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INV'~r1'TION ' 5 a) '~eahnieal Field of the Izx~rentidn This invention
relates to an antenna cprapxising an antenna body and a phase converter,
ft~r transmittxx~g and receiving a circularly polarized radio wave, a phase
converter used far tlxe antenna, and a cQxa,mx~nication apparatus for XU
transmitting a.><xd receiving data to and rc~m the outszde using the
antenna. xi) l~escriptioxr, of the Related Art Ganwentionall,y, thorn have
been antennas for 1~ transm,itting and xeceiving a linearly polarized xadio
wave (vertical,ly polarized wave and horizontally polarized wave) and a
circularly polarized radio wave. ~'or an exa~xple of an antenna for
transmitting and receiving a circularly po$a,rized radio wave) F'ig. 5D
shows an 20 antenna 121 (hereinaftex, xeferred to as a Fourth conventional
antenna 7,21 as well) comprising an antenna body I23 formed, into a neaxly
circulax flat bt~ard. The fourth conventional anten~xa 121 Gotupriaes an
extexzy,al IIfJ terminal 7.CJ7 2rs an i.n.terface to an exter~xal device.
The fourth conventional 25 antenna 7.21 outputs a signal detected in the
anter~ne. body 123 to   the external device via. the e~tternal rlC~
tex~nainal r4~, and also outputs a radio wave fxom the antenna body 1~~
according to a signal. inputted from the external device via the external
r/~7 terminal 107. In the central position of tk~e antenna laody 1.~9, 5 an
earth point l~~b is provided which is electrically connected with a ground
portit~n provided an the bacl~ face of the board via a through-hole formed
piercingly thxaugh the board. The egter~xal II(~ terminal 1~7 ie
electrically connected to a feeding point 123a formed on the a~xtenna body
123 via a wire having a 1U length corresponding tc~ an intxa-line
vravelength Jt. g of the xadia wave which is transmitted a.nd received. The
fourth conventional ante~xna 121 comprising the circularly formed antenna
body 123 cax~ transmit and receive a eirculaxly polarized radio wave.
I3owever, a frequency 



15 bandwidth of the radio wave which can be transuZitted a.nd received is
narrow. ~n the other hand, as shown irx Fig. ~~, there is an antenna 111
(hereinafter, referred to e,s o, thixd conventional antenna 111 as well)
comprising an antenna body 103 foz~med 2U into a quadrangular flat board,
the anten~rra body 10$ being provided with tw'o feedzrig points 103a, 10b
of which phase difference i,s 90 degrees. In the third aariventiQnal
e.nten~aa 111, line lengths L1, L2 of two wires formed between the external
IIO terminal 1a7 as an interface to an externa,I device and tvcro 25
feeding points 1.03a, 103b are dete~rm,ined to have different 2   lengths.
rn ether words, the third conventional ante~xna 111. performs phase
canversiax~ of two signals inputted and outputted through different feeding
points x03a, 103b by a difference of the line lengths L1, L2 (L2-L1) to
eliminate the phase differez~ce of 5 the sig~xals received in the ante~x~a
body 103. Then, it can input a~,d output a combined, signal into which the
two signals after tha phase conversion are combined to and from the
extex~xal device. In the central position of the antenna body 10S, ~,a.
earth point 1.03c is provided which as electrically connected to a 10
ground portion provided on the back face of the board via a through-hole
farmed piercingly through the board, T$e third conventional antenna 3,I1
constituted as such is mare advantageous than the fourth Gat~ventional
antenna 121 comprising the aforementioned cixcular antenna body 123 in that
15 a frequency bandwidth of the radio wave which can be traz~.smitted and
received is wide. For an antenna ca~anprising the antenna body 1Q8 on
wh,i,ch the two feeding paints 100a) 103b are formed, there is also an
antenna 101 (hereinafter, referred to ~.s a first conventional 20 antenna
107, as well) comprising a phase converter 1I15 betwee~x the two feeding
points 1.03a, 103'b and tlxe external II~ terminal 107, as shown in Fig.
5A. The phase converter 1U5 converts a plurality of signals of a d3.ffexent
phase inputted from the outside into szgnals of an equal phase, and outputs
a combined sig~,al 25 into which the pltarality of signals after the phase
Conversion are 3   cambi~xed. The First conventi~anal antenna 101
comprising the phase converter 1CJ5 Ga~x Further exps,~xd the frequency
bandwidth of the radio wave which can be transmitted and received 



caznpared to the third conventional azxtenna 111 which performs 5 phase
conversion by adjusting the line lengths of the lines formed between the
feeding points l4Sa, 7,Q~b and tlxe external rIU terminal I07. As a result,
improvement xn ante~xria characteristics caz~ be achieved. The first
caz~ventionai antenna l~i~, ct~mprisix~g the phase 10 converter 1.05)
hovuvver, occupies a larger area, due to the presence of the phase
converter 10~, than the third conventional. antenna 11I which does .at
comprise any phase converter. The larger tlxe area occupied by an antenna
is, the larger space for installing the antenna is necessary. Therefore, an
antenna 15 c~rmprising a phase converter has limited uses depending on the
installation space. IVforeovex, since the antenna cou~prisi_n.g the antenna
body fornxed into a flat baa~rd is comparatively thin and requires only a
small installation space, it tends to be included in a 20 commuriicatian
apparatus for txs,nsmitting and receiving data through a radio wave, for
example. Among tl~e com~u.unication appsratuses with a built-in antenna in
the farm of a Flat board, there is a cammuz~ication apparatus oamprisi~.g a
phase converter in order to transu~,it and receive a radio wave in a ~5
broader frequency bandwidtbt. Hawrever, such a communication 4   ~xpparatus
requires to an e~xlaxge space for i~xstallation t~f the antenna. due to the
phase converter, and thus, grows in size. As a example o the communicatiozl
apparatus with a built-i,z~ antenna, in the farm of a l,at board) there is
an onboard 5 device or use in an ETC (Electxo~xic Tall ~ollectic~n) system
and an ARP (Electronic Road ~'ricing) systenx. Since such an onboard device
is provided in a vehicle where the iristahation space is limited, there is
a high demand fox the miniaturization. It i.s well-knrwrn that the
pt~sxtion of the phase converter ~.0 I05 arranged in relation to the
antenne, body 1U3 affects the antenna characteristics a the antenna, body
IU3, In other words, the first conventiox~a,l antenna 1.0'1 having the
phase converter 1C1 arranged in a, position adjacent to a corner of the
quadrangular antenna body 103 (see Fig. ~~) has less influen,Ge 15 to the
antenna charactexi,stics owing to the phe,se converter 105 than the second
conventional antenna 109 having the phase converter 105 arrs,x~ged in a
position adjacent to a side of the quadrangular antenna, body 1U8 (see Fig.
5B). This is related to electric fzeld distribution around the 20 anten~xa
body 108. In the electric field distribution, regions in, the vicinity of
the center of the sides of the quadrangle have high electric fields, and
regions in the vicinity of the ends of the sides of the quadrangle have low
electric fields. In, order to minimize the influence to the elECtric field
distribution, it is desirable that ~5 the phase converter 105 is arranged
in the ~ricinity o a cornea of 5  



