PASSI VE | N-VEHI CLE UNIT [Technical Field] [0001]

This invention relates to a passive in-vehicle unit
designed to increase the power of an RF wave radi at ed
from the in-vehicle unit wthout increasing the

radi ated power from a roadside unit. [Background Art]
[ 0002] Anobng nQn-st tal l t] systens are an
el ectronic to||%§SEE§§££§hi@égééﬁ§y§§gﬁland an

el ectronic road pricing (ERP) system Wth such
non-stop toll collection systenms, a wreless
corifgsingstGedn Fisekdhduct ed bet ween a roadside unit

i nstall the ground side and an in-vehicle unit
installed in a vehicle, whereby toll charging or

pri ci ndfhis ipeehodwedye sat ehdto & ipesaghiclip-vahicde unit

S8 oq B aR=sB FoB HafSLhor 3 Khve vt RTaRed £rom

05€ i1 Inl-atedri F 1 uRE tWwavEh o @b d ric assi v tihe- vehiated pihidr
wi t hout an oscillator for RF wave. The passive
ey ek EPRIBAAE FBffects and nodul ates an RF wave
trapsit e dd R pe roadside unit (downlink RF

wave), and transmts (returns) the thus reflected and
modul atEP®RH wave to the roadside unit as an uplink RF
nave. [Oooonf1r né%?—s?%(gl .aggﬁiogovlmllelctrl%\@{ % SQJ%n?g eadr% oln
the ERP System "adopti ng a passive 1 n-vehicle uni
allhectERh Sy sicdim tslaesydivem E0C) chagtgemanal &nldledtronic

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 oscillator 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



(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 (e.g., the center of the
capital _city),,. thereby relieving traffic congestion
b7 0T 62 L EHTT At BT b 6 e8I TA PamaTg Yo PYedetermined

teapspetrtat LeRei pEbastxaepuedl tHevetppaendt {RO0pital

Wth the ERP system as shown in Fig, 6, a gantry 2
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the vehicle 4 runs bel the gantry 2, _.communicatian
Gotanehithe & Bans Famli T et Yef cog PiRFREAN, 20+
€ashigdrodtiby am b swavgturd hedepasbpiieat owave band

(for exan&l e, 2360 MHz), and the charging is
aut omat @09} performed, with the vehicle 4 in a

non- st qp; + st rid ten NG Stdlminoh nc@rguUNicat i ot ry
bet ween the ant enna and the i n-vehi ci e uni 5 wll
bevidesltrided ghittdr shefpedmerucioure gis Ziwkiahled astihde

chart modul at ed wave and a car r e

ki oy mr, S SR U o R kB San anconna
MV orrecteanssl thed dos@mitde witenna 3 as a wave
corresponding . to gne sl ot of comrunication.

The .
modul atfed SV My 16oREEIRBEda¥ I FAf BT bRS Ktickehicle

4 ergation as one showing an entrance to the ERP
system The in-vehicle unit 5 receives the nodul ated
wave Miemdtienseialesdi runs detlavitiee trtine?,

ggﬁﬁ&%%cét?%% 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



2 arrived at the entrance to the ERP system Then, the
in-vehicle unit 5 reflects and nodul ates the carrier
wave CW succeedi ng the nodul ated wave MV to transmit
it as an in-vehicle unit output RF wave UW The
in-vehicle unit output RF wave UWcontains, as
information, ID information of the in-vehicle unit 5
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HL e RUERPEtun RE snaxe 1 M0 falnfdd it £ &s ey ggdrt gl wave
and performpricing via a subsequent conmunicati on.

CWuHreseding nvedtiah} lataeorave AW proobremsmiftoag7ps an

The - deseri sskve_in-yehi it -

NG ER  K  H eL ieis R

dltpst RipheeiUW apparndhnes @oihifgpumett iom afd isformation

%FeX£ensive.h.Tﬁis passive 'n-vehiclg unit 5, however,
eth?i LArVGPEEf e e & e i i BFAHAY®: CW  whi ch has

been tridsHtdat ¥ eackhig antaBNan 3veds cidCinafthbutput
returns it to the antenna 3 as the in-vehicle unit

Riutigite RE hawe 1 ayda trhaschaheefdvierl enc ReTfArTght £FE19
VU o oUt pUL S RE yave Wi 5, gl For this reason, if
an RE Wave from other radio system (for exanple, w de
ar dsunmeatyesst LANyenwhooh has a frequency close to

the freguency. of . the ve used in the ERP system
enters ﬁﬁﬁgyﬁhﬁﬁ%igﬁ?ggﬁﬁgone of the ERP system

I nterferenge) bet ween the RF waves may occur, naking
reliable pricing inpossible. [0008] An increase of

the raditt ebPPrmteI¢ohehdamtermd 3l @igadtiddothas
@&%é%fff?wﬂ@mghftyngﬁdoyg PUlu SR PV et aMbus in that
accordingly, and successfully prevent a trouble due

it issimple in apparatus configuration andis inexpensive.

This passive in-vehicle unit 5, however,
electrically reflects the carrier wave CW, which has been
transmitted from the antenna 3, as such and returns it
to the antenna 3 as the in-vehicle unit output RF wave
UW. 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



to el ectromagnetic interference. Actually, however,
the 3 power of the RF wave radiated fromthe antenna 3
cannot be increased. [0009] The reasons are as
follows: There may be a case where a violation vehicle
passes which cannot be subjected to appropriate
pricing, for _exanple, because_of the insertion_of a

HPBRE Carthe D "itR T3 4ahPdl Eromi theggnhgnna 3 cannot

basuffigheny balance in the card. Hence, it is very
I mportant for the systemto identify the violation
vehicl el#¢®%1 t he vi ewpoint of fair charge. In order

to real] p i dentd fi jon of the vehicles,
it is &Qﬁ%a%%??gﬁg %%?c%gtkgl&gﬁg%tion result with
t he cornmhur € alaiyove esals & whEre detiecltd toipn rehudlctl ecamns bes

obtai ned fromthe sensors.installed d the f
Wi of APRE e BRNSPORIISH ZoheA PRRtPEhoWR PRIFRBY, FOT

i gup ee, TherahiaeeorheRr tihe pawein ofs theyRmyaygrd into
radiated fromthe antenna of the roadside unit is

iherbasedhiche updimumircaty dmsidifel Gienth xkarge ofn the
cti in Thi a ' f
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béent pfiy the widdsyiriead vede .clsofiromishe diifefipuilntt bd fair

change t det ecti on point by ving the . installed .

Gunedrs. TS St he RoRBF 47 e SRE VS IS hboation

antEeidasch Land9) Pe i Haieasetor] 004 Ghatdhetips esetéction

i nvention has been acconplished in the 1light of the
2povEt nehthohBe €srmueyl qadcifinl 6RF ekt - | tThe sdahegbi @Rt

AL LDE AR R PENIBNR BBASHYE 1hBrYENLAl Lround
unit which can increase the power of the in-vehicle
time tf outgulge RE Waee copuanis@ttitced ziongm nleg shown in the
figure.

