31 March 2006 ANTENNA, PHASE CONVERTER AND COVMUNI CATI ON APPARATUS
BACKGROUND OF THE . INVENTION 5 i) Technical Field of thes| pugaidgs This

i nvention relates to an antenna conprising an antenna body and a phase
converter, for transmtting and receiving a circularly polarized radio
wave, a phase converter wused for the antenna, and a conmmuni cation
apparatus for 10 transmtting and receiving data to and fromthe outside
using the antenna. ii) Description of the Related Art Conventionally,
there have been antennas for 15 transmtting and receiving a linearly

pol ari zed radi o wave (vertically polarized wave and horizontally pol ari zed
wave) and a circularly polarized radio wave. For an exanple of an antenna

for transmtting and regRIVERINA MB@? 1 R“I‘E@Q&di' o wave, Fig. 5D
[ referre 0

shows an 20 antenna 121 (herei nafter, to as a urth conventi onal
antenna 121 as well) conpriCShRNOMATNRQAGTORT oppAX ST med into a nearly
circular flat board, The fourth conventional antenna 121 conprises an .
external 110 term nal 107 as an interface to an external device. The
fourth ¢conventional 25 antenna 121 outputs a signal detected in the antenna
body 123 to 31 Mar cBAGHGROITND @MAHBANVENTEOMNe external /0O termninal

107, and also outputs a radio wave fromthe antenna body 123 according to
a 5 i) Technical Field of the Invention

This invention relates to an antenna comprising an

antenna body and a phease converter, for transmitting and
receiving a circularly polarized radio wave, a phase converter

used for the antenna, and a communiecation apparatus for

10 transmitting and receiving data to and from the outside using-

-the antenna.

i1} Deseription of the Related Art
~ Conventionally, there have been antennas for

15 transmitting and receiving a linearly polarized radio wave

(vertically polarized wave and horizontally polarized wave) and a
circularly polarized radio wave. |

For an example of an antenna for transmitting and

receiving g circularly polarized radio wave, Fig. 5D shows an

20 . antEnﬁa 121 (hereinafter, referred to as a fourth conventional

antenna 121 as well) comprising an antenna hody 123 formed

into a nearly circular flat board: The fourth | conventinﬁal

antenna 121 comprises an external 170 terminal 107 as an

interface to an external device. The fourth conventional

25 antenna 121 outputs a signal detected in the antenna body 123 to
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.signal inputted fromthe external device via the external 1/O termnal
107. In the central position of the antenna body 123, 5 ani @t nt 123b
is provided which is electrically connected wth a ground portion provided
on the back face of the board via a through-hole fornmed piercingly through
the board. The external I/Otermnal 107 is electrically connected to a
feeding point 123a forned on the antenna body 123 via a wire having a 10

| ength corresponding to an intra-line wavelength d g of the radio wave
which is transmtted and received. The fourth conventional antenna 121
conprising the <circularly fornmed antenna body 123 can transmt and receive
a circularly polarized radi o wave. However, a frequency 15 bandw dt h of

the radi o wavehehegteigal Bevickaamihd ektapal &?Geéé&‘?ﬂifﬁ T?gré%ﬁdn%&e?e

ot her hand, as shown in Fig. 5C, there 1s an antenna

referred to aswmptdtisral radivemive fadm €18 aMtenhblhagvyVeds) S0 an
ant enna body 103 forned 20 into a guadrangul gr flat Yb_oa?cﬁc%teggﬂdagz{tg%lna body

103 bei ng pr eigdell impittedalrbeediegeptdmial B0%sce KHADtRE WA PNEEE -
difference is 90 degrees. In the third conventional antenna 111, ine
lengths L1, L2evmingd M7.esld éhaumrieahpositive ek thenahtdd:d Hodyn ggl 107
as ‘an interface to % external device and two 25 feeding points 103a, 103b
are det er ¥ ned@™ §2Kby PUREfEidnhds 2vided cwhiepds| elegthicallyn cohhestador ds,
the third convenjional antenna 111 perforns phase conversion of two
signal s i nput b aﬁ@l‘&gp&ﬁg)&pﬂ provided on the back face of the board via

& through-hole formed p"iercingly through the board. The

external I/O terminal 107 is electrically connected to a feeding

point 123z formed on the antenha body 128 via a wire having a

10  length corresponding to an intra-line wavelength A gofthe radio
- wave which is transmitted and received.