the quadrangle where the electric field is low. Since fluctuation in, the
electric field distribution influences the antenna cha,xacteristics, the
phase converter 105 can be arranged in a position adjacent to a career t~f
the antenna body 103 where the electric field is low to repress the
influence to the antenna characteristics. however, comparx~xg the area
occupied by the antenna bodg 103 and the phase converter 7,05 in the .first
conventional s.~,tenna 101 to the area, occupied by the same iu. the second
10 eonve~xtianal antenna 1U9, there is a relation of "AI ~ A2" between the
respective vertical dimensions, sand of "B1 ~ B2" between the respective
transverse dimensions. From the above) it is understood that the
substantial are2~ occupied by the first conventional antenna 7.01 (A1 >C
$X) is larger than the I5 substazxtial area occupied by the second
conventiou,al antenxy,a IU9 (A2 X $2). Accordingly, the first conventional
antenna 141, in ~rhich the phase can'~erter 145 is arranged around the
antenna body 1,03 in a position adjacent to a corner of the quadrangle (see
Fig. aA) in order to repress the influence to the 20 antenna
characteristics, occupies a further l.a,rge area. Additionally, the phase
converter 105 of the first conventional, antenna 101 is fornxed into a near
rectangle, Therefore, the dista~xce between the phase converter 1Q5 and the
antenna Y~ody 103 ca.n be short in the central portion, of the ~5
longitudinal length of the phase converter I05. However, the 6   distance
is inevitably fang in both end portions of the longitudinal length of the
phase converter 105. Tn other wards, wasted spaces axe created between both
end portions c~f the ~.angitudxx~al length of the phase converter 10~ az~d
the antenna 5 body 103, resulting in that the area oooupied by the antenna
as a whole xs enlarged. ~UMMAR,Y t7F ~~~ ~IrTV~N'~IO~t (one object of the
present i.nvezxtzan is to provide ari 10 antenna comprising a pk~a~se
converter, tav~hich can repress an xn~7,uence by the phase convextex to
antenna, characteristics of an antenna body as well as reduce an area
occupied by the ante~xx~a, and to provide also a phase converter for
realizing the antenna and a communication apparatus constituted using the
antex~~xa.. 15 In order to attain the above object, an antenna for
transmitting and receiving a radio wave of the present invention comprises
a.~, antenna body far a circulaxly polarized wave, formed into a
quadrangular flat board Co~xstituted fray, an electric conductor) and a
phase conwe~rter for outputting a 



20 combined signal into which two signals of a different Trhase xz~putted
from the antenna body are combined. 'Y'he phase converter is formed into a
near V-shape which caxresponds to a sl~,ape in the vioinity of a corner
portion of the quadrangular antenna body and i,s arranged on nearly the
same plane as the 25 antenna body so that the inner corner of the neaxly
~-shaped 7   paxtian faces the caxner portion of the quadrangular antenna
lady. The an.tenria body outputs receptia~x signals of ~ different phase
fraz~s two feeding paints, respectively. The phase 6 converter ccr~.verts
the two signals of a different phase inputted from the respective eeding
paints of the ~xntenna body into signals of an equal phase, and outputs a
combi~xed signal into which the t^~ro signals ors caxn.bined. In other
words, since the phase convertex is formed into a 10 near v-shape
corresponding to the shape in the ^vicinity of the carnet portion of the
quadrangular antenna body, it can he arranged adjacent to the antenna body.
The a~xtenna comprising such a phase converter can laxevent creation of
wasted spaces between the phase converter and. the anterins. 1,5 body.
Accaxdingly, by e'La~.inating the possible wasted spaces, the substantial,
area occupied by the antenna body and the ~rhase converter can be reduced,
and miniaturization o the antenna can be realized. The expression "the
antenna body and the phase 2a converter are arranged on nearly the same
plane" means not only that they are arranged on exactly the same plane,
b~zt also that the anten~xa body is farmed an one side oaf a flat member
(e.g. the baa~rd) and the phase converter is formed on the back side of the
board. In other wards, the ante~xna comprising the antenna, 25 body and the
phase converter arranged side by sido with a slight s   interval between
(e.g. the thickness of the lraard) is re~axded within a technical scope c~f
the present ixwention. When tl~e antenna body s.nd the phase converter are
arranged side by side pith the ba~.xd between, the relative position of the
antenna body 5 to the phase converter ms,y be determined so that the inner
vertex of the nearly V-shaped portion of the phase converter faces a corner
of the g,uadxangular antenna body when looped thxo~t~h the lat board toward
the perpendicular direction. ~'urther~aaore, since tl~e antenna of the
present i~,vention 10 is adapted to arran,~e the phase ct~nverter i~. the
vici~xity of a coxrier of the quadrangular antenna body, the influence to
electric fields around the a,n,tenna body ca~x be reduced and the influence
to the antenna characteristics by the phase convertex can be repressed. ~5
Acct~rdin.gly~, the ante~xna of the pxesent invention, even when provided
with the phase converter, cap, repress the influence to the antenna
characteristics of the antenr~a 'body by the phase converter as well as
reduce the occupied area, 



It as preferable that the antenna body is farmed into a ~0 s~,ua.xe of
w$ich length and breadth are the same in order to transmit and receive a
radio wave in goad condition. The antenna body in the form of a square
allows the frequency bands of radio waves detected in the respective
vertical and transverse directions to be conformed to each other, aad
thereby ~6 transm,ission s;nd reception of the circularly pc~Iarized wave
can 9   be performed with precision. I~, order to arrange the antenna body
and the phase converter in predeterm,x~,ed positions) the antenna body and
the phase converter may be fixed respectively onto a medium W onember made
of an insulated material, v~rhiCh fits xntt~ the space between the antenna
body and the phase caz~verter, fax example. ~'or anotlxer example, the
phase converter and the anten~xa body may be formed an the same board sa
that the inner vertex of the nearly Y-shaped portion of tlxe phase
converter 10 faces to a corner of the quadrangular antenna body. In, other
wards, since the antenna body is formed into a flat board, the attachment
of the antenna body to the board i,s simple. Moreover, since the antenna
body and the phase converter axe fixed ox~ the same board, relative
positio~xrng of 1~ bath devices can be easy compared to a case where both
de~rices are fixed on separate boards. Therefore, campli,cated operations
for producing the antenna are eased. Accordingly, the present invention
enables easy arrangement of the antenna body and the phase converter to ~0
target positions, thereby a].lowing miniaturization of the antenna, and
also repxesges fluctuation of the antenna. characteristics. Additianalty,
since the complicated operations for producing the antenna can be
dissolved, production efficiency per unit of tixo,e can be improved, and
a.ccordin~ly, Casts for producing the 25 antenna can be reduced. 10   



When the antenna body and the phase converter axe fixed on sepaxate boards,
the xelative position of the a~xtenna body to the phase converter ~xay
change due to the pasiti,on change of one of the beards. Then, thexe is a
fear that the phase converter 5 may be moved to a position where the
antenna cha.xacteristics are lowered. The present invexxtian prevents the
relative position of the antenna body to the phase canvexter from changing
by fixing bath devices tsn the sa~m,e board. ~onsequentiy, lowering of the
e,~tezxna characteristics can be 10 prevezxted. It is preferabie that the
board is made of a material. which does not influence the high ,frerluericy
,characteristic of the anten.~xa body. Then, fluctuation of tb.~ antenna
characteristics by tlxe board ca, be prevented, ,~uCh a board is expensive.
1b however, the antenna, of the present invention can reduce the
substantial occupied area. Therefore, consumption of the board can be
xeduced caxnpared to before, arid cost reduction can be achieved. It is
preferable that a l,axge space is provided between the ~U a~,tenxra body
and the phase converter i~x order to repress the influence to the antenna
characteristics. Therefore, the antenna br~dy may be fixed on one side and
the phase converter may be fixed on the other aide of a board. fn. this
manner, the space between the antenna body and the phase converter is 2~
enlarged and fluctuation of the antenna characteristics can be 11
repressed. Accordingly, txaz~smission and reception of radio waves in good
condition can be achieved. Zu this case, it is preferable that the relatave
position of the antenna body to the phase converter is determined so that
the inner vertex of the 5 nearly Y-she,ped portion of the plx~zse converter
feces a corner of the quadrangxzlar antenna body, when looked through the
board toward the perpendicu],ax direction. A plxase converter 7.05 (see
Fig. fiB) is constituted from an electric conductor forming a nearly
rectangular circular line. 10 Four II~ ports are provided in positza~ls
dividing the line extending to the circumfexez~ce of the electric conductor
into four separate sections 9o that the respective intro-line wavelengths
are equal to "A g / 4" (A g is an i~xtra-line wavelength of a radio wave
transmitted and received), T'he intro-lixxe wavele~.gth ~.5 does not mean a
wavelextgth in a free space but a wavelength of a signal t~rithin a
transmission line. The four IIO ports includes first and second II~ parts
105e and I~5f through wcrhich two signals of a different phase are
inputted, a third I/f~ port 105g through which a oombined signal 20 is
outputted, and a fourth IIO port 105h 'which is connected to a resistor
element having a resistance value equivale~xt to the input impedance of an
external line tc~ which the third IlCa port is connected. Tn this case, the
first and the second Ilt~ ports lobe and 105f axe next to each other, and
the third and the fo~xrth IIO 



