PASSI VE | N-VEHI CLE UNI' T [ Techni cal Field] [0001]

This invention relates to a passive in-vehicle unit
.designed to increase the power of an RF wave radi ated
fromthe in-vehicle unit w thout increasing the

radi ated power from a roadside unit. [Background Art]

[ 0002] n-st I f ction systens
are an el ectroni i ystem and an
el ectronic road pricing (ERP) system Wth

such non-stop toll _collection systens, a w reless
comﬁﬁﬁqgﬁ%Qﬁ#|§l%bﬁ&ucted bet ween a roadsi de unit
|nstalleﬂ) he ground side and an in-vehicle unit
installed |n a vehicle, whereby toll charging or

pricing T@@emf@maohn selehats the yehstle vanvelhcle unit

i t hout stopping and cash
et el ORRE s BB SR8 R0 DA REVAATR ZA %R ped from
WiHd ianvagtidlaueritf ef tRbuwavecrandiagparsivediated pover
in-vehicle unit without an oscillator for RF wave.

ﬁHé”ba%sFQédﬁﬁd@eWPGﬁé unit reflects and nodul ates an

]gﬂgﬂatggg fromthe roadside unit (downlink
RF mave) and transmts (returns) the thus refl ected

and modul 33@2 RE wave to the roadside unit as an
zﬁg;gran ‘%%%3???58&Béggoéﬁe l%?ﬁﬁﬁﬁgysygﬁfgﬁbﬁtlng

& lpasst oei & tafehicelle dotiton (ETC) system and an electronic
road pricing (ERP) system.

With such non-stop toll collection systems, a
wireless communication is conducted between a roadside
unit installed on the ground side and an in-vehicle unit
installed in a vehicle, whereby toll charging or pricing
is performed, so that the vehicle can run without stopping
and any cash.

[0003]

In-vehicle units include an active in-vehicle unit
with an oscillator for RF wave, and a passive in-vehicle
unit without an oséillator for RF wave.

The passive in-vehicle unit reflects and modulates
an RF wave transmitted from the roadside unit (downlink
RF wave), and transmits (returns) the thus reflected and
modulated RF wave to the roadside unit as an uplink RF
wave.

[0004]

Anexplanationwill nowbeoffered for the ERP system
adopting a passive in-vehicle unit.

The ERP system is a system for charging a toll



The ERP systemis a system for charging a tol
(so-called pricing)to a vehicle entering a
predeterm ned restricted zone (for exanple, the center
of the capital city). By this pricing, an attenpt is
made to suppress the influx of vehicles into the
restricted zone the center of the c Cit

9. . i tal
(senérdyPd EFP@\'H(“%dgFPa? f‘fie@l&&?ggglﬂ%ﬁflgo?%f%egetem&ed

eskablish & S0 cer Of dLNROCE NG ROrcd i PABPOEt Bhé MPapital

I nfrastructural devel opnent. [0005] Wth the ERP

systyém B8y théownpimd Fing, Gn @tgwanply s vkgdd §Q quppress
t e-.shaped ructure is.ppstalle !

AR R g v 9 S e BERU et Aed A e o0

corneshedriocr the dpadsadeimilt, tAevrehiyckeldeving traffic

equi pped wth a passive in-vehicle unit

9ﬁ€ﬁﬁﬁ%§q3jﬂQﬁetq ?ﬁﬁ@b&&%aNqiﬁ?%ﬁﬁﬁr??éfiéanCi?g for
%%ﬁ{i%gﬂo&aééiﬂrbrpeﬂ{\@fo‘ﬁsttti%c%'ﬁtr%"lnaie%@ﬂ%ﬁm@ﬁtl.n' vehicle
uni

is carried out by an RF wave in the
quasi - mléPéwdve band (for exanple, 2360 MHz), and the

OB P ERE, B9k LB W Bibhe el ey
2 which is a gate-shaped structure is installed astride
a road 1, and this gantry 2 is equipped with an antenna
3 connected to the roadside unit.

A vehicle 4 is equipped with a passive in-vehicle
unit 5.

When the vehicle 4 runs below the gantry 2,
communication between the antenna 3 and the in-vehicle
unit 5 is carried out by an RF wave in the quasi-microwave
band (for example, 2360 MHz), and the charging is
automatically performed, with the vehicle 4 in a non-stop
state.

[0006]

The state of communication between the antenna 3
and the in-vehicle unit 5 will be described with reference
to Fig. 7 which is a time chart.

A modulated wave MW and a carrier wave
(nonmodulation wave) CW succeeding the modulated wave MW
are transmitted from the antenna 3 as a wave corresponding
to one slot of communication. The modulated wave MW
contains, as information, such information as one showing
an entrance to the ERP system.

The in-vehicle unit 5 receives the modulated wave

MW and demodulates it to determine that the vehicle 4 has



The state of communication between the antenna 3 and
the in-vehicle unit 5 will be described with reference
to Fig. 7 which is atinme chart. A nodul at ed
wave MW and a carrier wave (nonnodul ati on wave) CW
succeedi ng the nodul ated wave MWV are transmtted from

the antenna 3 as a wave correspondi ng to one sl|ot of
esminad &t e Thet FBAGRatted thks &IV TOREaltns, TAgn, the

ii@)f—Q;e'ﬁélc@qunﬁl{CEﬁLngé%giz—Prlf'd%d?ﬂea Wiﬂégcgﬁ}rier wave
entrance to the system The in-vehicle
Il & ub creddinge $ hich eondLd tad d ov anesy WiNca i d ademodulidt @s an

i.t to determne that the_ vehicle h arrived. at t .
SR T bRl aye o pathe AT VER 8] el If1c
dutgfltert svaanduwnsisth a4 €8 st s earrela twaste, O/ information
succeedi ng the nodul ated wave MNVto transmt it as an

- Viéisl cline WAt tcbait BOL tRE wehAE \ORATRES i n- vehi cl e unit
out put Bﬁe"\@}{?et acgnl‘ébﬁﬁvegsth_@fPﬁ@éh?@’lel Pnit output

i nformation o e In-vehicle unit 5, for exanple.

. Rewamtdithao3cakceilees thehangedhial ke amd peodopot PRECiNg
wave UWto calculate a charged toll and perform

Britcitn g WHSE B SUbsEgUBHE LG Aication. [Sunmary of

| nvestinaaly[ dechriveal t R5opl eni [0007] The
above-descri bed passive in-vehicle unit 5 has no

osci | | afdecerdcdit , PeeRL %)t hus advant ageous in that

it is s%@gbq]in apparatus configuration and is

I nexpensi ve. Thi s passive in-vehicle unit 5,
however Thel @ttveedelsy ridfd @ plass stinee darniadri gvaw airdly 5> has

whi ch h een transmtted,from.t he ant S.Su
Aot ALo g A arth e S AL A FN08gEoudd ih Eflac
eutis i b1 waitea PMA riitss, cdbheipaner ioh dheé iisntivekpeheive.
unit out put RE wave UWis weak. . For this

reason, TPfSaRaRE Wik el BT BRT 6ChEr Wddi @ sYRRERY EF or

eXamRL8.c Wde R W d ehess, ANy Whlehclasich has been
frequency close to the frequency of the RE wave used

tmaniseiERR & yistam teat ensenhe Somamistmh omdopetyrns it
LRSS ARG o A LRLCPEE URLINED e, R UBYESriave
UwW Thus, the power of the in-vehicle unit output RF wave
UW is weak.

For this reason, if an RF wave from other radio
system (for example, wide area wireless LAN), which has
a frequency close to the frequency of the RF wave used
in the ERP system, enters the communication zone of the
ERP system, interference between the RF waves may occur,
making reliable pricing impossible.

[0008]

An increase of the radiated power from the antenna
3 is expected to boost the in-vehicle unit output RF wave

UW accordingly, and successfully prevent a trouble due

to electromagnetic interference. Actually, however, the



[ 0008] An increase of the radi ated power from
the antenna 3 is expected to boost the in-vehicle unit
out put RE wave OW accordi ngly, and successfully

prevent a trouble due to electromagnetic interference.
Actual Iy, however, the power of the RF wave radi ated
fromthe antenna 3 cannot, be i ncreased. OOOQL Tge

PO L ardadl gldgcadiated Typg BRhRagBEcE BageCannOt
waere, &-dh oL@t i on vehicl e passes which cannot be
subjected to appropriate pricing, for exanple, because

of the ilM$EI%)ion of a wong card into the in-vehicle
unit, or,.an Jjnsufficient_ba in the card. Hence,

it is vgm%i%ﬁﬁﬁ%éﬁnéf%ra?hg%gég?é%ﬁto identify the

vi ol at i ahewehinalyerd nara ddheheirenwporindl of i daiviehdhdrggpasses
In order to realize the proper identification.of the
VeHidt 2009t BenaHRAPEPS & AR PREI AEPeBEGHRI . TOF
LSS 1 M thed hgs0gRUR LAt halk el to £ Thew H6h§CERRR into
resul't can be obtained fromthe sensors installed
ahsuridh theh ¥ ale edgét of orhencémaw Eet} omt Zoabanget in the

i fi.qure . r r r
S B LR very, mpTREl O W8, LSRN
roedsd idey thict vislbndoeased i clllkeef eonmuiné catéwro zone f air
in excess of detection point. This causes fhe m stake.
Shamgian | (e ATasT For el hbPe i@ e o Aeal AT | Bdgy on
beer Ul ehq dddesprieads wthdsory 8 HhtEhCthe 88tection
change the detection point by noving the installed

sersorts WiTHust he heopoued ceft itde RESUKave Thondergction
%%%%ﬂﬁ?c%n988”8ﬁtQﬁnéﬁcfﬁéﬁeghe[Q?&Qhr inst lIQ%A round
p n I'Shed ﬁe Ilgﬁ

resent inventio as been acconp int t
chet fia rabdye- oEnt henedmeant icert iteec roleggines. shtovirs ian the
%bject of this invention to provide a passive

AVeicl e unit which can increase the power of the

i n-vehi ¢he leFdr OULRMEN RiEe YR F &I MYTRE REvEr eadtiBe ed
in-vehicle unit to the antenna connected to the
tsgasithe amitenia Kfutthfodidadsigde neni badsi HaCtRPESghd the

Ebﬁun%rxllti ion [zg‘ﬂeuﬁiso:[‘n te%djé'é)é’lo%etection point. This
causes the mistake of identification. Furthermore, the
system has already been put to widespread use, so it is
difficult to change the detection point by moving the
installed sensors. Thus, the power of the RF wave from
the antenna 3 cannot be increased.

