in Fig. 6A has the

first and the third lines 23a and 28c with different line widths

W1 and W2, and the second and the fourth lines 23b and 28d

20  with different line widths Wa and Wb, a phase converter
constituted so that two signals leading to the comhined signal
have an almost equal passage loss can be used for the antenna of

the present invention.
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WHAT IS CLAIMED IS:

1. An antenna for transmitting and receiving a radio wave,
comprising:
5 an antenna body for a circularly polarized wave which is

formed into a quadrangular flat board constituted from an

electric conductor and which outputs reception signals of a
different phase respectively from two feeding points; and

a phase converter which converts the two signals of a

10 different phase inputted from the respective feeding points of the

antenna body into signals of an equal phase and outputs &
combined signal into which the two signals are combined,

wherein the phase converter iz formed into a near V-

shape corresponding to a shape in the vicinity of a corner portion

15 of the quadrangular antenna body, and is arranged on nearly the

same plane as the antenna body so that the inner vertex of the

nearly V-shaped portion faces the corner portion of the

quadrangular antenna body.

20 2. The antenna set forth in claim 1, wherein said phase
converter and antenna body are fornied on the same board so
that the inner vertex of the nearly V-shaped portion of the phase
converter faces the corner portion of the quadrangular antenna
body.
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3. The antenna set forth in c¢laim 1 or 2, wherein said phase
converter is formed into a near V-shape bent in the middle of the
longitudinal length of an electric conductor forming a long
circular line,

5 first and second I/0 ports into which said two signals of a
different phase are inputted being formed on the inner line of the
nearly V-shaped bent portion of the electric conductor in
positions symmetric with respect to the bent portion and in
positions where the length between the ports is about one fourth

10 of a wavelength A g of the radio wave transmitted and received
by the antenna,

a third I/0 port from which said combined signal is
outputted and a fourth I/0 port connected to a resistor element
having a resistance value equivalent to the input impedance of

15 an external line to which the third I/0 port is connected being
formed on the outer line of the nearly V-shaped bent portion of
the electric conductor in positions symmetric with respect to the
bent portion and in positions where the length between the ports
is about one fourth of a wavelength A g of the radioc wave

20 transmitted and received by the antenna,

a line width between the first and the second I/O ports
and a line width between the third and the fourth 1/0 ports being
determined so that the two signals inputted to the first and the

second ¥/0O ports have an equal passage loss.

26
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4, A phase converter for converting two signals of a different
phase inputted from the outside to signals of an equal phase and
outputting a combined signal into which the two signals after the
phase conversion are combined,

5 the phase converter being an electric conductor forming a
long cireular line which is formed into a near V-shape bent in the
middle of the longitudinal length,

first and second I/O ports into which the two signals of a
different phase are inputted being formed on the inner line of the
10 nearly V.shaped bent portion of the electric conductor in
positions symmetric with respect to the bent portion and in
positions where the length between the ports is about one fourth
of a wavelength A g of the signal inpﬁtted from the outeide,
a third 1/0 port from which said combined signal is
15 outputted and a fourth I/0 port connected to a resistor element
having a resistance value equivalent to the input impedance of
an extermal line to which the third I/O port is connected being
formed on the outer line of the nearly V-shaped bent portion of
the electric conductor in positions symmetric with respect to the
20  bent portion and in positions where the length between the ports
is about one fourth of a wavelength Ag of the signal inputted
from the outside,
a line width between the first and the second I/Q ports
and a line width between the third and the fourth I/0 ports being -
25 determined go that the two signals inputted to the first and the
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second I/0 ports have an equal passage loss.

5. A communication apparatus which transmits and receives
data to and from the outside by way of a radio wave, comprising
6 an antenna for transmitting and receiving the radio wave,

wherein the antenna is one of those antennas set forth in

claims 1-8.
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