25 parts 105g and 105h are next to ee.ob, other. A first line 105a 12
formed between the first end the second IlQ parts lUSe and la5f and a third
Iirie 105c formed between the third and the fourth 1/0 ports lQOg and .05h
are formed respectively to have an equal line width (~Y1~'W2). 6 The phase
converter 115 converts two signals of a different phase which are inputted
from the first and the second IIU ports 105e and 105f iota signals of a,n
equal phase, a~xd outputs a combined signal into which two signals after
the phase conversion are combined to the third ZIO port lD5g. IO A phase
converter to be provided vv~ith the antenna of the p~tesent invention must
1~e in a rear V-shape. However, if the ~.ft~rementi.aned phase converter
constituted from) the electric aaxxductvr Forming e. nearly rectangular
Gixcular iix~e is be~xt in the middle of a pair o lines corresponding to
the langitudirxal 15 length of the near rectangle (the first and the third
lines 105a and 105c), the nearly V-shaped phase converter can k~e realized.
In this ease, the first and the seearid Y10 ports to which two signals of a
different phase are respectively inputted are foruzed on the inner line of
the nearly V-shaped bent portion of the 20 electric co~xductor in positions
symmetric with respect to the center of the bent portion. The thiz~d and
the fourth TIO ports are formed on the attter line of the nearly Y-shaped
portic~~x of the electriic conductor iri pvsitiax~s symmetric with respect
to the center c~f the bent portion.. 25 ~owevex> simply bending the nEarly
rectan~x~Iar phase 13   converter causes the line lengths in the in~,ex and
the cuter lines of the bent partioz~ to be different. In other words, the
lisle between the first and the second IIO parts and the line between the
tixi,rd and the fourth Il~ ports axe formed to have different 5 line
lengths. As a result, the line lengths between the respective II(~ parts
are different, and the phase conversion quantities and passage lasses are
affected due to the ux~balanced intro-line wavelength and impedance between
the I!O ports of the two signals. Consequently, neither appropriate phase
10 conversion nor combination can be performed to the two signals of a
different phase. Tn the a~ritenna according to the present invexltian, the
phase converter is constituted from an electric conductor foxmi~xg a l.a~.g
circular line which is bent in the middle to form a near ~1' ~6 shape. The
~.rst and the second II~ ports tc which two signals of a different phase
axe inputted are farmed on the inner line of the nearly V-shaped bent
portion of the electric conductor in positic~xs symmetric with respect to
the center of the bent portion and ice. positions where the length between
the parts is about ox~e 



20 fourth of a wavelength ~ g of a radio wave transmitted and receaved by
the antenna. The third Ilt~ port from which the combined signal is
t~utputted a.nd the fourth ZIC) port cr~~,nected to a resistor element
haying a resistance value equivalent to the input impedance of the outer
line to which the third I/O port ire ~5 connected are farmed on the outer
line of the nearly ~l'-shaped 14   bent paxtian of the electxi.c ca~,ductar
in ~asitions symmetric with xespect to the centex of the bent portion and
in positions where the length between the ports is about one fourtlx of the
wavefaxm ~. g of the radio wave transmitted and received by the a~xtenna. 5
The width of the line between. the ixst a,nd the second l/a ports and the
width of the line between the third and the fauxth TIO ports are determined
so that the two signals inputted to the first and the secc~zxd II~7 ports
have an s,lm,ast equal passage loss. Such an arrangement of the IIO parts
allows the nearly 10 Y-shaped phase converter to convert two signals of a
different phase into sig~xale of an equal phase as vcrell. F"urtherma:re,
since the width o the line between the first and the secox~d I/O port's and
the width of the line between the tb,ixd and the fourth TICS ports are
detex.m~,ined so that the two 1~ signals inputted to the f..ixst and the
second IIQ ports have an equal passage lass, a combined signal into which
the two signals after the phase conversion are appropr~,ately combined can
be outputted. The intro-line wavelength and impedance between the IIO 20
ports of the two signals can be e.djusted by formx~,g the inner and the
outer lines of the nearly V-shaped bent portion to have different line
widths, fQr example. In this man~.er, by adjusting the line widths of the
respective Iines, it is possible to convert two signals of a different
phase to signals of an equal phase, adjust the passage losses r~F the two
signais to be equal, and 15   output a combined signal into which the two
signals after the phase cdnversian axe appropriately combined, an the
nearly Yshaped phe.se converter. The line width of the Xn.ner line of the
bent portion is set 5 to have the impedance "U.~Za" az~d the line width of
the outer line of the bent portion is set to have the impedance "Z.2624"
where ~o is the input impedance of the external line. Adjustxaent of the
respective phase conversia~x quantities and pe.ssage losses o two signals
of a diffexerit phase cs,~ be also 1U performed lay adjusti.ng the
xntra-line wavelengths of the li,z~es formed between the first or the
second rlC~ port axed the thixd or the fourth IIt7 port. Fox example, when
the first and the third I!O parts are ~xext to each other, the line length
x~ay be~ set so that the intro-line wavelength in the line between the
first and 15 the third I/O parts is equal to " ~ g l 3,23". The conversion
point of the line width (that is, the impedax~c~ conversion point) in the
circular line is not limited to the portion where each of the IIO poxts is
formed. Accordingly, the present invention enables two signals of 2U a
different phase td have an eq'aal passage loss and also enables the signals
to be ca~xverted into signals of a.n equal phase even when the nearly
reetax~gular phase converter is transforxued into a near V-shape. As a
xesult, it is possible to output ~, caxnbined signal xnta which the two
signals after the phase convexsion aro 2~ appropriately cambin,ed. 



16   In another aspect of the present invention, a phase converter which
converts two signals of a different phase into signals of an equal phase
and which outputs a cc~m,~bined signal. into which the two signals after
the phase conversiox~ are 5 combined is provided. The phase converter is
constituted from an eleGtxic conductor orming a long circular line, which
is bent in the middle of the longitudine,l length to farm a r~.ear V-shape.
First and second IIO ports to which the two signals of a different phase
are inputted are farmed an the inner luxe of the nearly V 10 shaped bent
portion of the electric candtxctor in positions symmetric with respect to
the bent portioxx and in positions vt~b,ere the length between the ports is
about one faurtl~ of a wavelength ~ g of the signals inputted Exam the
outside. A third r/C1 port from which the combined signal. is outputted and
a 1~ fourth IlU port connected to a resistor elemi,ent having a resistance
value equivalent to the input inxpedance of an external lina to which the
third II(~ port is cc~nn,ected are farmed on the outer line of the nearly
Y-shaped bexxt portion of the electric conductor in positiQUS symmetric
with respect tc~ the bent 20 portion arid in positions where the length
between the ports is about one fourth of a wavelength x g of the signals
inputted from the atxtside, - The line width between the first and the
second I!(~ ports and the line width between the third and the fourth II(~
ports are determined so that the two signals inputted to the first 25 and
the second IIO ports have an almost equal passage loss. m   This phase
converter can be used far other puxpases besides the afarezc,entioned
antenna. It ce,n be advantageous when it is difficult to arrange the
ca~x~'entional xxearly rectangular phase caz~verter due to a narrow space.
It can a.lsa 5 perfaxz~l apprapria,te phase conversion to ftWa signals of a
different phase, transmit the signals having an equal passage loss, and
perform. appropriate signal combi,~,ation. In another s,spect of the
present invention, a communication apparatus for transmitting and
rECeirring data to 10 and xam the outside using a radio wave is provided,
v~hich comprises the aforementioned antenna. ox transmittx~xg and receiving
the radio wave. In other voids, the aforemen~i.crtxed antenna allows
mini~aturizatiQ~, in comparison tt~ the conventio~aal, antenna, 16
fiherefore) the communication apparatus of the pxesent invention can reduce
the installation space, and xealize xt~iniaturizat~,o~, of the whole
apparatus. Since the aforementioned antenna can control fluctuation of the
antenna characteristics, the communi.catic~n appara~.tt~s of ~U the present
invention can tra~.sm.it and receive the radio wave to 