[0010]

The present invention has been accomplished in the
light of the above-mentioned earlier technologies. It
is an object of this invention to provide a passive
in-vehicle unit which can increase the power of the
in-vehicle unit output RF wave retransmitted from the
in-vehicle unit to the antenna connected to the roadside

unit without modifying the roadside unit and its antenna.



[ 0011] A first aspect of the present invention
for solving the above problens is a passive in-vehicle

unit, including an antenna for receiving an
RE' wave transmitted from an antenna connected to a
roadsi de unit, and an in-vehicle unit circuit

for refl ecting, and nndulgiin% the RE' wave received by
the ant dnifaltor et ebfe" 2Pl N RE wave, and
outputtimgpthe return RE wave so as to be transnmitted
fromthe antenna, the passive in-vehicle unit .
conpri sifngirst aspegt sednthetivesentdyitetoionfiognragving

' Lv.e e : -
e SR o R A A S R S R Rl ppidne
unit ciraeuidnteamipdi fytrngethevieiguran RE wwawe ouvépaniéded
fromthe in-vehicle unit cjrcuit, ggg taen . g
s 13t rimgerRe SRPPEFtER &t i n RECRAPE P8 i{he 21
antennaad 03l2lehicle unfecerding tt of & SeEPNEcBsAgChnd
of the present invention, the in-vehicle unit circuit

mR LGP G L ke ddntiegle Fedelie SbPYoFsuBNtRGre WakErggte
e %aéuflrp%'v@é’%“gﬂ orau%g%t@?tn efP&ﬁi‘ﬁdRwaBk}% s0
antenna, and a regulator r suppl ying electric power

e ttee sent aghsmétcedc diromtdre tdret ®ake, up signal is
outputted. [0013] , ccording to a third aspect

of the E?’r?se[ﬂﬂsSf%‘{/%njc‘?aﬁ,eﬁf‘ﬁgesé’ﬁ%atctq?}%pﬂ?Hﬁ?t may

i ncl ude za Jdnfisdc €OWP!| €1 r afdta rEeC A SPUPY Ehe ERENWavVE
having a first port, a second port and a third port,

ZRGHAAhPprdFerntennst CUPRRT Ui Wasesferring
ic i tied, LQ; fdr ) £ rombhesys
§§§O%§h§§P??qgﬂtgﬁ%t%ﬁgv%ﬁéEE% %ﬁ%ﬁaé%gé% tf'‘nagﬂn%eenylnq
ichieutrtegdi tro Rewseeondtparttted rionem hehehiind vgbritclandinit

the f.irst rt, and outputti.ng the RF Y ich has
GagrThuasn TaeEnerhP A pORY Hrom o TP et FEoPET RF
aadcanamgid fagrehnr . anplifying the RE wave, the first
coupler may be interposed in a transm ssion |ine

connect ilA§ltAHe ant enna and the in-vehicle unit

ci rcui téx_cEl%%cfiirfgStt&oét%Qéohae alsidete GOHPHEE PRYsREt

di sposed on a side of the antenna, and the second port
ohvend ifdrr,sttiteupherehay lbe udiisposedcont ansiydeoppnie a

i n-vehi.cle jt circui he second_coupl er .may -b
PREGE 0= G ThLE nEOF L AHERPSSRGT 14 i Fealey SiHEe L tpon

i Apvekiigle dMithL IR Widvd hadt @i pedi biyovhef antenna, and a
interposition of the first coupler, the first gort of |
ragudedeid fosuprer Lidyse cdrSidded PO athé OsFRE dFMEREtLVe

antenng, At thiee SeERBILPOLY fa It hes SecepdreauR! er may
be di sposed on the side of the in-vehicle unit

circuit[08A&It he anplifier may have an input term na

conmeched 8yt e b £ PRl S S5FRRLRRHOL B0,
ppet sehilahe: ifve sticoupt ehay include a first coupler and
a second coupler, each having a first port, a second port
and a third port, and having properties of outputting the
RF wave, which has been inputted to the first port, from
the second port, outputting the RF wave, which has been

inputted to the second port, from the third port and the



[ 0014] According to a fourth aspect of the
present invention, the first and second coupl ers may
each be conposed of a | oaded ring directional coupler,
the | oaded ring directional coupler conprising a
coupler in a formof a rectangular franme and forned
froma distributed el ement (for exanple, a coupler

FEn gcﬁ?ﬁngﬁen

il Wikt i onal eBhpreting the dHd gVt F

GoHRlErdd dRmyhderh PeicostbSr-gRdeH0R1 eaehpsirde ahd an
the coupler and each fornmed froma distributed
emamigintief ofer ponpligyhhaatrbef BFnedvar thar fésphersupfer

t I d f [ ib :
S Sh R T e R R o o Pt PR o fl PR bBflept ing ehe
porderres malthe [10036¢h Acteranny ¢oraulift hhaspecstoport

t he present invention, cinculaths, eac h%%hgg a
AT §te porS T OIREBRAPOPE drid L ThPT @ Port 0Lt ABYFRG
RiePehld 88 ofhPplRut bingnthei REt wavel whingy BasdhegBsed
inputted to the first port, fromthe second port |,

ont petidenyt the RE-wabeclehicht fas hddn thprasnd 6orRéer

0 ) th ir - u ti
BECP I B RSN I 000 SRS MRS D e
fimemdthie- é nsti tparitrcutpy thernusedoasttibe cbupheesposition
A Ssixth asgect of the present invention

%%?%g%lfﬂﬁﬁttw%%% thobiemt Perh phddis gecriehiPipéer

Wit beCOMPHLSEAY% N the side BFM €6EIaH Th @} & they second
recei ving an RE wave transmtted from an antenna ,
eomectfed o e eeRdsFEEPLAILt May be dispesed-QBhfBPeside

lé%' Ehg i irnc—%éhigie rtﬁ{ite%tiir.%gliacnd amdyﬂié‘tai ff‘fe B’%ay have
Wave recei ved by the receiving antenna to creafe a
met 1inpu RE e muaiviea 1 achroaut pad trionghé Heh irned pom tREE theevegcond

a sequctive circuit for allo

BebErda Bt HEvr KeErviTG Hitin e T ihe S UMt aRgade the

thansf ¢di G £ henBEr iwave dongiher i n-vehicle unit
circuit, anplifying the return RE wave outputted from
the in-V&Rildle unit circuit, and then outputting the

D na PSR T, OB EN i, o S ETBELLELRS,
dutveutttiech f rione t hersénmbact isecaniad cuptpland may each be
composed of a loaded ring directional coupler, the loaded
ring directional coupler comprising a coupler in a form
of arectangular frame and formed fromadistributedelement
(for example, a coupler, a ring directional coupler, or
a loaded ring directional coupler), many periodic stubs
loaded on each side of the coupler and each formed from
a distributed element, four port terminals formed at four
corners of the coupler and each formed from a distributed
element, and a terminator for terminating one of the port
terminals.
[0015]

According toa fifth aspect of the present invention,



wherein the sem active circuit includes a

coupl er having a first port, a second port and a third

port, and having properties of outputting the RE

wave, which has been inputted to the first port, from

the second port , outputting the RE wave, which has

been inputted to the second port, fromthe thirg por.t

S TREAFPFSt §RFR DA cutip gt My tthe 2RE [ HiHitcAnd

has nheen porut bad Havihg bRiopdRArds offf kbl fid$tthe RE

port, and an anplifier for anplifying the RF wave,

ey coupliarh hesi heenpbspdtitedateremeiissitodtithe from the

connecting.t I Vi and it Ln~vehi ¢

R A R ek e

dics posed corad Sale: offtde tlecetvl ng woit epnandaodtphéting

second port of the coupler is,disgosgd on ﬁ siﬁg of c

e iR Vel &M R4 dpen hRgutted to tRg HRprd Pert

hasnchdppirser phpal, arrnesd edsd@ dbhechbi edupArdr Of

t he coupler, and has an output term nal connected to

the trar$#¥laling antenna. [0017] According to

a seventh ct..0 S ' t Ny :

i xth athseeBE aReet SRR e pa Tblsa Ly 45k potving

tihec WHovmyp colpeinse ia eontad iveduhevébichet putitti ,ng

awake- up, si gnal upon inputting of the RE wave received

by He Hrfit%nna, and a regul ator for supplying electric

pover tQ theSenmetiNeefhbCyidr Whek thenyeke- P wave

signal is outputted. [0018] According to an

Sirgitsnidsprd if o phe2pE B8t CPRVEREREN: O iTnTrPREssidg Rnit;

aspect af, tie JAwent d oy s the;caunliers Jyher £orpesed 20l

a loaded ring directironal coupler, the |l oaded rin

diodedts taivad  theuBlFewavenpeicsiivgdabyotbkerecaigihgr angenna

g rect angul ar %rane gnd fornmed frog1a %Lstr% ut ed rn RF
PefrERe. - nany e pBFPobf ¢V 8¥ s 2P 6adBHPE: télch thi%é o

tvagecoupl er and each fornmed froma distributed

el ement, four port termnals formed at four corners of

t he coupl SEMHRE et ¢HEREA L foh & diwtinputea RE wave

ebemanfog and @,4 F%g%g?b%gf YUnd &iE NS 1 P9s8nerdndrdifed,

port term nal s.
transferring the RF wave to the in-vehicle unit circuit,
amplifyingthe returnRF wave outputted fromthe in-vehicle
unit circuit, and then outputting the amplified return
RF wave; and

a transmitting antenna for transmitting the
amplified return RF wave outputted from the semiactive
circuit, and.