Therefore, when the power of the RF wave radiated
from the antenna of the roadside unit is increased, the
communication zone is in excess of detection 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.



in-vehicle unit to the antenna connected to the
roadside unit w thout nodifying the roadside unit and
its antenna. 4 [Solution to Problem [0011] A first
aspect of the present invention for solving the above
problems is a passive in-vehicle unit, including an
antenna faor rece|V|n9 an_ RF wave transmtted from an
ant enna SVt ? oF 5OPLEWSi de unit, and an
in-vehigjgunit circuit for reflecting and nodulating
the RF wave received by the antenna to create a .
ret ur n RELREV e spaet @iy t POt HRP ¢ He 1naemtd oRFf i e kblng

e tg ke gtégfgngtl%dafpraog@ ihe jantenna, J Hﬁleastsagﬁldmg

in-vehicl'e unit conpri'sing a Semactive circl
allownaytdntéﬂhawmmm receuvedgbyntﬁe aviatveen rr etres npiatstse d

nchan transferrin the RF wav the n-ve icle
e er i eh R sehneied to. T aliidete wivit oud it £ ed
fromthg inrwediLéEe Uhit 6hikeuiit, fand r.tetfe_trectlng and

transferring the anplified return RF wave to the
nafehhalng JOIRRE Kevsr deR§ Ve aPyeEBAFRREPBRE P G¥fAte

PrESENEL fkﬁvmféon ahsutg }f%li'n e HNide AP WHE e so

conprise a contro nodul utputting a wake-up
aﬁgﬂmﬂb@pbnansmpUtedngrom.tm@ R%tﬂnnaxeceived by the
ant enn regul at o sup el ectric power

to thque Qﬂﬁﬁﬁye %?r%ﬁ%tc Hnﬁ%e gﬁﬁ%%ggnal i's

out put teend BMB] ve ALHEAi BYFfbe altkiwithasectROfwd e
present invention, the semactive circuit may include
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aving properties of outputting the
the return RF wave outputted from the in-vehicle unit
circuit, and then transferring the amplified return RF
wave to the antenna.

[0012]

According to a second aspect of the present
invention, the in-vehicle unit circuit may comprise 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.

[0013]

According to a third aspect of the present invention,
the semiactive circuit may 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



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, fromthe third
port and the 5 first port, and outputting the RF
wave, which has been inputted to the third port, from

the first port, and an  anplifier for anplif

RE SRVROTE he@ Py SHTRBLEEES thsy Rfe Yatter ﬂﬂ'sje‘ﬁ‘ qﬂa%%een
14,908 eSt ONchd Nen £PANSSEE NUE£HR ROt £DPSt aPErt N€and an
in-vehicle unit circuit, the first port of the first
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antenna, and the second port of the second coupl er
oy Delips phsetnonehhe st 6#r€Hétlrrﬁ%ﬁ?€Pé‘dLﬁfP‘fPler

Iﬁ%ﬁz%t eggpggsdagnl gfh' el rxahselo@nlmeu;legsem Rak

nected o t port e second coupler
zmmw@mychauaxamcxunqnutt@wwnaamosohnentqiiHntaﬂnpsition

third port th oupl er 00 4 Accordi ng._t
‘ﬁpﬁ%ﬁ? ﬁrggﬁg%%pﬁkr éggﬁtpofgvé%tlonse?ﬂng éh Per
r@é’bﬂb‘éeﬁﬂﬁﬁo@@dpd)ﬁﬁﬁqé?&)id%ach tite eygINsed a0id ahbcw@@dnd
ring directional coupler, the Ioaded r|ng di recti ona

ROt *F ERPPFESPAY 8OEBGEFePaVnPE Crmosth on the side

f%‘h@nﬁ"r‘l@«%hicﬁ@%f@@lrﬁl@daﬁdr% aehptird it gdy have
el enent or exanple, a coupler, a ring directiona

aoupbert, t@rmlaalaa;dmcrﬁe@ t@it@@ttihdrm pevtuplehe smegnd

DELLDFL L3y L90EH R SREV 08,0 LR, SONRLEE oo
tref rd ned st f OF NeHeaff ifretr couplrar.s of the coupler and
each formed froma distributed

[0014]

According to a fourth aspect of the present
invention, the first and second couplers 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,



element, and a term nator for termnating one of the
port -termnals. [0015] According to a fifth aspect
of the present invention, 6 circulators, each having
a first port, a second port and a third port, and
havi ng properties of outputting the RF wave, which
has been inputted to the first port, fromthe K second

P Tul i 153y ey 79 v%a\lié,r%ﬁpeﬁthaé FRER R iUt t edrd

d erlihes pecendaparbavingmibgethicd Pordut@ibting the RF
out puttin the RF wave, which has been inputted to
waee ¢ hibd¢hpbes, beenomp et ¢drsd ther £1rghyPpetuskiomshe
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inventton f e above problens iIs
Han-trehiselndigort ¢ dmumi ihey:t ha e peint ,n g rah toeripar tftoimg

ety S0 e uE G o G {h e 10r Port:

fSideUife fOI rs€f beeti NgagndemddatdingHhecdip vave.
received by the receiving antenna to create a return
RF waved,00dfd outputting the return RF wave; a

sem act, yfxfhra%ggéc{ o @hd QWG dthenREnvave £&86RiMeathg

by the receiving antenna t0 pass unchanged, .
threarsfeve i pgolb hemRFigave pes stitve iim~wesiictlee upiit,
circuit, anmplifying the return RFwave outputted from
qqﬂ?f%ﬁ%%%1cle unit circuit, and then outputting the
anpl i fizeddRtitrihg Rintvewvea Aod actedndmigt imMREMEma
for transmtting the anplified return RF mg%g, .
CRAPIR RS FoiT AR 3RTPRLE I SRNPLIY RIS 2aPumker 8it 1t/
the sengacti Mgifidcdlidni ACLUEESit for reflecting and
modulating the RF wave received by the receiving antenna
to create a return RF wave, and outputting the return RF
wave;

a semiactive circuit for allowing the RF wave
received by the receiving antenna to pass unchanged,
transferring the RF wave to the in-vehicle unit circuit,
amplifying the returnRFwave 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,



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, fromthe third port
and the first port, 7 and outputting the RE wave,

PR cPU RISt bERA FhﬁuBFeHaffs PRE CEhitAs bERD FHBH e to

fhd SthPPatpofRd @R cAMRh! ifgh o] idyd ng the RF
wave, the coupler is interposed in a transm ssion |ine

connectarngimnﬂelfle%m YpngampléAnanandheh&E nafsi cl e

uni t ged{cwup tde sfdr %ttth AUds & 108 GQURI &L dSi o op line

di spos on AP side of the recel vi ng antenna, an
Setoadt pog tof rtelamlmxgolaeutelrmadasplo*shel nn—mhlﬂelefunlt

the in icle unit circupt and t fier s _an
G er e COhrRT e EPE U T h o HOFFE o 2
Souplgr th@n9e5é§vﬂﬁg0§ﬁﬂéﬁnh‘?ré‘ﬂlcﬂlaﬂhe serreet pdritooththe
transmtting antenna. 0017%f; According to a _seventh

cpeker 66 AP qirakend sidre h@nlnﬂfﬁlthfel%}lsatlﬁ Gispratt
the invention, the in-vehicle unit circuit my

conprise a control nodul e for outputting a wake-up

si gnal tporanmpuite ndad arhe MRatwaesrmireckeicmthdytedeo

ntenna, ., and . a regul ator for s electrlc
TS mPaer b S Bidint SR AR GREST greatiiEiL
et ted. «50PA8] t rAseanditigd @rﬁaermaghth aspect of

t he present invention, in the sixth aspect of the

i nventild®lthe coupler my be conposed of a | oaded

ring dig&ctiof {}?t% £oup! §éve£bﬁ agge@%d Jfi Q@ued'ﬁﬁééér%a'

coupl er conpr ng a coupler in form of
imectratngem ar 1hir e amdthoammmﬁ & sIIW@mte@n, the

in-vehicle unit circuit may comprise 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.