and from the outside in good condition, and perform precise data
transmission and reception. ,~ln example of the communication apparatus
Comprising the anten~xa is an onboard davicc far an FTC and ARP' system, 25
Since s~zch an onboard device is mounted an a vehicle with a 18   iim,xted
space, there is a high demand or miniat~xxizatian, Miniaturization of the
onbpa~rd device is possible by Gc~nstituti~xg the same with the antenna of
the present invention. I~, additiao. to the miniaturisation, it ca~x
repress the influence to the 5 antenna characteristics, and accordingly,
precise data transmission and reception can be performed. BRIEF
DESCF,IPTIC~b1 OF Z`HE DR~W~~TG 'T`he invention will ~,ow be described, by
way of example, 1a with reference to the accamp2~nying drawixxgs, in
whick~: Fig. 1A is a schematic dxs.gram of au ET~,~' onboard device, and
Fig. 1P is a schematic diagram of an e,xitenna face of an RF board; Fig. 2
i$ a circuit diagram o the respective devices fitted 15 to the RF board;
Fig. 3 is are explan.atoxy view shaving a schematic cox~stitutian of a
digital board axed various devices Gox~nected to the digital board; Figs
4A-~kXl are expXanatory views of other embadim,ents ~t5 rele,ting to
arrangement of a~, antenna body and a phs,se converter to the board,
~trb,ere Fig. 4A shows the antenna body ~xnd the phase ca~,verter s,xranged
on the same plane, Fig. 4B shows the antenna body turned by 45 degxees)
Fig. ~C shows the o.ntenna body turned by 45 degrees and the phase
converter 



2~ arranged on a di~'erent face when looked from axe antenna face) 19   and
4l7 shows the antenna body turned by ~#5 degrees a~xd the phase converter
arranged can the different face when looked from a part face; Fig. 5A is a
schenxatic diagram of a first conventional antenna comprising an antenna
body formed into a quadrangular flat board and a phase converter arranged
in the vici~,ity of a carxxer portion of the quadrangle, ~'i,g. 5B is a
schematic diagram of a second conventional antenna caz~nprising an antenna
body formed onto a qus.drangular flat board and a phase converter 10
arra~xged in the vicinity of a side of the quadra~xgle, Fig. uC is a
schematic diagram of a third ca~.ventianal a~xtenna v~rhich comprises an
antenna body formed into a quadrangular flat board and performs phase
composition of two signals by setting line lengths of two wires to be
different, and Fi,g. _ 5D is a 15 schematic diagram of a fourth
conventi~a~xal antenna comprisxt~g an a~xtenna body formed into a nearly
Gi,xcular flat board; Fig. 6A is an enlarged view of a nearly Y-shaped
phase converter xn an embodiment of the present invention, and ~'ig. C~ is
an enlarged view of a nearly rectangular phase converter xn the prior art;
Figs. '7A-'Ilk show measurement results concerning a passage lass of a
signal in the phase converter, where Fig. 7A is of a first measure~.uent,
Fig, 'l~ is of a seca~.d. measurement, Fig. 7C is of a reference
measureme~xt, and Fig. 7~? is of a third ~6 measurement; 20   Figs. 8A-SC
show measurement results concerning a phase of an output signal in the
phase converter, where Fig. $A is of ~ first maasurement, k'xg, 8B is of s.
reference ~aaeasurement, and Fig. $~ is a a tlxxxd x~as.suremant; and 5
Fig. 9 is a schematic diagram of an antenna which can transmit and receive
right-handed and left-handed circularly paJ.axi,xed radio waves. IIETAILE1~
DE~CRI~'TTC~N t~~' I'RE~`Eh,~,EI7 EMBQDIMENT 10 Fig, xA is a schematic
diagram of an ERP (EleGtxanic Road Pricing) onboard device 1 according to
the present invention, The EE,I" onboard device is a communi.catian
apparatus which is mounted on a vehicle a~.d transmits and receives a radio
wave to and from a road rids device located on 16 roads, etc. As shown in
Fig. 1A) the ERP anbaard device 1 comprises an RF board ~,~., a digital
board 13 and a display portion (LCD oirarxit board 15). The ~,F board I1
and the digital board 13 are connected v~.a a First communication cable
CA1, a,ud the digital ~0 board 1S and the LCI~ circuit board 1~ are
connected via a second cammunxe2~tian cable ~A2. The ERP onbas.rd device 1
is also provided with a card holder and a buzzer, which a.re ~,at shown in
~'xg. 1A. The card holder is connected to the digital board 7.$ via a third
communication cable, and the buzzer is canaeoted to the 25 digital board 13
via a fourth communiGatio~ cable. 21 



The RF board 11 is a PTFE (palytetra.i7.uoroethylene) or BT
(f3sm~.aleimide-Triazine) resin RF board provided with a part face and an
antenna face. A phase converter 2$ (also referred to as a coupler) and a
signal conversion cire~.zt 25 are attached an 5 the part face, e.z~d an
antenna body 21 is attached an the antenna face apposite to the part face.
Fig. 1A shawl a scheu~atic diagram in the part face of the Ti.F board 11,
arid ~'ig. 18 shows a schematic diagram in the a~,tenna face Qf the R~'
board L1. The antenna body 21 e,nd the phase converter 23 constitute an 10
antenna 20. Details of the respective de~rices attached to the RF board 1r
are explained by way of a circuit diagram of the devices attached to the RF
board, shown, xn Fig. ~. The antenna body 21 is faxnxed into a square
fl.~xt board 15 constituted from an electric conductor. Tt has two feeding
points 21a, 21b which output signals of a diffexexxt phase detected from
the received radio wave. In the center of the antenna body 21, an earth
point 21c electrically co~xnected with, a ground portion provided on the
back c~ the board visa a through-hole farmed 2U piercing~.y through the
br~axd is provided. 'r`he antenna body 21 is adapted to receive an ASK
(Amplitude shift keying) signal a 2.4f!-2.44GHz transmitted from a tollgate
antenne) (a, road side device) and to transmit a P'ST~ (Phase . shift
keying) signal of 2.40-2.44I~Idz. The antenna body 21 is constituted Pram a
patch 25 antenna using a mi,crostrip lixxe, and transmits and receives e,
22   right-handed circul.axly polarized wave. The antenzxa body 21 uses a
half duplex cu~,munication as a wireless transmission method. ~`lxe phase
converter 2~ co~,vexts two signals Via, ~b of a 5 different phase inputted
from the first and seco~xd feeding points 27.a, 21b of the antenna body 21
into signals of an eqt~.al phase, and outputs a combined signal. tux into
which the two signals Via, Sb after the phase conversion are coxo,bined. As
shown in Fig. 7.~, an interval p'1 between the antenna 1U body 27. ax~,d
the phase converter 23 when looked through to a direction of the xa.dio
wave transmission a~xd, reception is set at 3.8 mm, which is shorter than
a. Ie~.gth ( JL g I 16) where ~. g is an intra-.IlnE wavelength of the
tran~~xitted and receiw'ed radio wave. 7.5 F'ig. 6A shows an enlarged. view
of the phase coxxverter 23. As shown in dig. fiA, the phase converter 2~ is
constituted from an electric conductor farming a nearly elliptic line bent
in the middle of the longitudinal length to farm a near 'Sl-shape. First
a.nd second I/~ parts 2~e and 23f are farmed on t'he inner 2U line of the
.early 'V-shaped beat portion of the eleotric conductor in positi~oris
symmetx~,c vrith respect to the center of the bent portion, arid third and
fourth Ih'J ports ~~g a~xd 23h are fornxed on tlxe outEr Iine of the nearly
'~-shaped bent ~poxti~an of the electric cant7.uctar in poritiax~.e
symmetric with respect to the 25 center of the bent pvrtiQx~. 23  