wherein the semiactive circuit includes

a coupler having a first port, a second port and
a third port, and having properties of outputting the RF
wave, which has been inputted to the first port, from the
secondport, outputting the RFwave, whichhasbeeninputted

to the second port, from the third port and the first port,



According to a ninth aspect of the present invention,

in the sixth aspect of the invention, a circul ator,
having a first port, a second port and a third port,

and having properties of outputting the RE wave, which
has been inputtedto the first port, fronthesecondport,
outputting the RF wave, which has been inputted to th
ﬁ&gnﬂu%‘ﬂl?mﬁoﬁh?hg’ﬁ Wer® pofitichatP Ut pt t FRGUERED to
R e Ve ErqWBbeh, hasoheemd nputdedotpet hgnhird port,
fromthe first port, may be used as the coupler.

[ Advant agecusp Effeersfot bmpdnitiivon]g [(0D20RF wave,

Wth th resent, invent.i on em act.i | E Ui :
uhi ch a1 1B e w1 H HE OSalerp eter bEnThySHhgn Line
adrandat 1 0g pass rasassitting taransies sirid the thevehicle unit
in-vehjcle unit circuit, anplifies the ugligk RF wave
ittt ted ¥Rom thet iRRTENPEl ERENFPUBLPEURE, FARROSHEh o0 @
tyiansiar shit rdCe t BENANLARBANA, SaRHOVH 65k DOE MRS £ REF the
antenna and the in-véhicle unit circuit. Thus, the .
FoVEr L of 169 spslsatkoRE s \wew e fridtat pedehiehetyipl t circuit,
59{ ehicle unit to the antenna can be increased,

Wi thout changes in the working conditions of the

r oadsi de-haniampdnd iids rad enmain@st at¢ esithe]l tbenepltienk to

RE' ve beconmes free frominterference by an RE wave
oo R & PSSOl LS Bl | A 0 per by San perRiBal
R ey {00214 transmitNQﬁﬁ?V@ﬁteﬁﬂ&.'Oaded ring

0

di rectional coupler conposed a distributed el ement
(for exd®®le] a microstrip line), small in size, and

toler a”%c@oﬂ?;%q{lﬁ 8o #%ege@é the counlier, £ OEhé'S?rEBe‘nt&e
sem active circult. us, the semactive circuit,

daccenrdi gl y, it hehé nsyghihclaspadt ,oLanhbeidovensiized, the
and a thermally strong.in-vehicle unit can b

AORGIUEL® Laritef - BESCH BEVoroBPT BP & (631t Tobgsytute for
bludpul d Sn @ bl agk -eenki gHkat 1pBal 1 dpavt nEgSHEV G FF wave
passive in-vehicle unit according to Enbodinent 1 of
rREPrEtRY ivempbanna, and arirggwlaton HpHcrRuPPlying

%2%{5%2%?3%%@' tht%%%gm?i@é‘é 0o & PASSL V&L oI fhRe-up
g to odi mrent of the present
Eagerdtli dre outputted.

[(0018]

According to an eighth aspect of the present
invention, inthesixthaspect of the invention, the coupler
may be composed of a loaded ring directional coupler, the
loaded ring directional coupler comprising a coupler in
a form of a rectangular frame and formed from a distributed
element, many periodic stubs loaded on each side of the
coupler and each formed from a distributed element, four
port terminals formed at four corners of the coupler and
each formed from a distributed eiement, and a terminatoxr

for terminating one of the port terminals.

[0019]



Fig. 3 is a block configurational draw ng showi ng a

sem active circuit used in Enbodinents 1 and 2 of the
present invention. Fig. 4is acircuit
configurational drawi ng showi ng a | oaded directional
coupl er used as a coupler of the semactive circuit.

Fig. 5 s a block configurational wi ng showi.ng a_.
pagsi v F RS ARGl e S oPar e bR eI Shnt R et Lon,

tHe teseRt hi Aye8Et JE the ifr@ntbohs @ SGheMBidEr Vhewing
showi ng an ERP system Fig. 7 is an explanation

oft vk TR Nl R B acsrlF ot i2ave rettidd d Pate BRP having
RS B0Y i DRSO Bl L ept 3LvL0028)i ch has been

nmode for putting the present i'nvention Into
prract € tedwid thendwrise whester flbed e detanid dasedoohputting

enbodi nts of .the i nvention. [Enbodi nt .1 0024

A Sy S B T A 101 6 S SRR g o
toor&frbede eRt rd pbrihe aplesRMpd tvenyi ©Re RRewave, which
i n-vehicle unit 100 has a transmtting/receiving

drmemeen onpudit achbeehhel ehiiaftPerEeutf Yo 1gie did st port,
zﬁgéﬂﬁéi%gﬁgi%%gkhel%gnwﬁngfpransnitting/receiving

[Adéantageous Effects of Invention]

[0020]

Withthepresent invention, the semiactivecircuit,
which allows the downlink RF wave received by the antenna
topassassuch, transfersittothein-vehicleunitcircuit,
amplifies the uplink RF wave outputted from the in-vehicle
unit circuit, and then transfers it to the antenna, is
provided between the antenna and the in-vehicle unit
circuit. Thus, the power of the uplink RF wave returned
from the in-vehicle unit to the antenna can be increased,
without changes in the working conditions of the roadside
unit and its antenna. As a result, the uplink RF wave
becomes free from interference by an RF wave of other radio
system, and reliable pricing can be performed.

[0021]

Moreover, the loaded ring directional coupler
composed of a distributed element (for example, a
microstrip line), small in size, and tolerant of heat is
used as the coupler for use in the semiactive circuit.
Thus, the semiactive circuit, accordingly, the in-vehicle
unit, can be downsized, and a thermally strong in-vehicle

unit can be achieved.



in-vehicle unit circuit 110, and the sem active

circuit 120 are el ectromagnetically connected together
by a transmission |ine L. [0025] In the
in-vehicle unit 100, the transm tting/receiving

antenna 101 and the in-vehicle unit
circuitllOareconponents(constituentcircuits)provided

in dB&dmferlts oratPthoveRfcPEaydiNES rhe in-vehicle unit
100 of Empshprent 1 is characterized in that the

sem active circuit 120 is newy provided between the

t ransmi tRiqg/r ésenvib hgchntemhagtoa tawaalherpwivehsioaing

unit_circuit_110. .[.0026] . ({ .
. = 199261, e t 1 of
t7 &t 1Y T ngl'r ‘é%&l\%fiﬁg Die AR T T e kP ELbgdimen ©
ravck| ot €sle By e nMAharidra. carrier wave CWtransm tted

froman antenna 3, which is connected t roadsi d .
unit, arfd%r#ndsi tasb%ﬂcan%ﬁjr‘é}léaﬁﬁiotnagugﬁﬁ‘f“ﬁ@ S%Q\‘i’éng

Wt pugd ednfpamithe igriveRide-anhg €br erbbald@nt 2 of
toward the antenna 3 connect ed to the roadside unit.
[dE2Mresent inVeatdem.active circuit 120 (its

det ai | ed..confy gur at.i i e Ay I :

fhe moadiarod wive Mvehd tReradrRine, e e O ne
by stdie datansal ¢iragiceaskdi hg Babedimet(dls tlo guass of the
unchanged, and transfers themto the in-vehicle unit

HHSERTT 140V eFhé O8eni active circuit 120 also anplifies

the in-vehy che dipid; Qul P oRE 1 gvewer WY QUi Bt Bhefing
the in-vehicle unit circuit 110, and transfers it to
hd aadadnilt reA§Lraedi Hovplant enpad 188, @ coupleripf the

[ 1 ' jve.circuit 120 has the properties of
E%Sﬁ%%fféen %Jg&ﬁéf\ﬂlgr%k RE' wave as such for transfer,

and anplrifgyi Bgishe hpbthkedit igavetfiionalr dmsfvemng showing
A concrete configurational exanple of the_sem.active

& BART o0 B TP DS e SBiit 66 UG N7 nt EnBOUP HORE S, 4 ©f

[8Q@28lresent in¥Batidrvehicle unit circuit 110 has a
swtching circuit 111, a detector 112, an anplifier

113, a KBdH & 65 eoRshsmiafd ColV iehe sSWvidH gt ERFcgivSten.
gég,u)anfli fadetl ecdion Lhpeahits ANhAafens’ Shoihly a
communication method in the ERP system.

[Description of Embodiments]

[0023]

The best mode for putting the present invention
into practice will now be described in detail based on
embodiments of the invention.

[Embodiment 1]

[0024]

Fig. 1 shows apassive in-vehicleunit 100 according
to Embodiment 1 of the present invention. The in-vehicle
unit 100 has a transmitting/receiving antenna 101, an

in-vehicle unit circuit 110, and a semiactive circuit 120.