[0018]

According to an eighth aspect of the present
invention, inthe sixthaspect of theinvention, the coupler
may be composed of a loaded ring directional coupler, the
loaded ring directional coupler comprising a coupler in
a formof 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 element, and a terminator
for terminating one of the port terminals.

[0019]



el enment, many periodi c stubs | oaded on each side of
the coupler and each fornmed froma distributed

el enent, four port termnals fornmed at four corners
of the coupler and each fornmed froma distributed
element, and a termnator for term nating one of the
port termnals. [0019] 8 According to a ninth, aspect

of thePpFeEahngitRRRLNGR 2SPRCERE KPR CISHSATBFREhRD/

b pvend isQchaagﬂJééch?E Phe NAVERYioAR, fd E8tcBOktord having
second port and a third port, and having properties
aLfbus‘merhg a e Rt Wik hhd rfepArti npudtle@dving
the first part, fr t.he p 0 t
RESRaY 6L Sah i R RO T T e netbEbh L hA pEtE
{L]ﬁptrttbel tdht hd fpest, pand, Gubputid agebdhe pRE twavet pwht thg
as been inputted to the third port, fr the first
BB RF gt pa iy RS BRSO dBRIEE S A SR ageouRe Por
EtbRCE ROt nkiR¥eRLIren] anlOQRUpWtihd hendresemve, which

i nvention, the sem active circuit, ~which allows the
Hoarbe ek RPN tec Eheeth bydtper antfaiiia thicofpass aert,

h, _t fers. it t in-vehicle unit circuit,
%%%IP?igg%?hgsu&q%ﬂéﬁgggiﬁé outputted fromthe
i n-vehi tAévanhateouscBiftfecdrsd athemuqransfels it to the
ant enna égghprovided bet ween the antenna and the

i n-vehi Ef it circuit. Thus, the power of the

upl i nk Rt Mave ped semednvehemdrechasealiaedta wendirtoit,
the antenna can be increased, W thout changes in the
v Rhryl Eomdli th o AoV ite RF 0d@ise dee cainy @9 dydthesantenna

FOREYI, Bt Ledoc Dk une chegares: Lise
sypil efieanthe ebildblkeR PmiasiengutantbedperdrotiredinfooRifle
LIYRE O\éggr’cutitg? la%%d%%erni r’]cg.caqlisrfeecgsi Oir%altcg:ot%é ezgntenna, 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.



conposed of a distributed elenent (for exanple, a
mcrostrip line) , small in size, and tol erant of heat
is wused as the coupler for use in the sem active
circuit. Thus, the sem active circuit, accordingly,
the in-vehicle wunit, can be downsized, and a

thermally strong in-vehicle wunit_can be achieved. 9

[ BriBg e NG HIIRNL OF DF aWFAYST9SF0022] Fig. 1 is a

bl ock cppfsgurational drawi ng showing a passive

i n-vehicle unit according to Enbodinent 1 of the
presentFiqwdniison. bFgk conkigupbbknadrdajitay i SHafing
dr awi how . assi.ye_i.n- [ ' i

§ P B Su gt P BB RRET s el R Mo REEREEE D o
thockresanht giinatnadahn .drawi ng showi ng a sem active
circuit_used i.n Enbodiments_1 and 2 of .the resent .

i nvent iorf - (él §S 4 RLogk ﬁ%qu%“i‘)ﬁ?@ﬁ}a%ao%%lg oﬁ'ekhwlrfbg
Shovk 89ve ai hoadrdcdir aatitonalccgRURILt ISR @ASigent 2 of
coupler of the semactive circuit. Fig. 5 is a block
Yonfpgesantohdiedta®ng showi ng a passive in-vehicle

uni t apﬁcfég?glstg k?i@@@é%%icf\nogti&qglpcﬁfﬁ Mg showing
I nvention. Fig. I's a schematic view show ng an ERP
systretact Frg. c¥resianuesdl anatnooad imantagl shodi Agoh the
cqgnun%cation ng%hod in the ERP system [Description
R ED dfﬂ%ﬁ?gf [0023] The best node for putting the
presentridqivenid arcitdiioc @bﬁ@i@@&awﬂdnﬂombeidqssﬂd\bﬁdg
in detail based on _enbodinents of the invention.

a loaded directional coupler used as a coupler of the
semiactive circuit.

Fig. 5 is a block configurational drawing showing
a passive in-vehicle unit according to Embodiment 4 of
the present invention.

Fig. 6 is a schematic view showing an ERP system.

Fig. 7 is an explanation drawing showing 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

10



[ Enbodi nent 1] [0024] Fig. 1 shows a passive
in-vehicle unit 100 according to Enbodi nent 1 of the
present invention. The in-vehicle wunit 100 has a
transmtting/receiving antenna 101, an in-vehicle
unit circuit 110, and a sem active circuit 120. The
transmtting/receiving antenna 101, the . 10 jn-vehicle

UMTYCREFERI ER1T0C1BRRT Ehel Semd et TR SAMAR T VA 20 are
f%@C££8n@QQEEFﬁﬁbﬁﬁé%yﬁﬁﬁﬁﬁﬁéédﬂgﬁﬁ@ﬁ BYgdther by a

transmssion line’L. [ In the in-vehicle unit
dnsmnhesivnaasdnet tli-ng/ recei vi ng antenna 101 and the
i n-vehi débéwﬂt circuit 110 are conponents
(constituent circuits) provided in a conventiona

I n-vehioh ethdi in-Fakitchevehicl &0Wni tthelOO of

ST TB0L o3 8 Shar el o 2o 1B, el 16 SOAT s c

&1 ARSI hiongld 868b¥hRE taNtest 10le @ at he uii sy aht ¥ Bded
unit circuit 110. [0026] The transmitting/receiving,
Bintermen oIt Ferel ves-vah rbdal W el - wallke MRarRh hcle unit

£&6 roifeémg\?agm%“tlr fg%gjaltrtﬁecdcéfﬂgd §g @M €epna bnidihve
I'S connected fo a roadsi'de unit, and transnmits an
¢hraebt cl2Ounist newtlyutp iR wack kéVweeputted fromthe

in-vehicle unit ciirguit 110 to d .t ant enna . .
EERREBL EaTPE FRESr O HETTE L OB e The TSR T
&ireuit 120.(its detailed configuration will be
described later) allows the nodul ated wave MV and t he

carrier[ Q] CWreceived by the
transmdd d ngl L ecet Vi REg2Rberng i QL & ass Wichangedves

:?n%dulated wave MW and a carrier wave CW transmitted from
an antenna 3, which is connected to a roadside unit, and
transmits an in-vehicle unit output RF wave UW outputted
from the in-vehicle unit circuit 110 toward the antenna
3 connected to the roadside 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.
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transfers themto the in-vehicle unit circuit 110. The
sem active circuit 120 also anplifies the in-vehicle
unit output RE wave OWNoutputted fromthe in-vehicle
unit circuit 110, and transfers it to the

transm tting/receiving antenna 101. That is, the

sem active circuit 120 has the properties %g assi ng
the dovhl GHKFF-GavenasIuteh PRl ramstisr © e

APl ALY g EE?CHQ%‘ﬁ&OR%ﬂﬁﬁ”bé(Heééﬁﬁﬁé@rlaﬂérAln
concrete configurational exanple of the sem active
Enbedimen203wi | | be described later in Enbodi nent 3.