A first Line 23a is farmed between the fixst and the second II(7 ports 28e
~xnd 23f, a second line 23b is fQxmed between the second and the third IIO
ports 23f and 28g, a third line 23c is formed between the third and the
fourth IIC7 pc~xts 23g and 23h, 5 and e, ot~rth line 29d is formed
bet'w'een the fauxth and the first IlU ports 23h and 23e. In other ~wc~rds,
the phase converter 28 is formed into a near V-shape as the result ths,t
the first and the third lines 23a and 23c are bent in the middle to fc~r~.
a vextex of the V-shape. 1d A line width ~V1 of the fixst line 23a between
the first and the second Ilfl ports 23e and 23f and a lzne width yf2 of the
third line 23c between the third e,x~d the fourth I!U ports 28g and 2$h are
formed to have different lengths. rn other Wards, the line width VP1 is
determined so that the ixo,pedance of the .f'.~.rst line 15 23a xs (0.9Zo)
and the line width ~2 is determined so that the impedance of the third line
23c is (7..25Zo) where Zo is the input impeds.~,ce of art egtexnal line.
Speci.ically, while the ix~put i~axpedance Zo c~f the external line is 505k
the line Width W1 is set so that the impedance of the first line 23a is ~5
fa, and the lxn~e 2t7 width ~2 is set so that the impedance of the third
line 23c is d2.5 a the line lengths of the first line 2$tx and the third
line 28c of the phase converter 23 are set sc~ that t.3 ~ (~1 g / 4) where
L3 is the respective intro-luxe wavelength. The li,x~,e lengths of the 2~
second dine 23b and the fourth line 23d are set se that I~4 = (~ ~ I 24  



$.2$) where L~ is the respective intro-line wavelength, A canversian paint
of the line width in a circulax line {that is, an impedance conversion
paxzxt) is formed .ire a positiax~ different from portions whexe the
respective I/tJ ports are farmed. S As shown in Fig. 2, the first II~7 port
2~e is connected to the fzrst feeding point 2Ia of the antenna body 21, the
second Ili~ port 2~ is connected to the secaud feeding paint 211a of the
antenna body 21, the third IIO paxt 23g is con~,ected to a filter circuit
27 of the sig~,al conversion ci,rauit 2~, and the fouxth rIU 10 port 2$h is
grounded via a dummy resistance lax. The plxase converter 2$ constituted as
al~ave performs phase conversion a the first signe.l Sa inputted to the
first IIQ part 23e and the seco~xd signal Sb inputted to the second IlC?
part 2~f sa that both signals hate an equal phase, and outputs the 1~
combined sig~,al Sm into which the two signals Via,, ~b after the phase
canversitan are combined. Since both first and second signals Sa and Sb
have an almost equal passage loss, the phase converter 23 can output a
combined signal iota 'which the first and the second signals Sa and Sb are
appropriately eambin,ed. 20 lii ether wards, the phase converter 23 can
output the combined signal without influencing the crass polari~atian
che:~te.ctexistic and axial ratio v~rhen performing phase canversian and
combination of the first e,nd the second signals $a and Sb which are
circularly polarized wave signals. 2~ The signal conversion circuit 2~, as
shown. i,n Rig. 2, 25   comprises the filter circuit 2~, a FE'S'
(field-effect tre,~nsistor) 29, ~ reception signal demodulation circuit 31,
an open stab ST, e, received data e,~plification circuit ~3, a reception
signal level adjustment circuit 3~, a received data amplification circuit
87 5 and a receptioxl signal deteGtiQZ~ circuit S9. The filter circuit 27
extracts a signa3. ele~,ent corresponding to a predetermined frequency band
(~.402.44GHz) from a signal detected from the radio wave received and
transmitted in the antenna 20. 10 The FET 29 is set in one of the ON a,xid
the UFF states according to a '~~ data signal transmitted frog the digital
board 19. When the FET 29 is in the fJN state, the reception signal xs
passed through the FET 29 to be reflected xn the open stab ST, and the
reflected signal is again passed throug)x the FET 29 to be 15 outputted
from the antenna body 21 to the outside. When the FET 29 ~.s in the UFF
state, the reception signal is reflected in the FET 29, and the reflected
sig~xal is outputted from the antenna body 21 to the outside. In this
manner, since the line length along which the reflected signal travels is
different 20 depe~xding on the state of the FET 2~, i,t is possible to
cause a phase differe~xce to the reflected sig~xal outputted from the
antenna body 21 and output a I'SK. signal. ''hen a signal is received, the
FFT 29 is turned to the ON state, and the reception signal is passed
through the FET 29 to be demodulated ix~ the 25 latex-explained reception
signal demodulation circuit 31. 



26   The reception signal demodulation circuit 31, is ec~nstituted frog a
diode DI, az~d by directly detecting and demadulatin,g the reception,
signal (2.40-2.4~GHz) witlx the diode DI, extracts data included in the
radio wave. The open stab ST 5 reflects the reception signal to be
transmitted, toward the antenna body 21, and is used far generation of the
aforementioned PSK si~~,al. The signal eonversiox~ circuit i.s biased such
that when the FET 29 is in the O1~T ste,te, the diode DI is also in the
I7hT state, and when tlxe FE'r' 29 is in the OFF 1D state, the diede 7~T is
a~,so in the OFF etate. The received data auxplification circuit 33
cmm,prises ari amplifier, by which the demadulate$ data in the reception
signal demodulation circuit ~1, is amplified abatxt 40dB. The reception.
signal Level adjustment ci~i~cuit 35 is 15 provided far absorbing a
dierence in reception si,gxr.al levels caused by variance of
characteristics (individual difference) of the recaptxt~n signal
demadulatidn circuit 31, received data amplification circuit ~~ arid the
latex explained received data amplification circuit 37. The reception
signal Level adjustment ~0 circuit 35 comprises a variable register VR
e,~xd twp resistor elements 35a, 35c, a~xd absorbs the difference in the
reception ei~~xal levels caused by the variance of characteristics
(individual difference) by adjusting a resistance w~alue of the var~,able
register VR,. In tb.e receptio~x signal level adjustment circuit ~5, ~5 $
thermistt~r 35b is cvnx~eeted side by side witlcs the resistor 27   element
35c i~~, order to compensate fluctuation in the reception signal levels by
a diffcrenee in temperature ixa, addition to the dxference in the reception
signal levels caused by the variance of clxaxe.cteristics. The received
data amplification exrcuit 37 comprises an amplifier 37a and e,n inverter
37b. Similar to the received data azo,plification circuit 33, it ampli~.es
the data demod'alated in the reception signal demodt~latxox~ circuit 31 by
way of the amplifier $7a.. It amplifies the gain tvhich is short in tlxe
xeceived data 1.0 ampli~catit~n circuit $3. The inverter 37b invexts the
signal 