The transmitting/receiving antenna 101, the
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[ 0029] The reflection line 114 is constituted
by form ng a copper-foil transm ssion line on a
substrate. The transmission line is of a rectangul ar
shape, and its length in the transfer or transm ssion
direction of an RF wave is 1/4, provided that the

wavel ength of the carrier_wave CWis X Thus, when the,
cetTYRR IGhT Ui S1FREEdent Von2PRetREf PERLAGH IVih&E LT AL T
HYPUIPe t Bec W bERIRR G dLU § dddneBRdd S df@her by a
reflected, the phase of the rTeflected carricer wave CW
itrahsihiedi®h2 lwineh Ir.espect to the phase of the
incidentuﬂg%g (i.e., the phase is inverted). [0030]
When t he u]ated wave MW or the carrier wave CW
transm tirect & ofmthehaatienmamix of0® hetheadsi de unit is
recei ved by the transnitting/receiving ant enna

01 .
I bt B/ REVE IMARER L RBNGa 1] eF el O ERAELe unit

hawe- been 10ecsl ¥efpdne nRassedn b P eUEh ttdher seMt 3¢ birtrided
circuit 120 and transferred to the in-vehicle unit

dinr auiconvkdt {@081] in-vehiclegponitecefhieofnofetHecle unit

| at ve into,the i.n-vehigl. ' ' [t .
R B aRiRaltd Sadei s et Rt Ha e Sdacsive
BhiZ oti it t heo swet elkiwvly @rewided 1BetWwhendetect or 112
detects. t he dul ated wave MWV to denpqul ate received .
Fe AL it S RE CFEde AE HaP AP g KL a5 |f]ier+%a‘f%§}l?ﬁ8 unit
ampldfier14d43 and then inputted into the control wunit
115. [0032] The control unit 115 receives the
recei vedUded@ a to deternmine, for exanple, that the

vehi cl e S ' : t.ranc ERR-s
mhereafgggat égé%ﬁ?FgﬁHER?F%%Té%gﬁfﬁ%?%égggngﬁﬁt%% ves
dahadhlawhicchwhscaMdigid al casrghalr. wdhe CW ansami 4t edt edtfarom

b includes, for ex le, IDinformation on, th .
R FEHEOTE Ui f”hfdg?rml[soﬁ&‘ﬂnec’ceé to aTﬁé’atcPsalrfg?ﬁ‘irPetd' and

daleth dni s S8 -0y d e B d o1 N Gh i E R whble NG Uit ted
swtching circuit 111 perforns a switching action in
fespoide tigtirhhigh erhtec{Hrust LRE rtewasihithq Bptemna
%h%&ﬂﬁgg%g&tgg gﬁ%aﬂ%adside unit.

[0027]

The semiactive circuit 120 (its detailed
configuration will be described later) allows the
modulated wave MW and the carrier wave CW received by the
transmitting/receiving antenna 101 to pass unchanged, and
transfers them to the in-vehicle unit circuit 110. The
semiactive circuit 120 also amplifies the in-vehicle unit
output RFwave UWoutputted fromthe in~-vehicleunit circuit
110, and transfers it to the transmitting/receiving
antenna 101.

That is, the semiactive circuit 120 has the

properties of passing the downlink RF wave as such for

transfer, and amplifying the uplink RF wave for transfer.

11



When the switching circuit 111 is open (in OFF-state),
the carrier wave OWVis reflected by the switching

circuit 111. When the switching circuit 111 is
throm (in ONstate), the carrier wave OVNis refl ected
by the reflection line 11 4 . The phase difference of
the reflected RF wave is 180 degrees when_ the

swi t chi Ag QYRS | SOBHEAUER LRGN VRIS PhetPéngt h
Ukl £fd €ciioniti A8 o SiiSel BO BesdfApeb0034er in

I'n the above-descri bed manner, the switching circuit
Erbddsimgniowed to performa switching action in
responsgo%gn}he transmtted data b. Thus, the position
of refl CtIOH of the carrier wave ONdiffers, with the
result tripat itrhergihiasee ofinti e crefdudat ad Rhawve switching
changes, _.and binary phase-shift ke{lng (BPSK) takes
Fracditalids| 2 GedE O havie «c PBABI LpbRTtht 3/ i Ry lator
phase-shidd Jeeyhrdsehi ddie fardil &y wave 10AhReeopes 1kbe ion
in-vehicle unit output RE wave UW which is outputted
fliom tlhel i rervéhd ctentmiotl ¢invigui ¢CRAUD. 116035]

The in-x%%bg]e unit out put RE wave UWoutputted from

the in-vehicl'e unit circuit 110 is anplified by the

sem act e ekefteict ib20,1 iared 1tlen st cansteétuedd oyt fierming
transmtting/receiving antenna 101. Then, the wave %ﬁg

Ps COPRIRET 146kl (FRBERAEAN Y dmieon @ substrate.

Elﬁcé'ﬂ%mitstsjir&{ fehel Vé BF AHRM r shape, ahbei POWRhgth

of the in-vehicle unit output wave has been

iLncEbaséd aby feve osefitavtswes eippuiliregbiothed, aav &Y Wpve
an RE ve fro t.her. radi o system(for amle, w.d

2B AT s 3 SRS e B Rt i ave
gwtpls; RE vmves ,%th@nnﬂ{lgedayrﬁ_@h:i %éeé t:womg incident on
| nter ence Wt the s pI ng-1 wave, ut, 1's .
thiperst i%egwedhony? Hﬂe‘l EREGHAY Shor e i HAAS e tht 411
Hepces fiedh all e i £4No KA P eheede £ QO3Rd carrier
Wth the in-vehicle unit 100 of Enbodi ment 1, the

vaarsfit tisnghiéteidvilhg2ant shnacspecand ot hbe pheett clfe the
yglcgdgnucc%}vellpi a%?bﬁgm?:@{g % (Jfgnfﬁ{,éyggh)m rcuits)

used 1 n the conven vehi cl'e uni t, so that
convent if6AaldJdesi gn technol ogi es can be appli ed,

unchanged, for the transmtting/receiying antenna 101
and ¢ neifikny EhpcREdHIAt S HET M G Ak Eno AR e e O
€paakhti HeRld FFde @se bgheeanallusf reld abb®dside unit is
experiences wth and know how about design and

rafefyecubynghackuansatdd by f hecesrieat pphgnna 101, the
modulated wave MW and the carrier wave CW that have been

received are passed through the semiactive circuit 120
and transferred to the in-vehicle unit circuit 110.

[0031]

Upon reception of the modulated wave MW into the
in-vehicle unit circuit 110, the modulated wave MW 1is
inputted to the detector 112 via the switching circuit
111. The detector 112 detects the modulated wave MW to

demodulate received data a, and the received data a is

12



technol ogies can be utilized as such. As a result, the

in-vehicle unit 100 of Enbodi nent 1 becones a reliable

product. [0037] No specification changes are made for

the roadside wunit such as the antenna 3. Thus, the

conventional in-vehicle unit already in operation can

be used unchanged together with the new sem active

iRt 8@ Rihithe amplifiex,ldfedndridien H@defnqq}éhe
5 & radi atedsfromthe antenna 3 is not increased.

Thus, %e system can secure the sanme communi cation

zone, whildhBZnabl es the systemto achleve the good

i dentifi atlon of assi. ng h|c|e3 BS.

Wich d@@érﬁl@ﬁ@r df@g é;@a@b@dlmm taq@fvetrﬁe:m e&@‘ltarrlved
invention will be described with reference to Fig

[achi@@]e entrancethe fine Bt SIS Wi WISGEM Tnio | ﬁttrol
Wa&é%%%&&%@ do-d e dmr¥ghigl g8 WRtical

100 of Enbodiment 1
signal. The transmitted data b includes, for example,
ID information on the in-vehicle unit 100.

[0033]

The transmitted data b is sent to the switching
circuit 111, and the switching circuit 111 performs a
switching action in response to the high state (H) or the
low state (L) of the transmitted data b.

When the switching circuit 111 is open (in
OFF-state), the carrier wave CW is reflected by the
switching circuit 111.

When the switching circuit 111 is thrown (in
ON-state), the carrier wave CW is reflected by the
reflectionlinell4. Thephasedifferenceofthereflected
RF wave is 180 degrees when the switching circuit is open
or thrown because the length of the reflection line is
set to be 1/4.