[ 0028] 135%1n vehicle unit circuit 110 has a

smﬁtchlh rcuit 111, a detector 112, an anmplifier
113, aThnhﬂm&@mhlcbesusntnglmtuumeLﬁmthasrq;&wrtnhing

111 and ref ction [ 114, d_a cant
Trors 1ol oegeie e 1o abwaly et 17 e to¥dLator
&&%iséyﬁsdob»uf@rsml&g:mgc QAR riftoilh 1t AASH 158 Dfction
line on a substrate. The transn133|on line is of a
Yioee ahbdl apndhapeonad@li i itendtil) ihlthe transfer or
transnigﬁkﬁy direction of an RF wave is A /4,

tat

provi de t he wavel ength of the carrier wave CW
I's 2,. THeisefdrert idre ldare ilérd waveotW i sukadi begnforuming

the refl ect line 114 thr h the SMAtCh cir
A 150055 Ep A FornRatadedh ik I B0 Age 6L Mot
ﬂﬁiﬁ@ﬁl@glﬁﬁmﬂﬁﬁlsWﬂyﬁr@%ﬁéhéﬂléﬁEdagdZhNWHhslength

respect to the phase of the  incident wave (i t he

Phdshe iranvR E e .t 0T} S S iRt FRChHADI & oA W SR
o 42 g!;égl‘fgewk% 94\! d LARm 4 ogec(énforfgghtehgaf@igg%\ge

& URI T receive
Gwam§nﬁtt|mghsecehennghant&nnae10waveh@W is incident on

the reflection line 114 through the switching circuit 111,
and is then reflected, the phase of the reflected carrier
wave CW is shifted A /2 with respect to the phase of the
incident wave (i.e., the phase is inverted).

[0030]

When the modulated wave MW or the carrier wave CW
transmitted from the antenna 3 of the roadside unit is
received by the transmitting/receiving antenna 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 is
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
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nodul ated wave MW and the carrier wave CWthat have
been received are passed through the sem active
circuit 120 and transferred to the in-vehicle unit
circuit 110. [0031] Upon reception of the nodul ated
wave MNVinto the in- vehicle unit circuit 110, the
nodul at ed wave MWis  inputted to the detector, 112 vi
PRl shiee NG s rERild £ 12711 1 Frn it SRPRES et BEPSthe
Lber ppdul,at ediwave MVto denodul ate received data a,
and the received data a is 12 anplified by the
anpllflﬁ?olaB and then inputted into the control unit

115, [ 00321 coJhe.gophie! 1 4a) tfe%%we%ceehvesfécf{wed data

recei ve eterm ne exanpl e t he
yehi deechad nar,r fvedexahpl be EmMt aicevebittie BERP arrived

system whereafter th ontr ol unit 115 outputs

&Y I ErEaG i Bout i PYSE el g e Sa 3t atar He faqnt rol
thepsm btedegdata brhnechudesd fRrcLexmmliesh 1D a digital
i nformati on on the in-vehicle unit 100. [0033] The

sFamahi t teee datanpnistednfats thd ndindas rnng]E:l EUR e,

1,
ﬂ& nﬁgggggg?ﬁgkhf%m%gég%ﬁgghfé&%he ﬁ%gﬁ state (H or

the | o0&t e (L) of the transmtted data b. Wen the

smﬁtchl circuit, i OEF- st t he
carrier VE WS %gﬁlgégg bé St FE7 Sl |%uf%ﬁ$%%%?g
dildcuV¥enitheasw teki Rgiddtitidg dﬂﬁcmftthlompetfﬂrms a
ON-state), the carrier wave CWis refl ected by th

yeifekingrret hen iy reppenstase B erietehce-dre e or the
165! seted (BF wavenis St&%%sqﬁga@& dhen the switching

circurt Is open or thrown because the length of the
refl ectWroen |[itlme $gitching 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
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set to be 1/4. [0034] In the above-described manner,
the swwtching circuit 111 is allowed to performa
switching action in response to the transmtted data
b. Thus, the position of reflection of the carrier
wave CWdiffers, with the result that the phase of

the refl ected RF wave changes, and bi nar hase- shi ft
Qg FEBPEKY §hkd [iIRGE, OALPHEFFEC EAM R pde vehcle

feated - upop {9hs binary phase-shift keying of the
carrier wave CW becones the in-vehicle unit 13 out put

RF wavd Q&> Mwhich is outputted fromthe in-vehicle

unit circuit 110.. [0035].. The, jn:zvehi cle uni
RF vavd OOl ed Rrbh PRePTE. SEniere it Uit ed
flrhl&n itheanplividhdd Iy unie ciewudcet 116 thramplifi?éd andhe
then transferred to_the transmtting/receivin
SRl 19101 TRBAT E%Qrwae?_éi OWFT & TSGR TTd0 the
St nedind 7 pBELDO hpaRsichiana/oeceTvieny iy age UW
101. The power of the'in-vehicle unit output RF wave
9 hasspéshedncrelasere dy frpe et sepsié tdiinaine e/ ing
a‘l;l uesnrra eyen if an RF wave from other radio system (for
exanple,” W de area wireless LAN) slips in, the

i n- vehiTtlee povwdr ouf pthe RE-wabecU®/ usifmokegiyc RE wave

relieved frominterfer ith th Li ppi_ngs i
hoeS HiRn 1 SCERRERS et BP RaF 1P L HES CARCOmiar2 of THE”
dRadsifdanuRirt watlengeom et habl €a i b & Prewaf e example,

performed. [0036] Wth the in-vehicle unit 100 of
wErdrdr femi rel qgfeLAN) SAdmst 1 n§heedti NF I aRbBAGL WiHAut

@;%ﬁ&@g&%gﬁwg treghEGull il Ak AT Saith
the slipping-in RF wave, but is surely received by the
antenna 3 of the roadside unit. Hence, reliable pricing
can be performed.

[0036]

With the in-vehicle unit 100 of Embodiment 1, the
transmitting/receivingantennal0landthein-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/receivingantennal0l 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
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in the conventional in-vehicle unit, so that
conventional design technol ogi es can be appli ed,
unchanged, for the transmtting/receiving antenna 101
and the in-vehicle unit <circuit 110 which are the
same constituent parts as before. Thus, reliable
experiences wi th and know how about design and

Wralbf et iur ahgtBecartiPaPed Sy ThEScofféntBAntional
%éﬁ%%ﬁ#@?é%ﬁﬁ&@glpsaagﬁhléE@r@%i%HF@anéﬁa@sé@%ﬂéhaﬁ

cle unit 100 of Enbodi nent 1 becones a reliable
tiEKM¢r TDOB7theNneypeenfiiacatiiven iotrarrfesc be euvhle for
the roadside _14 unit s S T
Comventinre s nins 85 s P4 PhcAH GANR Paa Fab8d fokh
the: Haednuachasged itegeisbed. wi Thus$ héheevy stesm aehisacure
in-vehicle unit. Furthernore, th ower of fhe RF wave
hd S ognmﬁ Eé

g SRmE CPPEMMD IR 10Tt &mig /3 v PREFEA5BE. SHREE™ tO

e system cCafogecyeRt iFRea$a0R GFMPAGald GrRezidlss as
whi ch enabl es the systemto achieve the good
befegrre fi cati on of passing vehicles as before.

[E [ t 2] ,4{0038] A passive in-vehicle unit 100a
apggﬁgpngquﬁEégodinent 2 of the present invention
will befodexxyibed with reference to Fig. 2. [0039]

The in-vehicle unjt 100a gf Enbodi,ment 2 has..a
wake- up* ARG Hyaeal s ?h}énilﬁ-\} P PE TH I D" O f

g et 4.of QA0 r A dregulrieit 1d6 w1 prsw efk ddr dved
in-vehicle unit circuit 110a of the in-vehicle unit
WDy, rafereegal BPoFig- 2.