level of a signal outputted from the amplifier 37a to gexxerate a R,X data
signal, and outputs the RX data signal to the digital board 13 via the
first communiCatian cable CA1. T~x~ inverter 87b adjusts e.~xd outputs the
RX d~.ta signal so that a current 16 value and a voltage value of the RX
data signal axe within a deined current value and a defined voltage value
in, an input terminal of a later e~eplained CPU 41 provided on the digital
board 13. The reception si,gual detection circ~u.it S9 comprises an 20
operation amp3i~.er 45, twr~ resister elements 4ba, 45b a~xd an inverter
47. The olaeration amplifier 45 Compares a voltage of the reception signal
detected in the recep~ti0n signal demod~xl~ttion circuit 31 with a
refere~.ce voltage determined in two res:'tstor eiemex~ts 45a, 45b. When
the w~eltage level df the 25 reception signal is highex than the reference
voltage, the 28   operatia~x amplifier 45 outputs an output signal at high
l,ewel, and when th,e voltage level a:f the reception signs,l is lower
tb,an the reference voltage, it outputs an output sig~xal at low level. The
inverter 47 outputs azx RX detection sig~xal, which is the 5 output signal
outputted fxana. the operation amplifier 45 owhich level is inverted, to ~
the digital board 13 via the first communication ae,ble CA1. The inverter
47 adjusts az~d outputs the RX detection signs.l so that a current value
and o. voltage value of tlxe ~,~ detection signal is within, a defined
curxent value 14 and a defined voltage value in the input terminal o the
later explained CF'U 41 pxavided on the digital bos.rd 1.8. The reception
signal detection Circuit ~~ perarms a detection process a the reception
signal periodics,lly In ease that the detection of tb,e reception signal b~
the reception signal 15 detection circuit' 39 is not performed for a
cextain period of time, the later explai~,ed (CPU 4~ provided on the
digital board 1$ shifts tlxe ~ERP ox~bc~ard device I to the wait state.
VPhen the E~t~' onbr~ard device 1 is in the wait state, a. power saving
sv~ritehix~g signal is inputted from the digits.l board r~ to the 2(1
signal conversion cixcuit 25. Inside the signal conversion circuit 25, a
not sho~c~rn power saving control circuit operates according to the power
saving switching signal an,d supplies power only to the reception signal
detection circuit ~~ to lower power consump'txon. 25 'GV~heri the reception
signal detection circuit ~~ detects the 29   reception signal in the wait
state and, outputs the R,X detoction signal, the CPU 4~, shifts the ERP
onboard de~ri~e 1 to the xxormal state axed starts supplying power to each
pa~rtion. Power is supplied to the respective devices included in the
signal 5 conversion circuit 25 via a power supply line in, the first
communication cable CA1. 



The digital board 13 is now e~cpl.ained by wa.y of a schematic diagram
shown in Fig. 3. As can be seen from Fig. ~) the di~-ital board 13
comprises 1.U the CF'U 41, a reference oscillatiax~ circuit 51 and a power
cont~ral portion 43. The CPU 4J. takes in the receptit~n signal (R,X data
signal) from the R,F board 11 (mare particularly, received data
amplification circuit 87) via the fir$t oommunicatio~x cable CA1,, 15 and
extracts information such as on an an,board device validation signal, a
toll, a position of a tailgate, ete, The CPU 4I outputs a transmission
signal (TX data signal) including the onboard device validation signal,
vehicle i.u.formation, IC card infarmati.ow, etc. tn the R.F board 11 (more
particularly, FET 29) 20 via the first co~o,municatia~x cable CA1. The CPU
41 coraprises s. memory (not spawn) for accu~,ulating infQrnxation such as
a name of the owner of the onboard device) vehicle data, tolls paid, dates,
time) etc. The reference oscil~.ation circuit ~1 comprises a crystal
t~scillator, etc., for example, and outputs a reference clock si~gna,l 30
to the CPU 41.. The power control portion 43 comprises s, voltage
conversion portion 4$a and a switch 43b. Zt perforaxxs appropriate voltage
convaxsioz~ of a voltage (9-24V) supplied from 5 a power unit $T (battery)
provided in the vehicle to supply power in a voltage suitable for
operations of the respective portions. In the vehicle, the noise such, as
an ignition noise is gcnero,ted. However, the voltage conversion portion
43a of the power caz~trol portion 4~ comprises a coil, a condenser) a
filter) etc. for 10 removing the noise, and it prevents the noise from
affectxx~g to the portion to which the power is supplied. To the digital
board 13, a display portion 15 is connected via the second cc~mmunias.ti.an
cable ~ GA2, the card holdox 53 is connected vis. the third commu~xitCation
cable ~A$, and a buzzer 15 55 is connected via the fourth communication
ceble CA4. The display portion 15 displays various ir~formatio~x such as
the tall, tolls paid, insertion state o an IC card, position of the
tollgate, etc. according to a display instruGtian signal Exam the CPU 41 to
provide the information to the user. An, IC card 5? 2(1 can be fitted iota
the card holder 58. The card holder 5~ reads and updates the IC card
iufarmation included in the IC card 57 acGaxding to a~, IC card operation
instructioxx signal from the 



CPU 41. The buzzer 55 gives a~x alarm to the user according to a sound
output instruction sxg~xal from the CPU 41. 25 In the ~~i,P onboard device
1 constituted as such, the 31   phase converter 23 is formed into a near
V-shape carrespanding to a shape in the vicinity of a corner paxtion of the
quadran~~xlar antenna bady 21, a~.d the phase converter 23 ~,x~d the
antenna body 21, are arra~xged an the same RF board 7.3. so that the inner
5 vexte~ of the nearly V-shaped portion of the phase ccan~rerter 23 faces
the corner a the quadrangular antenna body 21, as can be seen tom Figs. 1A
and X$. In other words, since the phase converter 28 is farmed into a near
V-shape correspariding to a carnet poxtian of tb.e 10 quadrangular antenna
body 21, it can be arranged close to the antenna body 21, narrowing an
intexval between, the antenna body 21, and the phase converter 2S. The
antenna 20 comprising such a phase converter 23 according to the present
embodixo,ent can prevent farmx~xg wasted spaces bEtvveex~ the phase
converter 1~ 23 and the antenna body 21. Accordingly, by eliminating wasted
spaces, the substantial area occupied by the antenna body 21 and the ghase
canvertex 23 can be reduced and the antenna 20 can be mini~xtized.
Additionally, since the phs,se canwerter 23 is axranged in 20 the vicinity
of a, corner of the quadrs,x~gular antenna body 21, the influence to
electric fields around tb,e antenna body 21 can be reduced. Consequently,
the ix~tluence to the antenna characteristics of the a~xtenna body 21 by
the phase converter 23 can be repressed. ~5 .Accordingly, the a~ztenna 2(1
provided with the ~R,P 32   onboard device 1 of the present embodiment can
not only repress the influence to the ante~.~z~ characteristics of the
antenna body 21 by the phase converter 2~, but also reduce the occupied
s.rea. Since the antenna body 21 is farmed xz~tc~ a square Q 5 which
~,ength a~xd breadtlx are the same, the frequency bands of the radio waves
detected in the vertical and transversal direatians can be conformed to
each other. ~`hexefore, transmitting and receiving o the circularly
palari4ed wave can be performed more precisely. 10 Also) since the antenna
body 21 is formed into a flat board, the attachment to the ~.~' board 11 is
easy. 13y fixing the 



antenna body 21 and the phase converter 23 on) the same board, it is
eas~.er to determine the relative, position of tlxe ~anten~xa body 21 to
the phase converter 2~ thin a case in which bath devices i5 are fixed on
sepe,rate ba~axds. ThErefore, complicated operations far producing the
axrtenna becomes simple. According to the antenna 2D of the present
embadirnent) easy arrangement of the antenna body 21 anal the phase
converter 2~ to target positio~xs is possible. lVloxeaver, the 2D a~,tenna
20 itself can be mxx~iaturized, and fluctuation of the anten.z~a
characteristics can be repressed. Additionally, since complicated
operations for produci,~xg the a~xtenna 20 can be dissolved, the
productio~x efficiency per unit o time is improved and the casts far
producing the antenna 2Q aan be reduced. 25 When the $ntcx~na body and the
phase can.t~exter are f'~,xed 33   ox~ separate boards, there is a fear
that the relative position o the antenne, body to tk~e phase converter are
changed due to the change t~f position of either of the boards and that the
phase converter is moved to a position where the axxtenna characteristics
are lowered. if the antenna body 21 a~xd the phase converter 23 are fixed
on the same R,F bpe,~rd 11 ar in the present embodiment) the relative
position of the antenna body 21 to the pb,s.se converter 28 i,s not changed
and lot~rering o the antenna characteristics His prevented. ~.0 'x'he R,F
board 11 is a ~'TFE ar TAT resin $F board which does not affect a high
fre~,ur~ricy characteristic a the ante~,na body 21. Therefore, fluctuation
of the antenna characteristics by the RF board ~I can be repressed. The
~matexxal used or the PT, FF ar BT resin F,F board i.s expensive. Tdowever,
since the 7.fi substantial occupied area can be reduced, the consumption is
lowered corixpared to before, and thereby cost reduction is possible. ~n
the antenna 20 of the present embodiment, the antex~na body 21 is fixed on
one side of the fi,F board Xl and the 20 phase converter 23 is fixed on the
other side of tlxe ftF board 1I. Compared to a case of fixing both devices
on the same side, it i,s possible to provide a longer distance between tlxe
anten~xa body 21 and the phs,se converter 2$. Thereby, fluctuation of the
antenna chare.cteristics can be repressed and satisfactory 2b transmissic~~
and reception of the radio ws~t~e can be realized. 34   The phase converter
23 can perform phase Conversion so that the ~trst and the second si~~xals
Sa and Sb have an equal phase. Also, since the first and the second signal$
Sa and ~b have an almost equal passage loss, s, combined signal i~ato which
5 the first and the second signals ~a and ~b axe appropriately combined can
be outputted. In other wards, the phase converter 23 not aniy allows the
antenna 20 to he ~zxxniaturized, hut also maintaizxs a function of
cc~nv~erting two signals of a different phase i~xto signals of an edual
phase arid outputting the signals 10 e,s a combined signal. ''The ERP
onboard device 1 comprising the antca,na 2C? which can, be miniaturized
xequirea a sms.ller installation agate for the ~ antenna 2~ an the ~R~
board 11 compared to before, thereby allowing miniaturization of the whale
device. lVlareovex, 