[0034]

In the above-described manner, the switching
circuit 111 is allowed to perform a switching action in
response to the transmitted data b. Thus, the position
of reflection of the carrier wave CW differs, with the
result that the phase of the reflected RF wave changes,
and binary phase-shift keying (BPSK) takes place. A
reflected RF wave created upon this binary phase-shift

keying of the carrier wave CW becomes the in-vehicle unit

13



A regulator 116 is proved in an in-vehicle unit

circuit 110a of the in-vehicle unit 100a. The

regul ator 116 has the functions of supplying electric

power of regulated voltage to the anplifier 113 and

ot her power consuming elenents within the in-vehicle

unit circuit 110a, and also supplying it to the - |

semTReEiRfe ey 1RBch pppytPutted frgp thgnipgivehicle

unhi+ 145-hasct g of unction of outputting a wake-up

signal ¢ to the regulator 116, when the nodul ated wave

MVis redd@3ed by the in-vehicle unit circuit 110a,

and the received da a is.i tted 0 e.de I

112. Thgﬁg%n ?oYeﬂﬁ%?elf l&b%ﬁ#ﬂﬂ%& %% %%%%uyﬁtég%b%tted

Werk@n Whes iigratelti ¢ e aughow i tdei peri ©d dwnipglg feElby the

the RF waves MW and CWrecei ved by the

tFLMSHF Y RgFAEEEMY g Gnt@Bithathel hrensiggitced 9 ntle®

t€%éﬂ§m¥€@iﬁé?r@@bﬁvydéﬂaﬁtééﬁﬁ-16@942}hen, the WR&e UW

regul ator 116 stops the supply of electric power when

nigt trepemiitigd heewakeedp Signahed fawmi heleenceseiving
' , t supplies electric power at regul ated

tﬁﬁ%%éégt%grhe recei ver block of the circuit 110a such

as the anp igowsr 148. th043}-vehicle uihils, cohpytdRE mgve

t he period of communj cation upon transm ssion d

r@%}égﬁi‘oc?r?rb%nFﬁsaﬁEq/Méhﬁe?%géﬁcFﬁgei%%‘Hl':llg%uni fhus,

R, and shherapheBnardmobthbe roadsi 4¢s4eht (fR@WBkample,

s%ﬁg;y to the semactive circuit 120 is performed. For

otiter apepivddse lsfs 3 LAY) sbipoier Bupphy vesicderyrit eytput

b NG S8R A0L T XE ELAGY L1230, A Lhough b e, PERLACH VA cn

circurt 1 I'S provided, thérefore, waste af power

tores wiptpwingloes RBt whake phace,s powssl gonsaaptednbyarthe

be decreased, and overdi scharge of the power urce. .
BOHHTOS, Sob Tt BCVERTaPoficeiiLbe pRBVERr o0t TfaD4H BEicing
e ddhefeposthens are configured in the same manner

as in Enbodi nent 1. Thus, the portions performng the

same fuldédi3s are assigned the same nunerals and
synbol s3] RpEnbadlaRnlc k. A AR LGRERBHALAIAL 1Mt he
transmitting/receivingantennal0l andthein-vehicleunit
circuit 110 are components (constituent circuits) used
in the conventional in-vehicle unit, so that conventional
design technologies can be applied, unchanged, for the
transmitting/receivingantennal0Ol andthein-vehicleunit
circuit 110 which are the same constituent parts as before.
Thus, reliable experiences with and know-how about design
and manufacturing accumulated by the conventional
technologies can be utilized as such. As a result, the
in-vehicle unit 100 of Embodiment 1 becomes a reliable
product.

[0037]

No specification changes are made for the roadside

14



Next, the concrete configuration of the sem active
circuit 120 used in each of the in-vehicle units 100

and 100a according to Enbodi nrent 1 and Enbodi nent 2

will be described with reference to Fig. 3. As
shown in Fig. 3, the semactive circuit 120 is

di sposed in a state interpagsed jn the transm ssjon

HHE 15 ¢ohn@Et Phe ERE SOM@nsti t (i €< VG ShE oRRAL
KL i ctbedin- ¥ebbahe tMidoeridCibt chhlod Ql_rseldeﬁﬂEhanged
[ 0046] ‘ The sem active circuit 120 is conpose
doasth g potthebhpl ey, SEXE agidi 12 21ingHaghas lenphiifg -er
123. Furtihefaft?o{‘g,e t%%ugk%re§ &gjt’élel%%'v%ehpgrr%dﬁaﬂ:é@ from
used general - purpose couplers produced froma

ragneh t zadaf®i s infoer It eebakd.or Thoadethe spgtem can secure

di rectional couplers fornmed frgma distr.ibuted el enent
Llieh S48 CRREIBSH (91 11y B e G afgr Yo Lem to
Q94 dve the goodhedihesticoupl® JRpdwsidgfiéricperkt as

#11, a second port #12, and a third port #13. The
biefstreoupl er 121 has the properties of outputting the

RE @?L s been inputted to the first port
#1lrﬁ¥§8%1 egnéggond port #12, outputting the RE wave,

whi ch hg®d#8egn i nputted to the second port #12, from

the third port. #13. and the_first, ri. #11 .

andout plt BTG e FEVBTRLCWA R iag A SREiied £8

Eh® ddidch o to #Ehe Pramdie fnvsht pohtw#il. bEO0848tribed

Li kewi se, the second coupler 122 has a first port #21,

Yisdc it perncy22o Baf-a<t-hird port #23. The second

coupler[b%%gnas the properties of outputting the RF

wave, which has been inputted to the first port #21,

from t h&hsedondrqiore1#22nibufl Pt iofy ArleoREnsmave? has a
has_ been. i n o the secon

CREERIE o BTt P dHECk R (s ori " hote Hhat 10¥"of
pRbpulitidig the RE wave, which has been inputted to the
third port #23, fromthe first port #21. [0049]

[0040]

A regulator 116 is proved in an in-vehicle unit
circuit 110a of the in-vehicle unit 100a. The regulator
116 has the functions of supplying electric power of
regulated voltage to the amplifier 113 and other power
' consuming elements within the in-vehicleunit circuit 110a,
and also supplying it to the semiactive circuit 120.

[0041]

The control unit 115 has the function of outputting
a wake-up signal c to the regulator 116, when the modulated
wave MW is received by the in-vehicle unit circuit 110a,
and the received data a is inputted from the detector 112.
The control unit 115 continues to output the wake-up signal
c throughout the period during which the RF waves MW and

CW received by the transmitting/receiving antenna 101 are

15



The first coupler 121 is interposed in the

transm ssion line L, and has the first port #11

di sposed on the side of the transmtting/receiving
antenna 101 and the second port #12 di sposed on the
side of the in-vehicle unit circuit 110 (110a)

The second, coupler 122 is jnterposed in the

thiSHEedi SRR A8 oWt the FRIVeRtECEHmittt %G T cui t
110 (110g)oypth respect to the position of

interposition of the first coupler 121, and has the
first pdrhe #2oudiegpaskblt e aetbedairily pé electric power

t tti i Vi t ; d
R
airricwilt 5110ut kil ied @AYt ric power aTheqriplidd epltage

123 having the function o lifying. t RE' ve has
3 1t L RePnRAl PaGiocted HS EHECERE d 06 oUs B the
the seepad ¢oupl er 122 and an output term nal

connected to the third port #13 of the first coupler

121. [0081943] Wth the semactive circuit 120

of the f oi Lguraf i &MY,
and t he TOarer GPE i Ehiint Y geihl HRfoMipon
trraarsam 1 & & hghr eadl viengpantaennaf 10hecaR€® woarsferovezen the

along the follown ath: the first port #11 of the , .
s e%%b?e?“iﬁl-lgpgea%&gtf RS ot pepaside
GRUR! erpdwdr- 3ubpe yf itbste Horderdt2dcolf viheiseeand 120 is
coupler 122 the second port #22 of the second coupl er
rexfomegdi s, FeheoWoell REEd Oy © MV ERR, the BarpFepuPPly

V%a%jfee&e&}(ﬁd%&ytﬁ{%%ﬁf‘é‘é&%i RYLLEGE! MbRd 2RI@ARAgh
1 are passed through the semactive circuit 120, and
tuhansfeant edt dvet camsniittt dd @ ol ¢ herowmidehi, clthansore,

circui %10 (110a) . On Lhis(gccasio , .the cqu | ers ower
:ﬁ?ﬁ%ﬁéP 2BOTiRGe PGB SN T &S 88Fof 2 Es & I Tos

e duinyehbs! 8aHnbt QbR S Waved W eds pythadgler @B the
the in-vehicle unit circuit 110 (110a) is transferred

Powaafaiiced hawee Ay the ERaANSANLELRY/ FabeP@i Rgevented.
antenna[dgy4yia the followi ng route: the second port

#22 of the second coupler 122 -4 the third port #23 of

t he secdid cbbhplkerort2on g atreecanplghired 28 hedsamemanner

%%aﬁg*erto$%$§gﬁcgggl£$5%;1%%gﬂﬁgrefghéhSeL%E%hi%thhe

same functions are assigned the same numerals and symbols

as in Embodiment 1, andduplicate explanations areomitted.
[Embodiment 3]

[0045]

Next, the concrete configuration of the semiactive
circuit 120 used in each of the in-vehicle units 100 and
100a according to Embodiment 1 and Embodiment 2 will be
described with reference to Fig. 3.

As shown in Fig. 3, the semiactive circuit 120 is

disposed in a state interposed in the transmission line

L. connecting the transmitting/receiving antenna 101 and

16



On this occasion, the in-vehicle unit output RF wave
OWoutputted fromthe in-vehicle unit circuit 110

(110a) is anplified by the anplifier 123. Thus, the
anplified in-vehicle unit output RF wave UW of

i ncreased RF wave power is transmtted fromthe
transmtting/ receiving antenna 101. 005%;

Next , 1B~V BRdEd & i97g [diTiect i hal LeolpiFer 1260 f or ned
froma diggs6buted el ement such as a microstrip line,

whi ch can be used as the coupler 121 or 122, will be
descri bethewemniesftarencercolfill0 4s ousaped of two 3Tpert

I ing.directj C I [ ig. 41is
Pt nada e 15 S8t R g% 9 00ss
The | oadesd thagcdupeetisonall ,caysl ert280ei saaobst iuisaiced
by forming a copper-fail and a subgtrate whi ch wor ks

a%erf%aﬁrgtlifpﬁﬁ?e&o&pelﬁ?e‘?ﬁ RERAUGEd AEOH & FaFIF 175

ate Pt OPe fHEAHERGY., A qawé@efiﬁgpb%@tcit%natlhQ:ouplers
| oaded ring directional coupler 200 is conposed of a

rfiovgneld r eeenopatlissuplert ez e liememe $oeh of a microstrip
JSEHPTBYLBE LEATR s PruRar) 00 ¢ st ubs 202, | oaded or
port terfowl s 203a, 203b, 203c and 203d forned

The first coupler 121 has a first port #11, a second
port #12, and a third port #13. The first coupler 121
has the properties of outputting the RF wave, which has
been inputted to the first port #11, from the second port
#12, outputting the RF wave, which has been inputted to
the second port #12, from the third port #13 and the first
port #11, andoutputting the RFwave, whichhasbeeninputted
to the third port #13, from the first port #11.