The fourth conventional antenna 121 comprising the
circularly formed aztenna body 128 can transmit and receive a
circularly polarized radio v&ave. However, a frequency

15 Dbandwidth of the radio wave which can be transmitted and
Teceived is narrow.

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

20 . info a guadrangular flat bua_rd, the antenna body 103 being
provided with two feeding points 103a, 103b of which phase
difference is 90 degrees. In the third conventional antenna 111,
line lengths L1, L2 of two wires formed between the external 1/0

terminal 107 as an interface to an external device and two

28 feeding points 108a, 103b are determined to have different
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through different feeding points 103a, 103b by a difference of the Iline
lengths L1, L2 (L2-L1) to elimnate the phase difference af Mparkhgo® gnal s
received in the antenna body 103. Then, it can input and output a conbi ned
signal into which the two signals after the phase conversion are conbi ned
"to and fromthe external device. In the central position of the antenna
body 103, an earth point 103c is provided which is-electrically connected
to a 10 ground portion provided on the back face of the board via a

t hrough-hol e forped piercingly through the board. The third conventional
antenna 111 constituted as such is nore advantageous than the fourth
conventional antenna 121 conprising the aforenentioned circular antenna

body 123 in thalgth’. a ¥l YANER ogagd\zgih%t hpefq tc%%‘;emhﬁ?%f\% tﬁﬁlél%g n be

transnmtted and received i's w de. For an antenna conp nna

body 103 on wéfeiidphee chRSEEER:P0F Bd 9781 1ATRALL oA BEfldiaar e |

al so. an antéenna 101 (hereinafter, referred"to as Irst co al 20

antenna 101 athnoelgh) diffepsnisidigliagnheiaftsCrovL 183 952 girnesn Wo
feeding points 103a, 103b and the external 1/ O ter mgﬁ%I H‘%g?,ceatg?gﬁom in

Fig. 5A. The dhadengthseinl eL.21 (2ot to tedimingtaithbiphasd di@rahse off @
di fferent phase inputted fromthe outside into signals of an equal phase,
and out puPs dheopignedd rergived 2bthemnbennehbody 163ur ahey, of cshdaphs af ter
t he phase conversion are 31 March 2006_conbi ned. The first conventional
ant enna 101 WD aeomphaed signabringo which dhef twohsigrenpastiekhe
frequency baq&yﬁd h of the radio wave which can be transmtted and
f ecei ved ¢ phase conversion are combined to and from the external
device. In the central position of the antenna body 103, an
earth point 103c is provided which is electrically connected to a
10 ground portion provided on the back face of the board via a
through-hole formed piercingly through the board,
The third conventional antenna 111 constituted as such is
more advantageous than the fourth conventional antenna 121
comprising the aforementioned cireular antenna body 1283 in that
15 a frequency bandwidth of the radio wave which can be
trapsmitted and received is wide.
For an antenna comprising the antenna body 103 om
which the two feeding points 103a, 103b are formed, there is also
an antenna 101 (hereinafter, referred to as a first conventional
20 . antenna 101 as well) comprising a phase converter 105 between,
the two feeding points 108a, 103b and the external I/0 terminal
107, as shown in Fig. 5A. The phase converter 105 converts a
plurality of signals of a different phase inputted from the outside
into signals of an equal phase, and outputs a combined signal