1~ si~.ce the antenna ~0 can repress fluctuation of the antenna
characteristics blt the phase converter 2S, the ERP onboard deva.Ge 1 can
transmit and receive the radio iwave to and from the outside irl goad
condition and precise transmission and reception of data can be performed.
~i~ As a result, the ERP' onboard device I of tlxe present embodiment can
improve mountability eon a vehicle owing to the miniaturization) and
realize a stable ERP system awing try the improvement in precision of data
transmission and reception. Mere, zaeasurementa perl'vxmed to eonfir~, that
two 2~ sig~xals of a different phase Can be appropriately cam~bined ~y 35
setting the inner and the outer lines of the nearly V-shaped bent partioxx
of the phase convertex to have diffexent line widths axe e~p~le,ined.
'Ibc~o signals of an eqr~al phase were respectively inputted 5 to first and
second II~ ports of a phase converter, and th,e phase and the passage lass
of an output signal from a third II() port were measured. In the present
measurements of the phase and the passage lass) two types of nearly
V-shaped phase converters, as IU shown in Fig. 6A, of which line width W3.
of the first line ~~~x and the line width W2 of the third line 2Sc are
dierent, and a phase converter of which luxe width W1 is the same with the
line 'width W~ are used. specifically, the first measurement using a phase
cQnvexter of which line width 'Vi~'1 = 2.3~mm and the line width 15 W2 =
1,.50mm, the second measurement using a phase converter of which line width
Y~'J'1 = ~.3~xum and the line width ~V~ = 1.~4znm, and the third
u~easurement using a phase converter of which line width W1 = 2.dCmm and
the line width W2 = ~.3~mm were performed. 20 The i,mpeda~,ce of the line
with the line width 2.d6mm is 45.d ~ , the i~,pedance s~f the line With the
line width l.~~mm is 59.OS~, a,~xd the impedance of the line with tlxe line
width l.S4m,~oa is 62.6 ~! . The intro-line wavele~,gth L3 of the first
an,d the third lines 2S$ and ode is determined so that LS = (Jl g I 4), and
~5 the intro-line wavelength L4 of the second and the fourth lines 36   28h
az~d 2Sd is determined so that ~~ ~ ( ~ g I 8.28). The impeda~xce in the
second and the fourth lines 28b and 2~d is 37.4 As a comparison, a
measurement (reference 5 measurement) of the phase and the passage lass of
the nearly rectangular phase converter I05 as shown in Fig. 6B is also
performed. Specifically, the phase converter 105 a which line width WI t~f
the first line l.(~5a s.nd line width W2 a the third line 105c are equal to
2.UO~uux is used. The impedance of the 1d line with the line width 2.OOmm
is SQ.D S~ . In tl~e phase 



converter ll~b or the reference meastxx~ement, a11 the ~,ntra-line
wavelength r,~ of the fist, tlae second, the third and the fourth lines
7.U5a, I05b, lp5a and 105d is determined so that L5 = ( ~. g~ / 4). The
impedance in the second and the fourth lines ,051a and 15 105d is $5.45.
Fibs. ?A-TIC show the measuremexxt results with respect to the ps,ssage
loss, e,nd k`igs. $A-$C show the measurement results with respect to the
phs.se. Fig. 7A shows the result c~f the first measurement, Fig. ~~ shows
the result of the second 20 measuremex~t, ~`ig. 'lC shrrws the result a the
reference measurement, and Fig. 7D shaves the result of third ~xeasurement.
Fig. SA shows the result ref the first measurexn,ent, Fig. 8~ shows the
result c~f the reference ~xeasurement, and Fig. 8C shows the result of the
third 2~ xaeasuremexrt. In Figs 'TA-7D and 8A-$~, the measurexaent 37
result of the first signal inputted from the first ZI~ port is Shawn k~~r a
line A, and the measurement result of the secax~d signal inputted frazn the
secarxd~l!() port is shavwz~ by a line ~. ~,eferring to the measurement
results of the pe,ssage lass shown axe Figs. 7A,7D, two signals in the
first and the second measurements heal s. practically equal passage lass.
Accordingly, it is understood that the phase converters used in the first
and the second measurements can output two signals with an almost equal
passage lass and combine them IO appropriately. Specifically, in the phase
converter in, the second measurement, the passage losses of the two signals
showed an almost equal value, and the perfax~onance is alnxast equal to the
phase converter used x~, the reference measurement. Th~reare, it is
considered that the phase cazx~'erter in the seGarid I5 measurement caa
combine two signals mare preei.sely. ~n the other hand, the measurement
result in the third measurement shows a large difference between the
respective passage losses of the two signals. Therefore, it is considered
that the p$ase converter xn the third measurement has en adverse effect to
the 20 crass polarization characteristic and axial ratio. Referring to the
measurement results shown in Figs. 8Ad~, a phase differe~xce between the
two output signals (CI. ~- D1) is about 90 degrees in the first
measurement. Therefore, it is understood that the result equivalent to the
phase difference in ~5 the reference measurement (C2 + D2) can be obtained.
Al.sa in 38   the third measureza,ent, the phase difference (C3 + D3) xs
about 9I7 degrees, and the result e~,ux~ralent to the phase difference xn
the reference measurement can be obtained. In view of the measurement
results of Figs. 7A-7~ and $A-$C, it is understood tb,at even in the phase
converter farmed into a near V-shape, the equivalent phase conversia~n
quantity and passage loss try the conventioz~.e,l nearly rectangular phase
converter can be realized by setti~.g the line vridths Wl. and W2 to have
different values. Addi~tidnally, according to the other 