[0048]

Likewise, the second coupler 122 has a first port
#21, a second port #22, and a third port #23. The second
coupler 122 has the properties of outputting the RF wave,
which has been inputted to the first port #21, from the
second port #22, outputting the RF wave, which has been
inputted to the second port #22, from the third port #23
and the first port #21, and outputting the RF wave, which
has been inputted to the third port #23, from the first
port #21.

[0049]

The first coupler 121 is interposed in the
transmission line L, and has the first port #11 disposed

on the side of the transmitting/receiving antenna 101 and

17



at the four corners of the ring directional coupler

201, and a termnator 204 for term nating the port

term nal 203d. [0056] Since the ring

di rectional coupler 201 has the many periodi c stubs

202 | oaded on each side thereof, the I ength of one

side thereof is %ess than k/ 4, provided that the )

Wdlre FEAGER BPTEhel Rl SRREMAR oF 1¥RV3 s the FHggehicle

the ¢ ihg-difeciignal; 1¢upl er 201 can be downsi zed.

The ends of the four port termnals 203a, 203b, 203c

and 203dh&r edgord coubdert R2@oritss Hitepp@dacd[ D057he

firs t h nd.por.t #2 .an h [ .

e R e e

ddrr €spard ta thheelsipesit por théldosibeoseconthperpofiPion

agg the third port #13 of the first_ coupler égl, and

QST orresforidP L6 Tt el £ PREN G5 Redie St RerSecond” pBPEed

#22r ARG 1de dhichd Pehhsthe3 tahd /N secendq Gt 8a 122 and

That is, the |loaded ring directional coupler 200 has

ithe prepadtpestof2d dipmased onhehRFEs e ®hiechnhashicle
[ t fi_nst port #1, fromthe second

%%?E ﬁggH%%fgui?Png%gﬁg)RF wave, which has been

i nput t ed00G0tlhe second port #2, fromthe third port #3

and the first port #1 d qutputting the RF wave, . )
whi ch hggebae%ﬂf?ﬁbﬁtrtje%??‘évtl %h?rfdl%}foﬂowf PR KRNI
theskRrPREVefas 8858hput termifhe &8adedtldd4o the third
di recti onal coupler 200 has the periodi cstubs202

Peadeti2érof Hene isRrand exturvest 1cupinel 2200utARE tapginal
E3ntilRiced Bo! PRCCPALL SLEE £ GAMAILE WAl
conventional ring directional coupler having
peri odi ¢086uls | oaded t hereon.

With the semiactive circuit 120 of the foregoing

cgupler 121.
no

configuration, the modulated wave MW and the carrier wave
CW received by the transmitting/receiving antenna 101 are
transferred along the following path: the first port #11
of the first coupler 121 — the second port #12 of the first
coupler 121 — the first port #21 of the second coupler
122 — the second port #22 of the second coupler 122. That
is, the modulated wave MW and the carrier wave CW received
by the transmitting/receiving antenna 101 are passed
through the semiactive circuit 120, and transferred or
transmitted to the in-vehicle unit circuit 110 (110a).
On this occasion, the couplers 121 and 122 undergo little
transmission loss.

[0052]

The in-vehicle unit output RF wave UW outputted
from the in-vehicle unit circuit 110 (110a) is transferred

or transmitted toward the transmitting/receiving antenna

18



Moreover, the |oaded ring directional coupler 200 is
conposed by formng the distributed el enent such as
the copper-foil mcrostrip line on the substrate, and
is tolerant of heat. Incidentally, a
gener al - pur pose coupl er conposed of magnetized ferrite

the pr.obl hat its ne Lc properties .t to
et PR S b9  hat Zopbagof e BeBBR B Wbl the
rééﬁbﬁﬁr§§&b9@§ll@QUPLeEthQhQEda§8F¥|#232@f the second
configured I n the above-descri bed manner is adopted as

tdribep|ler? 121tbe amzszl@flehel%ém%fcfch\eﬁetbwdup@rlzﬁ)l3 of

t sem.acti 0,
acco%g‘gnégi y,&?%g&do{vlggl zi r%’ o J’%"ne |pr?lyvte iC Ofur%—‘l © f(} st
(ckoga)ecahZbe achi eved. Furt her nore, the

noat SO AL T RECFACIBRY OF Bt 00 T K00k} * inPEEnE RE

td&ﬁé“ﬂW)b&%é@ﬁge@aﬁr%@.@H@ﬂﬂﬁﬁheﬁﬂ@ﬁg]unlt c1rchﬂt 110
addi ti on, general -purpose circulators produced froma

n@glﬁ&)u 6% $BPLiEé efaidr itdte P befi88d 14 -t hehus, the
% | f fed 21 -JRic1e uxalt J\Eﬁ?g{:rfﬁ‘”ﬁ% éﬁﬁ%falil'crr%tased

ort, a second port, port
@ﬁbmaV&Eﬁpwérouspm&anﬁyuﬂmedwfmemethah|ch has been

utte to tye first. port, fron1£€g second port,
Ty PPl RECHVEY il T as Been inputted to the

second Q®053ﬁron1the third port, and outputting the
RF wave, which has been inputted to the third port,
from t h&eRitvse FRRECATRLRY dirke & R AtUEP L3R W sesmed

ienshead it 18, COUR RIS 2L uchZls Al PRdLFRRL Mne, which

can be used as the coupler 121 or 122, will be described
with reference to Fig. 4.

[0054]

The loaded ring directional coupler 200 shown in
Fig. 4.is used as the coupler 121 or 122 shown in Fig.
3.

[0055]

The loaded ring directional coupler 200 is
constituted by forming a copper-foil and a substrate which
works as the distributed element such as the microstrip
line at high frequency.

As a further explanation, the loaded ring
directional coupler 200 is composed of a ring directional
coupler 20l inthe formof arectangular frame, manyperiodic
stubs 202 loadedoneachsideoftheringdirectional coupler
201, four port terminals 203a, 203b, 203c and 203d formed
at the four corners of the ring directional coupler 201,

and a terminator 204 for terminating the port terminal
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[ 0061] Next, a passive in-vehicle unit 100b
accordi ng to Enbodi nrent 4 of the present invention
will be described by reference to Fig. 5. The
in-vehicle unit 100b has a receiving antenna 102, a
transm tting antenna 103, an in-vehicle unit circuit
é%g? and a sem active circuit 130. The
?guration and functions of the in-vehicle unit
circuit d®sepre the sane as those of Enbodinent 2

shown in Fig. 2. Thus, explanations for the
conf i guratl & thedr hegidbnseof ionalispwehe (20 lyhps the many

onf | guIsH & Ca- Bog <bhse .
e g s 216 et B R S S R e o

o Camd eridmed QW4T ansmdded 4o a3, aprerialell that the
connected to a roadside unit. The transmtting antenna

FoT e renehi 1 QT e BE et ¥R eMlini Wort Pt RE tave TWS. the

Wiirth diase beesnaut pulutad f romm t Bgni PeVebivglsa A8 t
circuit 110a and anplified by the sem active circuit

130, tovdrd aHEs anf ek Soupp@es|t terminaipe203a, 203b,

; . . . : |
S Ak T o5 129 AOTPUGERL OB oy .
there cd®(de/ Jused a | oaded ring directional coupler

(52 71 G FALTBS L PR ot Ll o L TEat. 24 22,8
port #3 of the loaded ring directional coupler 200
correspond to the first port #11, the second port #12 and
the third port #13 of the first coupler 121, and also
correspond to the first port #21, the second port #22 and
the third port #23 of the second coupler 122.

That is, the loaded ring directional coupler 200
has the properties of outputting the RF wave, which has
been inputted.to the first port #1, from the second port
#2, outputting the RF wave, which has been inputted to
the second port #2, from the third port #3 and the first
port #1, and outputting the RFwave, which has been inputted
to the third port #3, from the first port #1.

[0058]

The loaded ring directional coupler 200 has the
periodic stubs 202 loaded on the ring directional coupler
201, and thus is small in the entire size as compared with
aconventional ringdirectional coupler having no periodic
stubs loaded thereon.