[0039]

The in-vehicle unit 100a of Embodiment 2 has a
wake-up function added to the in-vehicle unit 100 of
Embodiment 1.

[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
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116 has the functions of supplying electric power of
regul ated voltage to the anplifier 113 and ot her power
consunming elements within the in-vehicle unit circuit
110a, and also supplying it to the sem active circuit
120. [0041] The control unit 115 has the function of

outputting a wake-up signal c to the requlator 116,
\RT k9 T BRB L DVHSR I RPI S e G ity 1 HP
in-vehiglggynit circuit 110a, and the received data a
is inputted fromthe detector 112. The control unit
115 cofftientresutatoutldift st pes Whilces wpP 5y §faflegtric power
hr oughout 't . ' LN k h ang
R SOk VB e aKeT PGl J 0351 o1 g bt Snia 101
warie 115, impusued liiktsoe 1 det k heyehiedt etumdulkiatedivioltage

110a. 0042] The. regul at 116 staps -t suppl y_ of
tQ &di§ i’[ce%%b\é?r h]%%ﬁgnii’? %‘(‘?eic\}irr?é”tpf‘nel]\IE‘?keS-LB(gh SFgnale
dndromdhercontrol unit 115, but supplies electric
power at regul ated voltage to the receiver block of

the cirl@@43]110a such as the anplifier 113. [0043]
Thus, QQhﬁsdgﬁhggd&an?ﬁﬂkQgfggﬁgpameBﬁﬁﬁﬂfﬁhﬁH¥%ﬁupon

transniSS|dn and reception e RF wave between the
tirervemini 4 Foninahd 108aephdonhe fathen ke Ivafe thetweosmstde

unit, power supp to_the _sem active circuit 1 S
ﬁﬁﬂ?%ﬂ{k&ﬁ %Qﬁgoi%%? %%5i8§§ 8P% HE, °nd p5%€i%%ﬁ§§%96
drSi €€ Argdwelr Ostipp Dyt Be 8B aehive tdivecwWirdi2lt ¥ 0hbsgh
the sem active circuit 120 i s provided, therefore,

pAEf g d poiRIE RIFRSBHOABe8 T nbiNEak8OpPRYET FOtRALY

Gonsunptd pn, gan e Hlereased. s ANd aval i schar gaiafhddign

power source (battery of the vehicle) can be
tireevemt Bolct 1 7044} cuit 120 is provided, therefore,
wasteful power consumption does not take place, power
consumption can be decreased, and overdischarge of the
power source (battery of the vehicle) can be prevented.

[0044]

The other portions are configured in the same manner
as in Embodiment 1. Thus, the portions performing the
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
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The other portions are configured in the sane manner
as in Enbodinent 1. Thus, the portions performng the
same functions are assigned the sane nuneral s and
synbols as in Enbodinent 1, and duplicate

expl anations are omtted. [Enbodinment 3] [0045]

Next, the concrete configuration of the sem active

tdia datvepbcleednih eaERUSE £RE iR Hi%A)e units 100
and 1qg@ qgcording to Enbodi nent 1 and Enbodi nent 2
will be escribed with reference to Fig. 3. As shown

i n Fi gTh® s¢hbasehvactinmid t20iits gomppseddifsposedrart

a state i posed. Lp the .transm ssi [ L
QQﬁﬁﬁﬁﬁﬁhgifﬁea?ga%ggit?ﬁ%gf?e%el31ﬁggg%ggﬁ%a 101 and
16 theasntrehiccheplund T2Icuip2116héar tiBape YsGUE]
The sem active circuit 120 i s conpgsed of two 3- oré
Qﬁﬂﬁﬁ%ﬁﬁﬁuﬁﬂﬁs%nﬂOEE%?r§n8rﬁﬁu§ﬁgFi'QQ'guﬁngEFf%%

LRI &S Sndddr 1 422, othergdean rhg gusad-e Genetal -@aiPpDSEs
coupl ers produced froma nagnetized ferrite material,

fgwrmenhd%mpm i b Fethibadl céeuphér suchopfed FRGHROSTILP
istri ed S S amcrostri line to be
R Db uFR P ERhg Yt i

escri he first coupler 121 has a
first good711, a second port #12, and a third port

#13. The first coupler has the properties of
outpu;ﬂﬁﬁbffﬁétﬁﬁn%ﬁV%F%éﬁi%ﬂsﬁh erEé% Th &?Ye%f%%gond
gde fdrst podta#dfdi r&ir pBrthe 15econdepditrst#tdupler 121
outputting the RF wave, which has been inputted to

hate tdec GrPRsortiea 2 uRuHel 1% the g "ty iy Gthdras

%éééé P tiinﬁ)%cﬁrtted# N tﬂQdfPP%tp g:‘éixitn% 1he FREWaVBe N Sha hasrt
putted to the thi port #13, fromthe first
#dor t GHtloutting 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
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[0048] Likew se, 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, fromthe second port #22,

outputting the RF wave, whjich has been _inputted to
e SecOHIPPBEL T ¥ 91 SPO5RY RB TN St J50PE Qg% lnéﬁfftfklﬁfele

dhdstePosti #210andouyputting the RF wave, which has
been inputted to the third port #23, fromthe first

port h#zme [0029]d qhepiersiZeoupl énteZPaseq dtterthised
in the _transq ssion.]| L nd_h : fir r :
Eﬁﬁpsl%%%%e f%ﬁgtﬁeté#ggdogh?hgn @%h&%ﬂe it RAcuit
1T@NIDAE) Rd/ithecebpeng aat emegpddilt aow df7 ihhe reecdrid on
port #12 disposed qn .the side af the in-vehicle,. unit
S ool teto pIRBaY | Hines BAbGRd RonpFer BT Fot i dhided
dtePesed d i thiket rhhans Mk $8igPR ldaierilng anaednthe01 and
in-vehicle unit circuit 110 (110a) with respect to

thee sgesind pArsf#2hcdspesiad en the sise plrihe dgupedyicle
Jéy% CQ§§ i?@_fh;gg port #21 di sposed on the side
0 he |Ag &

ransm recei ving antenna 101 and the
second [P@30#22 di sposed on the side of the in-vehicle

unit ci it 11Q0.(110 0050, h ifi 23 .
havin;I Cué?ﬁi&%?%ﬁ;HggQﬁ%ﬂpﬁfbﬁa¥ £ gﬁp I%%%@ﬁ%%?%ﬁPg

1P WHF Wekd Rals santestiedtd pnihglt bofiflecpodt t#Xhoftiihed
second coupler 122 and an output term nal connected
RF & He 3 Bifr Bhpotecond SruRlRr fliddsandogpI @ity terminal

c\[‘é)rg'?él'clté/gtgb the %ﬁﬂ»é%éi’@t 14 QU EPéZQiPEttJ@uI\H/\ller 121.

oregoi ng configuration, e nodul ated wave and
t he carlfGG&l wave

With the semiactive circuit 120 of the foregoing
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
fromthe in-vehicle unit circuit 110 (110a) is transferred

or transmitted toward the transmitting/receiving antenna
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CWreceived by the transmtting/receiving antenna 101
are transferred along the followi ng 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 caoupler 122, That is, the nodul ated V\%\/ze l\/ly\/