7.0 measurement results performed by the inventors, it is found that
setting the line width W1 so that the impedance is 4.9Zaf.1.0!0 and the
line width W2 so that the impedance is 1.~~Za~2fl% where Zp is .the
impeda~.ce of an external line aaz~nected to the phase converter enables
tb,e nearly V-sb.aped phase converter to 1~ realize the please conversion
quantity and passage loss practically equivalent to those of the
conventional phe~se converter. ~y setting the intro-li~.e wavelength in the
second and the fat~rth lines 23b and 23d to be (~1 g l 3.23), ro,are
suitable phase conversion quantity and passage loss ca~u be realized. 2U
The present invention should net be limited to the described em,bodimen.ts,
and other modificatiaris and variations might be possible without departing
from the scope of the invention. Ft~r instance, the antenna body 2x and the
phase 25 ean^verter 23 are net necessarily attached to the sides opposed to
39   each other of the RF board 11. They nxay be arranged can the same side
of the RF board 11 as shown, in Fig. 4A. In addition, the antex~x~a body 21
is not necesse.xily attached to the RF board 11 so that the respective
sides are positioned side by side to each 5 other. The antenna body 21 m,ay
be attached to the RF board 11 by tur~xi,x~g the ar~.tenna body 27, about
45 degrees, as shown in Fig. 4B. Ix~ this case, the phase converter 23
changes its position in accordance with the turn of the antenna body ~1. so
that the inner vertex of the nearly 'V~-shaped portion faces to a 10 corner
of the quadrangular a~,tenna body ~1. In tl~xs manner, the antenna body 21
a.nd the phase converter 23 can be arranged without creating wasted areas
on the board, and accordingly, it is possible to mount other devices in an
efficient manner', In Fig. 4B, the antenna body 21 and the phase converter
l~r 2$ axa attached on the same sides of the 1~,~" board 11. However, the
antenna body 21 a~ad the phase converter ~3 may be attached an the sides
opposite to each other of tlxe 1~,F board 11 as shown in Figs. 4C and 4D.
Fig. 4C shows a schematic diagram of the RF board 11, urhax~, looked froxrx
the antenna faao, and Fig. 4r1 showy a. 20 sGb.ematic diagram of the F,~'
board 11 when ]waked from the part fa~e a In the above embodiment, the
phase converter is a branch line type hybrid circuit {~dri directip~.al
coupler). I~nwever, the phase converter may be a rat race type ar hybrid
ring type hybrid circuit. 'I~pes of the hybrid circuit {3dB directional
coupler) axe 40   described in detail in "Mxcxc~wave Circuit for
~ommu~xication (Institute of Telecommunications engineers, Cd~:ona
Publishing ~o., Ltd.). the above embodiment describes the antEmxa for 5
transmitting and receiving a rigb.t-handed circularly polarized wave.
However, the antenns, of the present invention can be used s.s an antenna
for a left-handed circularly polarized vsrave. The antenna or Ieft-handed
circularly polarized ware can be 



realized by connecting the tlxixd Il0 port 28g of the phase 10 converter 23
to the dummy resiste,nce and connecting the Fourth II~ port 23h to the
signal conversiazx circuit 26. .A,s shown in F'ig. 9, by providing a second
signal conversion circuit 26 similarly ~ con.stituted to the signal
conversion circuit 25, instead of the dummy resistance, and by 'I5
ct~nnecting the second signal conversion circuit lB to the digital board
1S, an antenna ~1 which can transmit and receive both xxght-handed e,nd
left-handed circularly polarized waves can be consti.t~uted. In this case,
the signal conversion circuit 25 performs signal conversion of a signal by
a right-handed 20 circularly polarized wave, a~xd the secv~,d signal
conversion circuit 2~ performs signal conversion ref e, signal by a
left-handed circularly polarized wave. the digital board 1S is constituted
to comprise an interface for connection with the second signal conversion
Circuit 26, and the CPU of the digital board ~.3 is 25 constituted to
perform a process for transmitti~,g and receiving 41   vaxiaus infoxnxation
to and fxom the outside based on the signals respectively by right-handed
and left-handed circularly polarized wavee~ In, the above embodiment, the
phase con~rerter 28 (see Fig. 5 6A) of which, line widths WI and V'~
xespectively 4 the fixst and the third lines 28a and 28c are different is
described. However, even if the line widths W1 and W2 acre different, the
antenna of the prese~xt invention can be realized by using a phase
ca~xverter caristituted sa that two signals leading to the combined sig~,a1
10 have a~x almost equal passage lass. For instance) even if the phase
cc~~.werter shcwrn in Fig. GA has the first and the third lines 23a and 2$c
of which line widthe W1, and W~ axe the same, and the second and the fourth
li_n.es ~~b and 23d of which line widths Wa snd Wb acre different, e, phase
converter constituted sa that 15 two signals leading to the combined signal
have an almost equal passage loss can be used for the antenna ofthe present
invention. Similarly, even if the phase converter Shawn in Fi.ga 6A has the
first and the third lines 2$a and 28c with different line widths W1 and W2,
and the secau,d and the fourth li~cs 28b axrd 2$d ~0 with different line
widths Wa and 'Vi~b, a phase converter constituted so that two signe.l,s
leading to the combined signal have an almost equal p~xssage loss can be
used fpx the antenna of the presont invention. 42   Wk~.AT i~ CLAIMEfI IS:
1. A~x antenna fc~x transmitting a~xd receiving a radio wave, comprising: 



5 an antenna body far a circularly paxarized r~rave whieb, is formed into a
quadrangular lat board Ganstituted Pram an electric canductax and which
outputs reception signals of a different phase respectively fxaux two
feeding paints; and a phase coxrverter which converts the two signals of a
J.U different phase inputted from the respective feeding points of the
antez~z~a body i~,to signale of an equal phase and outputs a combined
signal i~xto which the two signals axe combined, wherein the phase
converter is farmed into a near V shape corresponding to a shape in the
vicinity o a corner portion 15 of the quadr2~rrgular arxtenna body, s.xxd
i$ arranged on nee.xly the same plane as the antenna body so that the inner
vertex of the nearly V-shaped portion faces the corner portiari of the
quadranguJ,a~r antenna body. ail 2. The anten~xa set fortlx ire claim l,,
wherein said phase converter and antenna body are farmed on the same board
so that the inner vertex o the nearly V-shaped portion of the phase
converter faces the corner portion of the quadrangular antenna body 43   3.
The antenna set forth i~x claim 1 or 2, wherei,z~ said phase converter is
farmed into a near V-shape bent in the middle of the longitudinal length of
an electric conductor foxxa,ing a long circular lane, 5 xrst and second I/O
ports into which said two sig~tals of a different phase are inputted
k~exxrg formed on the xzxner line athe nearly V-shaped bent portion of the
electric conductor in positions symmetric vsrith respect to the bent
portion and in positions where the length between the parts is about o~.e
fourth l.(J of a wavelength X g of the radio wave transmitted and received
by the antenna, a third Ilp port from which said combzned signal is
outputted and a fourth IIQ port connected to a resistor element lxaving a
resistance value equivalent to the i.~xput impedance of 



15 axe external Iine to which the third rl~ port is connected being faxpxed
an the outer line of the nearly V-shaped bent portion of the electric
conductor in positions symmetric with respect to the bent portiau and in
positions where the length between the ports is about one fourth Qf a
wavelength JL g of the radio wave 20 transmitted and received by the
antenuay a line width between the first and the second x~C? part$ and a
line width between the third and the fourth T/~ parts being determined so
that the two signals inputted to the first a~xd the second Xla part$ have
an equal passage less. 26 44   A phase converter far Converting two signals
of s, different phs,se inputted from the outside to signs.ls of an equal
phase and amtpu,tti~~,g a combined signal iota which the two sig~xals after
the phs,se caz~weraion are cambx~xed, 5 the phase converter being an
electric conductor foxmir~g a long circu~.a,x line which is farmed. into a
near V-shape bent in the middle of the lar~ghittzdinal length, first and
secora.d II(~ ports into which the two signals a a different phase are
inputted. bexz~g formed on the inner line of the 10 nearly V-sb.aped bent
pQrti,o~x of the electric Conductor in positions symmetric with respect to
the bent portion and in positions where the length between the parts is
about one fourth of a wavelexxgth ~ g of the sig~x~xl inputted from the
outside) a thixd IIO port front which said eombi~.ed signal ~.s 1.5
outputted and a fourth IIO part connected to a resistor element laving a
resistance value equiva,len,t to the input xrnpedance a an external line to
which the third IIQ part is connected being for~n.ed an the outer lute of
the nearly V-shaped bent portion of the electric conductor in positions
symmetric with respect to the bent partic~n and in positions where the
length between the ports is about one fourth of a wavelength h g of the
signal anputted from the outside, a Iine width between the first and the
second IIG poxts and a Iine width between the third and the fourth IIO
ports being ~5 determined sa that the two eigne~ls inputted to the first
arid the 45   second IIQ parts have a~x eqns,l passage lass. 5. A
commu~xi~ation apparatus'vcrlxi~h transmits and reca~.ves data tc~ and
fro~zx the outside by wary c~ a radio wave, a~mprisi~xg 5 az~ antenna far
t:~a~nsmitting anal rscsxwing the radio grave, wherax~x the antenna is one
of those anten~xas set fartlx in 
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