Moreover, the loaded ring directiona; coupler 200
is composed by forming the distributed element such as

the copper-foil microstrip line on the substrate, and is
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The coupler 131 has a first port #31, a second port
#32, and a third port #33. The coupler 131 has the
properties of outputting the RF wave, which has been
inputted to the first port #31, fromthe second port
#32 out putting the RF wave, which has been inputted
he second gort #32, fromthe third port #33 and
ﬂﬁ% Fraet Bg Peg%t  andout putti ngt heRFwave, whi chhas

been 'nprﬁéﬁcﬂjeﬁ@ai!ﬂ? tQ'@Qn@QéE -$33p dfc0motlpa fd ESmposed
port #31 n present enbodi nent, however,

tCh% I@a@p@twe@ff%magtet hﬁg ﬁh@ REORASE tRRitCH tfaglasdst ic
&éé?@h%g gs'rb[ §#§§ra£g8 é/h%efaj St port
S not uti |ze T

coupler 131 is
I nter posg M a transn133|on line L, and has the first

port #3 I sposed qn the side of the receiy

o5 and The Hechnafort 1989 e antt Ratbigs  aPu e 2

|§héT$'§i§eUBbﬁf§ghQ@& iklGhe [A8OBE-describedlB@nner is
lifier 132 having the function of anplifying the RF

Hed aéntlilﬁmuﬁje@?nlﬁé OE o efeh ¢ ¢ HE G thi Yo Ggrquit
%%ﬂ)OftﬁQedeH e tréﬁ%ﬁ?ﬁ@ngnsgﬂiggklbgr@l ult 120,

connected fo smtting antenna 103 0067]
\Nddbt@ﬁngby1athevdowm&uzﬂn@£mfcﬁhehenfmebgodngunlt 100

%§3g&%héatlon ated wave MW and the carrier
?%%e?%eacgﬁeﬁﬁ recei ving antenna 102 are
t r ansf erpngd rad angré hec higl 1@&\@@@ pahh: dihectiiosta Ipefcupler

#31 of the first cougler 131 -4 the second port #32, of
200 flisr sesdsGpnér tol QatThﬁP tRat tiee dguu At bl fatel k00

it d e MS éheis"v@}ﬁ%r&\é{ rou Egﬂgycéﬁ_ebre%eﬂdﬂdkged,

ant enna are passe sem active circuit
130, and&&&ﬁ%ferred or transn1tted to the in-vehicle

unit circuit S occaS|on t.he 3
under go §1F9?fléc??a%§ﬂF§§|oﬁqr OSéféﬁﬁﬂ l%%rSprdhﬁfed
Ifiroted che&ghidt 1 zedt Fetr Rt Navet &M aut puht @k fussn tdhe the
in-vehicle unit_circuit 110a is transferred or

%% et ondfd -t he transmtting antenna 103 via

the fol lgw ng rauf g: oLhgasec0Nd Par th#3¢2, of tBeond fort
coupler 131 -4 the third port #33 of the' coupler 1

amd e tdnipfd fpert, and has the properties of outputting
the RF wave, which has been inputted to the first port,
from the second port, outputting the RF wave, which has
been inputted to the second port, from the third port,
and outputting the RF wave, which has been inputted to
the thirdport, fromthe first port. Thus, thecirculators
can be used instead of the couplers 121, 122.
[Embodiment 4]

[0061]

Next, a passive in-vehicle unit 100b according to
Embodiment 4 of the present invention will be described
by reference to Fig. 5.

The in-vehicle unit 100b has a receiving antenna
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132. On this occasion, the in-vehicle unit
out put RF wave OWoutputted fromthe in-vehicle unit
circuit 110a is anplified by the anplifier 132. Thus,
the anplified in-vehicle unit output RE wave OW of
I ncreased RE' wave power is transmtted fromthe

t smttin antenna 1 odi ne
IRHTIERE Bt A A R b SR LB Cejaf:ult

Meyo He %hHhQUEehﬁ%dﬂ%¥81ﬁ£¥céﬂ@ 150070]

general-purpose circul ator produced froma nagnetlzed

ferrite The @dndican beonser iwsteaons athéheoypreehicle
]&ﬂit[%P98§££'fioépgkécéﬁé'éé%no%QOZﬁLse of Embggﬁment 2

present” 1 nvention can be use a passive
ishovehiicl Bignizt. fmhuuseexplahatEansgsreﬂuabunf¢gnration
algg be used, nchan

R TR b Srieh IpRel BPatcE e gy 1L be
[&&@&e& Read.

[0062]

The receiving antenna 102 receives a modulated wave
MW and a carrier wave CW transmitted from an antenna 3
connected to a roadside unit. The transmitting antenna
103 transmits an in-vehicle unit output RF wave UW, which
has been outputted from the in-vehicle unit circuit 110a
and amplified by the semiactive circuit 130, toward the
antenna 3.

[0063]

The semiactive circuit 130 is composed of a coupler
131 and an amplifier 132.

As the coupler 131, there can be used a loaded ring
directional coupler (see Fig. 4) formed from a distributed
element such as a microstrip line as mentioned earlier.

[0064]

The coupler 131 has a first port #31, a second port
#32, and a third port #33. The coupler 131 has the
properties of outputting the RF wave, which has been
inputted to the first port #31, from the second port #32,
outputting the RF wave, which has been inputted to the
second port #32, from the third port #33 and the first
port #31, andoutputtingtheRFwave, whichhasbeeninputted
to the third port #33, from the first port #31.

In the present embodiment, however, the property

of outputting the RF wave, which has been inputted to the
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2 Gantry 3 Antenna connected to roadside unit 4
Vehicle 5 In-vehicle unit 100, 100a, 100b In-vehicle
unit 101 Transmtting/receiving antenna 102 Recei vi ng
antenna 103 Transmitting antenna 110, 110a In-vehicle
unit circuit 111 Switching circuit 112 Detector 113

Anplifier
third port #33, from the first port #31 is not utilized.
[0065]

The coupler 131 is interposed in a transmission
line L, and has the first port #31 disposed on the side
of thereceivingantennal02andthe secondport #32disposed
on the side of the in-vehicle unit circuit 110a.

[0066]

The amplifier 132 having the function of amplifying
the RF wave has an input terminal connected to the third
port #33 of the coupler 131 and an output terminal connected
to the transmitting antenna 103.

[0067]

With the semiactive circuit 130 of the foregoing
configuration, the modulated wave MW and the carrier wave
CW received by the receiving antenna 102 are transferred
along the following path: the first port #31 of the first
coupler 131 — the second port #32 of the first coupler
131. That is, the modulated wave MW and the carrier wave
CW received by the receiving antenna 102 are passed through
the semiactive circuit 130, and transferred or transmitted
to the in-vehicle unit circuit 110a. On this occasion,
the coupler 131 undergoes little transmission loss.

[0068]

The in-vehicle unit output RF wave UW outputted
from the in-vehicle unit circuit 110a is transferred or
transmitted toward the transmitting antenna 103 via the
following route: the second port #32 of the coupler 131
— the third port #33 of the coupler 131 — the amplifier
132.

On this occasion, the in-vehicle unit output RF
wave UW outputted from the in-vehicle unit circuit 110a

is amplified by the amplifier 132. Thus, the amplified
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114 Reflection line 115 Control unit 116 Regul at or
120 Sem active circuit 121, 122 Coupler 123 Anplifier
130 Sem active circuit 131 Coupler 132 Anplifier 200
Loaded ring directional coupler 201 R ng directional
coupl er 202 Stub

in-vehicle unit output RF wave UW of increased RF wave
power is transmitted from the transmitting antenna 103.

[0069]

The embodiment shown in Fig. 5 is equipped with
a regulator 116, but may be without the regulator 116.

[0070]

A general-purpose circulator produced from a
magnetized ferrite material can be used instead of the
coupler 131.

[Industrial Applicability]

[0071]

The present invention can be used not only as a
passive in-vehicle unit for use in the ERP system, but
can also be used, unchanged, as a passive in-vehicle unit
for use in the ETC system.

[Reference Signs List]

[0072]

1 Road
2 Gantry
3 Antenna connected to roadside unit
4 Vehicle
5 In-vehicle unit
100, 100a, 100b In-vehicle unit
101 Transmitting/receiving antenna
102 Receiving antenna
103 Transmitting antenna
110, 110a In-vehicle unit circuit
111 Switching circuit
112 Detector
113 Amplifier
114 Reflection line
115 Control unit
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203a to 203d Port term nal 204 Term nator L
Transm ssion line [Ctation List] [Patent Literature]
[0073] Patent Docunent 1: JP-A-8-221623 [d ains]
[Claim1l] A passive in-vehicle unit, including
an antenna for receiving an RF wave transmtted from
an anten{11a6c engeucltaeéjojgo a roadside unit, and

120 Semiactive circuit

121, 122 Coupler

123 Amplifier

130 Semiactive circuit

131 Coupler

132 Amplifier

200 Loaded ring directional coupler

201 Ring directional coupler

202 Stub

203a to 203d Port terminal

204 Terminator

L Transmission line

[Citation List]

[Patent Literature]

[0073]

Patent Document 1: JP-A-8-221623
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an in-vehicle unit circuit for reflecting and

nodul ating the RE' wave received by the antenna to

create a return RE wave, and outputting the return RF

wave so as to be transmitted fromthe antenna, the

passi ve in-vehicle unit conprising a

sem active circuit for allowing the RE wave received

@é t he ?ntenna to pass unchanged, transferring the RE
V81881t he in-vehicle unit circuit, anplifying the

ret@kRE 1 wave outputted fromthe in-vehicle unit

circuit, and then transferring the anplified return

RE wavke PaSthecahtemediichrer&iit 1 henebwilapdi ve

circuit,l ﬁ?ﬁﬁ% f.i.r r d

coupler?ﬁggt avFﬁ&lgeffggﬁnggé??8ggé§€bﬁggggyg%g%§'grom

ahi adtpont, candcrpadigt preopeshdesdef uadtputarichg t he

RE' wave, which has been inputted to the first .port,

{rom & I sHEGRANDORE, COtipuh LA |t He RE CTAGE T 1 e

hegubgenngnpytt ¢ L vdhe second) B tohd raméhgat bbréreate

port and the first port, and outputting the RF wave,

i U FasRbeddve npuledutbut hénghthe peERIDf RENVERE SO as
ir i fier lifying the RE