Hhe Eie i Gl olelRg WY eR e VoY St ROt ot the

%‘{1@&?&” &5&?%&%9%@%@&“&%& ?&r@f gz paggednet Uy
e semactive circuit 120, and transterred or

¢aambart tit2d —+ ot hdenpil-Mvehe 1€ 3unit the dliird porti4da)et

1% 114 5L G SLi Tt osbre] DoBaF PERE ThevEhi ale Tt

aliplér RE2wave UWoutputted fromthe in-vehicle unit

circuit 110 (110a) is traggfer.red or .transmtt

J d
t onar d YhdHIaRAF2 1 AY/ r EBEI VPGSR fOJ%RHta RE

e Tk | oW pat £ 84t erohhensesandepaidl #2iaf diecuit 110
second coupler 122 - the third port #23 of the second
cola erigoampliféednplyi fiher apd Lfkave Y43 r d THote. A

1,5t 2L {5 S ePOfito #1h e ddie
E%lflz?lsipf%%ulp er 1%3%18& this &%ﬁ&ﬁog?btehe i%-vehi cel e
RINi waoait pove RFi swavenSwiduteputiiredn frhoen t he i n-vehicl e
unit circuit ;110 ,(110a) is anpl.ified by the anplifier
R SHLEEING A B CEASLPF é“(ﬁﬂﬁeﬁnﬁfﬁi e unit output RF
wave UWYgdsincreased RF wave power is transnmitted
fromthe transm tting/receivi ngC antenna 101.

0053
Next, a9adédPrAgddi et disrs i&ﬂfplrépuﬁé@rf%%ﬂef&gmed

S L oL RIFRLLSHEL 25,30 0008] hRel gicn
%I C ad%a%%%‘pg%g%lgs t egggu%{ber 1121 or 122, vviell blec
s drd hebd wist hheetenpiee 81Fpy. 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
coupler20l 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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[0054] The | oaded ring directional coupler 200 shown
in Fig. 4 is used as the coupler 121 or 122 shown in
Fig. 3. [0055] The |oaded ring directional coupler
200 is constituted by formng a copper-foil and a
substrate which works as the distributed el enent such
as the mcrostrip |ine at high frequency. As a
4%¢her expl anation, the | oaded ring directional
coupl er  @299s{s conposed of a ring directional coupler
201 int%efornnfa rectangul ar frame, manyperi odic

st ubs XN dtosledr bRg ehicte st denat come ismgOdiasctheieany

SR Ao 0090 LIRS P00 D RO

S réxed ionad eupler i20lessartaa tey o) natoviddd tloat the
termnating the port termnal 19 203d. ,[0056] _Since
et eRgthi PEcEhonBY R IMH 201 HadW He rfany Thus, the

PeR odi gest¥BBa202chpaded o eaah ¢ deowheigefi. the
l ength of one side thereof is less than 1/4 {%svided
0w i<0 %L,

that tHEhe veivds enft hhef fPRE RPTRaFe AR CW
IP4s: ah8205kNd Al GGLORA LAUPLLTH S0 cpR be

4.,
downsi zed ends of the four port termnals %OBa,
203b, PO3BE7hnd 203d are first to fourth ports #1 to

#4. 57]..The fi #1. th
NE S BSEbrHE nd 1 ARG 1 R bi | RBTRAF Chd

t he thi i ona

soepl £8 380theonbeaspena iy tdierddtt SénPortodplert RO
second port #12 and the third port #13 of the first
cRUPEBPONG 1O 4hE ARESt BBFFetbbnd % ST P&rtp%ilé and

#ed th DEaSEEeRA4RAr L #22 AN rst 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
a conventional ringdirectional coupler havingnoperiodic
stubs loaded thereon.

Moreover, the loaded ring directional 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 third port #23 of the second coupler 122. That is,
the | oaded ring directional coupler 200 has the
properties of outputting the RF wave, which has been
inputted to the first port #1, fromthe second port

#2, outputting the RF wave, which has been inputted to
the second port #2, fromthe third port #3 and the
tokeranhopf B¢2tand outputting the RFwave, which has

been i Wit@éiqtéﬂ%_\&,hea td@!rf@kapprﬁugé@sé résug her fddigdosed
port #1. [0058] he | oaded ring directional coupler
@DMagret heed pheroite kasbshoor ebeedat tHeS magetic

i LS 208! ¢ COUPLET o2k ANGLAUSy 15y SBLL Tt he
Bntf e stze as conpared wt a conventional ring
di rectimoroupl er having no periodic stubs |oaded
t her eon. reover, the,loaded ring di.rectional pl er
200 isticd %sle%a%?/éfﬁ?ﬁ?nalfﬁgtdi%éltar]i kﬁ?tué%eeﬁ e%djnt(&g a
Skeh asi & heogepRREelolih Fher esliiep ddJter ied heanner is
substrate, and is 20 tolerant of heat. [ncidentajlg,,
adeehed A phe Fesw kuplérokdrpoRbdheof cRAgREL Vet rCult
ri h bl that. .1+ ti pepbi es
L e DR T s 000 S 7 BT b
acogrdinetyj ohhe douplseérzi2@0 off the smalvelsigle unit 100
gq@%i ured En thg.above-described manner is adopted
K00ab cRUpPEr 2£21°8F%22 of the semiactive circuit
120, t he dovesharag e theadedi mioid Wel wdatcibhal2upler
accordingly, the downsizing of the in-veh'clg uni t 198
20008 resd shenichpebeat  FiP tHEtmbte 1PRECRISIEd PAg 00

j [ coup j [t e8Hucsg.t hat
R S R A e e Rt 43y

strong cAcbE produced.

In addition, general-purpose circulators produced
from a magnetized ferrite material can be used as the
couplers 121, 122.

The circulator has a first port, a second port,
and a third port, 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 third port, 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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[0060] In addition, general-purpose circulators
produced froma magnetized ferrite material can be
used as the couplers 121, 122. The circul ator has a
first port, a second port, and a third port, and has
the properties of outputting the RF wave, which has
been inputted to the first port,  fromthe second,

ot t 2 toaTpiRt g RBTRE » ARIIEH YR CHR BR DA Bt
ffbéheaﬁﬁcQ”%eHQQEtl%%O@ﬂHB%tﬂ“f§bport and

out putting t wave, which has been inputted to
t he thiThe p@mflg‘wm:tdreafno\r gunggrpnsThfsthe He-vehicle

| at
SHLE B e - PO TR, ndle Pz 2
sHowehinct £y uRi.t TAAk, mleglbmsErdethﬂLgﬁrathEOn

present i nventiaqn mnll be. descri bed b f
RSk LamE G- Wi G 7SI £14 G0 hadl P bl Ying LT be

S epba néie102, a transn1tt|ng antenna 103, an
In-vehicle unit circuit 110a, and a sem active
circui t[AB&] The configuration and functions of the

[n-vehigle, uall i Wgrzlgﬁ'n{%:rlujr;qg)?%_ﬁc&@@e%%oéﬁlgﬂ%ﬁ%ﬁe

Enbodi neﬁ% Sho nati ons for
Nheagdnd i @ajraieonwaaadcmtlransmftttdwb ﬁxmm/ein dretemia 3
circuit 110a w |l e, .onmtted re. 0062. The
PG %taerﬁ%%ﬁ e%ﬁ/e;ﬁ“ SRAES W e 2enne

PO & LA S MMBY B -GUNt CaRSTh teslu f 1 08 RN waRieeURA which
connected to a roadside unit. The transm tting antenna

ho3 heethomtesitdied FrpehtErelinvehdglsuinRE Gabeutiyiloa
g Czﬂnggf%:loggegy quiputded fromthe bpivehse!l ecdpita the

Cl I cCul
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 froma 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, andoutputting the RFwave, 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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and anplified by the sem active circuit 130, toward
the antenna 3. [0063] The sem active circuit 130 is
conposed of a coupler 131 and an anplifier 132. As
the coupler 131, there can be used a | oaded ring
Sirectional coupler (see Fig. 4) fornmed froma
istributed _elenment such,as a mecr rip line as.
RRES G /i GO (066A] L PRePEBLpl ot 15 P Hag e FiF%t-
port #3o@spsecond port #32, and a third port #33
The coupler 131 has the properties of outputting the
RF wavé&hentatphes bebnisi hpuerp@ses tie & iGtrangprgsion

#31 ro e 0 / t p ' t .
%%R%Lﬁamﬁg%ﬁnﬁﬁi ég%iﬁ%%ﬁnégg%tié%ﬁé§géﬁﬁ%%%JQSJ§FEﬁ%ﬂ?e
d f onetrhe dihiirdy ot &n#33 02nehd hbefsacsind port #8211 gpse

out put ti th , i. h ] O
Chi P4 T o485, SPFORTEHE Tt bt @icuth thga

present;g@dwdi ment, however, the property of

outputting the RF wave, which has been jnputted to_the

22 t hi rihgempligsert hend g e fyeqt kegy of amkifying
d 14z ¢y e KAWL Iﬁﬁueoygkﬁin;§lcbﬁnéBE%Hpeéeghértﬁ&rd
ransm ssion line L, and has the first port #31

b stp@S8ch Hhhehe wgi lder 181 arfrbanecdinu thjeant apdL A0 aprd

t he secondgort %32 di_spaosed 1 the side of the

§N-TRhi CF 2Rt ePPc ARt eIt To0o66]  The anplifier

132 haviggsthe function of anplifying the RF wave has

an input termnal connected to the third ort_#33 of

the coUpitet L safeiaft BIR gut T ¢ et i had Chrimetiredetng
Ier 1 LS bhT Noh AMRINS JB wal@0kland 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 transferredor 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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Wth the sem active circuit 130 of the foregoing
configuration, the nodul ated wave MW and the carrier
wave CWreceived by the receiving antenna 102 are
transferred along the follow ng path: the first port
#31 of the first coupler 131 -* the second port #32
of the first coupler 131. That _is, the nodul af ed wave

iwveehi ¢ He @atti ertRAYeRFCIRVECEIVEd By INE LNty ©
A enas 102 Ans Pass et dl Qg r g i e tdieertid cuj 3.

130, and transferred or transnmtted to the in-vehicle
uni t cill@fa] 110a. On this occasion, the coupler 131

undergqes |ittl e. s ssion | . 5[ 9068, ;IS g with
e veniirte TR BE T haa BiBoubart s FRSH (e
d nre@li £4 € uni 6, chutunbylhbawi shbuansher megyudrator 116.

transmtted toward the transmtting antenna 103 via
t he f&QQJH]ng route: the second port #32 of the

COUp|e%.%%hefaI€Fhfﬁ&§§ POrtu#d8oef piridRiueaupl ffod 3 -
the anplitier 132. On this occasion, the in-vehicle

nagne ol it LRFrihaveathréalpeenedef oMt HaStrRakikItde
éﬁﬁﬁlé%rfyit 110a is anplified by the anplifier 132.
S, the anplified 23 in-vehicle unit output RF wave
UW ahdusctirdade hdRA weadei 1 poywer is transmtted fromthe
transm tt] % antenna 103. [0069] The enbodi nent shown
in FigJQ§i equi pped with a regulator 116, but nay
g

be Wt hot ghesdegul @bontidh. cah08é0LisAd not only as a
gener al - purpose circul ator produced froma magnetized
Haggite wureehbfleadnpé §9&dUPRstad el Hite SXOuPterout

c;a?}il"al[slonggsﬁééél Mé&@@(‘i! iatsy]a p£99¥9=]5 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 1In-vehicle unit circuit
111 Switching circuit
112 Detector
113 Amplifier
114 Reflection line
115 Control unit
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The present invention can be used not only as a
passive in-vehicle unit for use in the ERP system but
can al so 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 | A-hehRePELGHAT 101 Transmitting/recei ving

ant enng »l03 ReGeirvi g antem@a 103 Transm tting
antenna 110, 110a In-vehicle unit circuit 111

Swi t chili?gd ci¥Z@i Comrd et ector 113 Anplifier 114

Ref | ect.i ' - 2l Control unit 24 116 Regul ator 120
Son actiave %lhggl}ift]l]e%ﬂl, 122 Coupl er 123 Anplifier 130
Sem actlidfe Semduictt ivE3kiGouplter 132 Anplifier 200
Loaded rjing dir c&jonal coupler 201 Ring directiona

coupl err302 8ty ©
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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203a to 203d Port termnal 204 Term nator L
Transmission line [Citation List] [Patent Literature]
[0073] Patent Docunent 1: JP-A-8-221623 25 [d ains]
[Claim1l] A passive in-vehicle unit, including an
antenna for receiving an RF wave transmtted from an
ant enna_connected to a roadside unit, and an
iieERFLle unit circuit for reflectlng and nodul ating
t hg R jwavg received by the antenna to create a
return RF wave, and outputting the return RF wave so
as to He nasmisre t iRUvERoEl ehunahy eAlsl U@ Passi ve

i n-vehigl %HW%%9§X¥%¥|§é83191§8nbﬁcﬁ?v%a9%r%Wan tted

allomnng wave receive e antenna to pass
ﬁwmﬁam@eﬂnténaastennbngedth@ RanadsIdﬁtwmatn &@@lcle

From L8 TRVERTRTLS U EE CEFEHRE, TRA0 “Chan coihd aid

S ANBE €L R4 NEhd her apld Feed iketdubl Rire al\ﬁtt/@mﬁ@ thereate
antenna. [Cl aim 2] The passive in-vehicle unit

AcVFEMRE ovavar nfnd OWRBEELANEhE Nen Kedmirdl &Euijgave so
aC_i; H%“Be CQPBBFﬁﬁﬁtedCE%hO'th@da%teer{rPJ outputting a

e-up sign upon inputting of the RF wave received
by thethuwpaﬁﬁlvandnavebgqﬂatcnltopqmmnﬂammm

el ectr . . .
ICEP%H%CEfQéhglrcult for allowing the RF wave

received by the 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 transferring the amplified return RF
wave to the antenna.
[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 semiactive circuit includes