%%v%% 99555m§%§ﬁ?¥§¥%& %%%p?é?é?ganterposed in a

t ransmtgse opa b & heec dmrectting ¢ heniant @emar aadnighe

in-vehicle unit .circuit, . first port of _the first .
Lount ors pemdnenide btk e of PR RE Vg Shgived
e apeln R tihgakisl shcpaupledr, teadissRresethPrmr KRdeave

of the in-vehicle unit circuit, . the second
oupterinsvehietposedti giteal it andw lsisi win¢ | Heenegkern RF
he. | fvehi . Lpcuit i ' .
A DR S bR LhE kb o EREPA2 BREL o PRcflic png then
trenseeoningoupteampd idiieposeduan RAewsivdetof thheantenna,
antenna,_ and, t he secondéf rt of the second.caupler is

di sposeé*ore the BFdE B Y-Sttt thPtUeRccui t

and a firdhecaaplitki ahdhas sekonPWodErIdh Nadach having
connected to the third port of the second coupler, and

has' B RRPht 2ePAFRAN Porftedned a dhikd (1R ¥Er pard beving
ﬁf@péfff‘és%@@ﬁ@ﬁutk%@ {'PlghF wave, which has been inputted

to the first port, from the second port, outputting the RF
wave, which has been inputted to the second port, from the
third port and the first port, and outputting the RF wave,
which has been inputted to the third port, from the first
port, and |

an amplifier for amplifying the RF wave,

the first coupler is interposed in a transmission
line connecting the antenna and the in-vehicle unit circuit,
the first port of the first coupler is disposed on a side
of the antenna, and the second port of the first coupler
is disposed on a side of the in-vehicle unit circuit,

the second coupler is interposed in the transmission

line nearer the in-vehicle unit circuit than a position of
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The passive in-vehicle unit according to claiml1,
wherein the in-vehicle unit circuit conprises

a control nodule for outputting awake-up signal upon
inputting of the RE wave received by the antenna, and
a regulator for supplying electric power to the

sem active circuit when the wake-up signal is

QeI Ltk 1 O3 MR first cou Jﬁ’aaﬁié/@flﬂ‘sﬁ/%mfiﬂ Q)f the
unit ‘according to claim1l or wher ein

Fiqand segrdecond dé@ﬁ’loéreéj anetBacti derpbsar @fnta%nnar and
ﬂh%a% g:lc{ridq cgf{ Fc?f'@krﬂ s&ggmief:ouﬁler is E:ltlﬂglpo%%qje%n the

ring rec I onal coupl er conprising a couple
Hgigtemaff tahe echanghlial ef vade and dwrtedadidom a

di stri ted e ,.many periqdjc_stubs | oaded
cach St SFOLhGLEGuRT BraRaPiachE PRI Had FraREgTEn to the
tdistd pbytest elhemeBtontiotibupoEt:, teidhRadl snfarime: aterminal
four corners of the coupler and each forned froma
e q iR e etletrehbirdn@os tt @fmithid of 1 ¥oF €eVRiLRAti ng
one of the port termnals. [Claim4] The passive
i n-vehicle unit according to claim1 or 2, 2700

[Claim 2]

The passive in-vehicle unit according to claim 1,
wherein

the in-vehicle unit circuit comprises

a control module for outputting a wake-up signal upon
inputting of the RF wave received by the antenna, and

a regulator for supplying electric power to the

semiactive circuit when the wake-up signal is outputted.

[Claim 3]

The passive in-vehicle unit according to claim 1 or
2, wherein

the first and second couplers are each composed of
a loaded ring directional coupler,

the loaded ring directional coupler comprising a
coupler in a form of a rectangular frame and formed from
a distributed element, many periodic stubs loaded on each
sideof the coupler andeach formed fromadistributedelement,
four port terminals formed at four corners of the coupler
and each formed from a distributed element, and a terminator

for terminating one of the port terminals.

[Claim 4]

The passive in-vehicle unit according to claim 1 or 2,
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wherein circulators, each having a first port,

a second port and a third port, and having properties

of outputting the RF wave, which has been inputted to
the first port, fromthe second port, outputting the

RE' wave, which has been inputted to the second port,
fromthe third port, and outputting the RE wave,

whi ch has been inputted to the third port, fromthe
whigrstiport, are used as the couplers. [Caim5] A

passl V%i'rnc'uveam&lfg Wl &y HGQARY, glflqnﬁit port a%econd port
recei ving antenna for teceiving an Wwave

andans rhtitred porram amdahbering eoupectteiced @ fa oudadsi deng the
uni t; ) an in-vehi¢cle unit circuit for £
Rfefioe@i i Hily MdRUPEET ngRPHE CRE K & fpe Sy BRF tmerom
L&l d¥ a;%‘&?ﬂﬂaohepﬁrt%qtrfg a HERF Ny ifre, WaME@chalGs been
out putting the return RF wave; a sem active
igipuduiad for BheoRergNEh® R maleor eeleg veldi by prR&t, and

recej.\vi.ng antengna t S .t In :
R % ENTRE e (o PR AR BRI i e P i
ddie refnrom Rfe Wave topoput,t edrd rosed hesi nheehbalpd eurs ¢
circuit, and then outputting the anplified return RE
wave; and atransmtting antenna for

trapsPittisng the anplified return RE wave outputted
fromthe semactive circuit, and wherein the

sem ac® vesgiicai intnehidés unit, conRuPpiRe: having a

first port, a secon r{_a a (rd . port, a i.ng
proper iégqﬁlxﬁﬁgu???%aaghe ﬁF%é%égbégﬁdﬁnhgg %&%
trapuntiad ¢@ fhenfdrn sintpaita dsonethedsecondqeoidide unit;
outputting the RE _wave, which has been ifﬁut%ed to d
the se@ondporeNLFtontRhE CAHYR Porkanft heCFirgt an

R L a 13Ngy O PUR T PGvEhBe BEL vV &y WhicCh ks Wieeh antenna
tlonrc):l::tetaetde ao J_Eeht%rn RF wave, and outputting the return RF
wave;

asemiactivecircuit forallowing the RFwave received
by the receiving antenna to pass unchanged, transferring
the RF wave to the in-vehicle unit circuit, amplifying the
return RF wave outputted from the in-vehicle unit circuit,
and then outputting the amplified return RF wave; and

a transmitting antenna for transmitting the
amplified return RF wave outputted from the semiactive
circuit, and

wherein the semiactive circuit includes

a coupler having a first port, a second port and a
third port, and having properties of outputting the RF wave,
which has been inputted to the first port, from the second
port, outputting the RF wave, which has been inputted to
the second port, from the third port and the first port,
and outputting the RF wave, which has been inputted to the
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third port, fromthe first port, and an anplifier for
anplifying the RF wave, the coupler is
interposed in a transm ssion |ine connecting the

recei ving antenna and the in-vehicle unit circuit, the
first port of the coupler is disposed on aside of the
recei ving antenna, and the second port of the coupler

i s disposed on a side of the in-vehicle unit circuit,

tdHerd port, t heommphiet ifdf StaP At i e ter i nal

connected fg,{he; Lhi %Qrpgﬁlmffp{fﬁ% qoup! ©F ,,8pd, has an
out put termnal connecte O the transmitti ng ant enna.

[ d ai mthle coupleTFhéspassevpoisedvelr o ec tamsnassdedi aAgne

to claimb5, wherein.,the in-vehicle unit cirrcuit, . .
R £ LG i B P kB lare SFO TR pULTITy Ge unit
dakariup, $henak repopokBitt thedcofiptbe RE s déegeinvedide

(g¥ the antenna, and a regul ator for zgpglying
EBEriecpbitngtantpenaemgttheeserpediRoNh he coupler

1%@.’3&%%&%}]& S 1 R tt%% %lgv%}mcyﬂc? yni ciTLhieuit, and
passive 1 n-vehicle unit according to claimb5 or 6,

wher ei the amplitffies:cbapl &n irgpwotpesethaf canneaded to the
gﬂf%écggﬁ%tégn%hecg%qﬁTgr, and has an output terminal

connected to the transmitting antenna.

[Claim 6]
The passive in-vehicle unit according to claim 5,
wherein
the in-vehicle unit circuit comprises
a control module for outputting a wake-up signal upon
inputting of the RF wave received by the antenna, and
a regulator for supplying electric power to the

semiactive circuit when the wake-up signal is outputted.

[Claim 7]

The passive in-vehicle unit according to claim 5 or
6, wherein

the coupler is composed of a loaded ring directional
coupler,

the loaded ring directional coupler comprising a
coupler in a form of a rectangular frame and formed from
a distributed element, many periodic stubs loaded on each
sideofthecouplerandeachformedfromadistributedelement,
four port terminals formed at four corners of the coupler
and each formed from a distributed element, and a terminator

for terminating one of the port terminals.
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the | oaded ring directional coupler conprising a
coupler in a formof a rectangular frane and forned
froma distributed el enent, nmany periodic stubs | oaded
on each side of the coupler and each fornmed froma

di stributed elenment, four port termnals formed at
four corners of the coupler and each forned froma

di stri but el enent, and a term nator for termnating
oneCdPh& lport terminals. [daim 8] The
passi verdpeelt G} & Ul §eREEPEAHAY LT QcEbiin? tWhel’lih 5,
a circulator, having a first port, a second port and a
wheinreliport, and having properties of outputting the RF

wave, ' en, i tted-t he f.jrst

the sotrblclaa R nadi S L0 Hoal " 8! oRAbhe L0PRand
dedn i parited d4rod thev segopdopettiekr o bhe putitrichgatlie RE
and outputting the RE wave, which has been iqgugésd

WY §/h &G d5oreen g HLE i bt iforti T8 s R¥de dsf Phdne
RUEPort, outputting the RF wave, which has been inputted
to the second port, from the third port, and outputting the
RF wave, which has been inputted to the third port, from

the first port, is used as the coupler.