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
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sem active circuit when the wake-up signal is
outputted. [C aim 3] The passive in-vehicle unit
according to claim1 or 2, wherein the sem active
circuit includes a first coupler and a second coupl er,
each having a first port, a second port and a third

port, and havin roperti f tputti the RF_ .
AR L S B IRaST BBEROE36 TSt DTS THEPTF s DU 10T
HORNG 2$2CORHRRHE haQUbOEAt I MFutt B8 FF MRy &eddH L bdias

een inputted to the second port, fromthe third port
farohn ttHee fiksrd peert amd dueplitrpRgPotie RRWQWEPUMHEH
as en . nputt.ed t i . e
O3 TR LR v kg BB A e e e P
ffagmsteisoupl est i sornt eapdsed in a transnission |ine

connecting the antenpa and the in-vehicle unit

ci rcui 0 ﬁmﬁi%fﬁ%ﬁ Qﬁta%?ifﬁglpgrggecgngQV?%

di sposed, PR igsti d8uplbrt NE oMt &AP8seanth the rsecaidsion
port of the first coupler is disposed on a side of

liiree FAnDeRFéNs Wi eneppeaiand Ehe igedsid TRprér Gigcuit,
JHU efrlﬁr% egolr@_. Lhec L ansnd %o‘?fabléf Ng AeapB5eliNdn a side
i n-vehic unit circuit than position ~of

d ttérep asiticinore ,obndhehei sstoodupbet, of Hehd ifrists herupdfer
the second coupler.is di.sppsed on the side of .
%ﬁHQﬂﬁﬁﬁse%nﬂntﬁes§ggoﬂa %gft%ﬂrﬁﬁﬁg%ﬁﬁx%Ef%oég it
di sposethoflecdh@ cdu@a «afi ¢ hatierpvskidcl et baittradismdlsstion
and the anplifier has an input term nal connected to

ke MHa%E At oM THD ekdi Fouph il ard Hag &psition
é%“ﬂ%ﬁeﬁééﬁfﬂﬂEylc%f%ﬁ%ﬁ%@@s%othﬁléBLf9h80f1r§£ ddeL of
coupler. [ Th

I rst alm 4] e passive in-vehicle unit
tdoe sediongl touplairm 8 disgvess pn the side of the antenna,

and the second port of the second coupler is disposed on
the side of the in-vehicle unit circuit, and

the amplifier has an input terminal connected to
the third port of the second coupler, and has an output
terminal connected to the third port of the first coupler.

[Claim 4]

The passive in-vehicle unit according to claim 3,
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
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.
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the first and second couplers are each conposed of a
| oaded ring directional coupler, the |oaded ring

di rectional coupler conprising a coupler in a form of
a rectangular frame and fornmed from a distributed

el enent, many periodic stubs | oaded on each side of
the coupl er. and each forned froma distributed

el é8ALM £dur port terminals formed at four corners of

the couplephaanrd Ragh-enird & nemtaadestaibyt €d claim 3,
element, and a termnator for term nating one of the

wWwreirrnminals. 27 [Qaimb5] The passive in-vehicle

unit a ' cl al rei Biciskculgtors, Lachg
having%gg%ﬁéggkiﬁﬁi,3%8%2%%%gﬂspgrtlaﬁg gotthd port,
poxck hadi ag hpreppotricesand hewtimg pirngerthesRA wangutting

[ has been | tted to t.he firs ort 0
LTk ot Bttt meaaT P i e el
# Ntded d-didie seeond @it t fngmideRE hawk parttich ands
outputting the RF wave, which has been inputted to

h%ﬁﬁtiﬁ?%ﬁ%ﬁ@t?ofFBﬁw?ﬁ@oﬁﬁrgprﬁorﬁFogk@hﬁééﬁ”é§iﬂ*&?t'
éﬁﬁugﬁiﬁhtigﬁg'ghQ]Rﬁ Rasel Vel BnvehlisChR diiithputted to

conprising: a réceiving anfenna for receiving an RF
tweev echirdnsoitt erbmotrhan famsénmro onriaet egsed as the
roadgide unit; an in-vehicle unit circuit for
$EtR€TtThg and nodul ating the RF wave received by the
regeilwifng aantenna to create a return RF wave, and
outputting the return RF wave, a sem active circuit

for al Polarstfe RE VRNEClEelBited CHYTRHE ¥ ei vi ng
ant enng t,Q. Nass; MICHRPGRHa rbhanskenkiing the fF wake

to the in-vehicle unit circuit,

transmitted from an antenna connected to a roadside unit;
an in-vehicle unit circuit for reflecting and

modulating the RF wave received by the receiving antenna

to create a return RF wave, and outputting the return RF

wave;

a semiactive circuit for allowing the RF wave
received by the receiving antenna to pass unchanged,
transferring the RF wave to the in-vehicle unit circuit,
amplifying the returnRFwave 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
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anmplifying the return RFwave outputted fromthe
in-vehicle wunit circuit, and then outputting the
anplified return RF wave; and a transnmitting antenna
for transmtting the anplified return RF wave
outputted fromthe sem active circuit, and wherein
the sem active circuit includes a coupler

PEFSRIpOTt, AUSREbhNBTE BNYAVE  PHi Y 1@6??%"6' ot ted

PaUINIsBEGREI S £S, Afr AU RELEN N e tRimavaKe £1wlicGhort,
has been inputted to the first port, fromthe 28
sedondtpott ingutpet Rfngatise Mhiehe haghikerhasnbieefed to

i npu he 0 N r he ird port d
PRE“EhEEe BrEre R S din s TR R bdve, i ch has
begn inﬁmtTm?liﬁi?théothbm@lndm&nqrthatREeWavsx port,
and an ifie or anplifying the RF .th .
coupler&Q@ ?%T%i%ﬁs%ﬂ e ?§%§n+%sﬁdﬁ%%¥%515350n line
EORREEL NG the FaLsi vimg Ataa aadthbei hAv¥Rhbtkeunit

unit circuit, the first port of the coupler is
dispuibd bheafisplerorttné EReeFOMRgSANt ENAESPARAGIL AR 2

%ﬁcgg:chf_ \%,e relt 5|8Eet1%ngc QHEEﬁﬁai,S%ﬂgsﬁ?§%éHh@_p%r@ o®f the

e unit crrcuit, the anplifier has an
toppletramsn isposennec eide of thweinhvedipoetungft ¢hecuit,
cogpler, and has an output term nal connected to the
#P8nsnitting antenna. [Claim 7] The passive in-vehicle

uni t aceps gl 1 i 6L ahas 6an Wl € tethiena D-yehheteed to
unit circuit conprises a control nodule for outguttingl
rmin

Bhadkel ip pagn gt thBoPOTRpEEt i 6P % RE RRtRAVE S
LERRLYUED4DY ot REARLEAMNG i t @Yy antenna.
[Claim 7]
The passive in-vehicle unit according to claim 6,
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 8]
The passive in-vehicle unit according to claim 6
or 7, wherein
the coupler is composed of a loaded ringdirectional
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
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a regulator for supplying electric power to the

sem active circuit when the wake-up signal is
outputted. [C aim 8] The passive in-vehicle unit
according to claim6 or 7, wherein the coupler is
conposed of a |oaded ring directional coupler, the

| oaded ring directional coupler %g%grisi a coupler

¢+emERbr nf ORL aPPEEL RRGELAR LFT dMETEHY o FYmeE of
istadipied slenmnin fMaYePertQdiL Stdtsi doased nent,
each side of the coupler and each fornmed froma
ahd ertdniote t Qo folreherninpbingpure of &Mf RAFS TR B -
fog%l%grn s of the coupler and each forned froma
di [ S}ed element, and a termnator for termnating
one of THe peerdtiveernimi—valtsicld dnditme@loThid ngassi gkaim 6,
in-vehicle unit according to claim6, wherein a
t$cTt @t or, having a first port, a second port and a
third pordi,ranhey] gavLepes tfessofpott pud tdagoidieort
RF wave, which has been inputted to the first Eort,
Fndm thhadseeshd 3 haVdRDBEOPSS tife RE QRVBRUTHARERhE
en i { B8p3eqRdBOLhe F{PBYIHEE NI £
%%3?£ﬁ3h&ﬂhgﬁ?%%§fpﬁgntEepRF wave, mh?ch has eén "
tinpudeohd pdhe, ¢bipdtponyg, thedRFtwevéei rehipbrhasilkeen
fﬁgﬁ%@gdtpg %ﬁng%Ebnd3%ort, 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.
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