256  into which the plurality of signals after the phase conversion are
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conpared to the third conventional antenna 111 which perfornms 5 phase
conversion by adjusting the line lengths of the lines fogRg,Qesomeen the
feeding points 103a, 103b and the external |1/Otermnal 107. As a result,
I mprovenent in antenna characteristics can be achieved. The first
conventional antenna 101 conprising the phase 10 converter 105, however,
occupies a larger area, due to the presence of the phase converter 105,
than the third conventional antenna 111 which does not conprise any phase
converter. The |arger the area occupied by an antenna is, the |arger space
for installing the antenna is necessary. Therefore, an antenna 15
conprising a phase converter has limted uses depending on the

i nstal | ati on cpabineddr G0E firss i dde& citeo R4l %ﬂ%@nﬁ%”'&bilswﬂt WG ?Eﬁgna body
formed into a flat board is conparatively thin an reqwreé’ ORIy & Csmal |

install ati on ppasecontetiendi0s cahdurtictveefaind thefrLRIBANY B2RaAGIqAPPar at us
for transmtting and receiving data through a radi o wave, for exanple.
Anong t he comfuriheattiaglio apper awlkels whhh e bttsherhittad!l @R ddeciied f or m of
a flat board, there_is a conmunication api)ar atus conprising a‘phase
converter in ‘omaBaTed torthesthirdasnnvaddonel amxtadinm 14%evhiciapefdmeader
frequency w dt h. Howeyer, K such,a comruni cation 31 March 2006 apparat us

requires §ga-n T G LFTe kﬁrﬂﬁiﬁ@ngathénﬁm tlhegthat efinthedUéné t he
phase Conver b ok i B Lindbes st SoB RN Rl shcaiommaroeL
onboard /O terminal 107.  As a result, improvement in a:ntennﬁ
characteristics can be achieved.
The first conventional antenna 101 comprising the phase
10  comverter 105, however, occupies a larger area, due to the
presence of the phase converter 105, than the third conventional
: antenpa 111 which does not comprise any phase converter. The
larger the area occupied by an anteﬁna i.s, the larger space for
installing the antenna is necé"ssary. Therefore, an antenna
15 comprising a phase converter has limited uses depending on the
installation gpace.
Moreover, since the antenna comprising the antenna body
formed into a flat board is comparatively thin and requires only a
small installation space, it tends to be included in a
20 . communication apparatus for transmitting and receiving data
through a radio wave, for example. Among the communicatiunr
apparatuses with a built-in antenna in the form ofla flat board,
there is a communication apparatus comprising a phase

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

25 broader frequency bandwidth. However, such a communication




5 device for use in an ETC (Electronic Toll Collection) systemand an ERP
(El ectronic Road Pricing) system Since such an onboard geyisé 2606
provided' in a vehicle where the installation space is |imted, there is a
hi gh demand for the mniaturization. It is well-known that the position of
t he phase converter 10 105 arranged in relation to the antenna body 103
affects the antenna characteristics of the antenna body 103. In other
words, the first conventional antenna 101 havi ng the phase converter 105
arranged in a position adjacent to a corner of the quadrangular antenna
body 103 (see Fig. 5A) has less influence 15 to the antenna characteristics
ow ng to the phase converter 105 than the second conventional antenna 109

havi ng t he phap®ara®ayefdcafird® torhna e o Sty hacgent si de
of the quadr angaar anterf%grbody 103@(9.2%%@@;?35&%1%# m%%suz?ésgef’%&gg to

el ectric fieldntdhsirdbetodcheapbass coNferi, anderigs Dothivd 98128 the

electric field distribution, regions in the vicinity of the center of the

si des of the quadradgi @ kawenplieglnf thectomminiebtion aith40gh@NwikR Lhe
vicinity of the ends of the sides of the quadrangle have |ow electric
fields. In or 88iltip gogennadn the form oBacBat boand, éhees s aurf babdard

di stri bution, .1 s, desiragble t 25 the phase converter 105 is arranged

in the vidni F%z‘%b‘?e forcpradr an BEC\Hilestroos Teld Galdertinn) eyebemeande
electric field_i w..Since flugtuation .in the electric field
di stribution PHf mﬁpéﬁﬁﬁ@%‘ﬁ? eﬁt‘?&ﬁ chCREervsters, thinghaswlcommert er
103 wher et nePBOaREd Poep T pHo B eRREE A RaghiBlE whers ibpuindlelintione.
ant enna space 1§ limited, there is 2 high demand for the miniaturization.
It is well-known that the i:osition of the phase converter
10 105 arrangéd in relation to the antenna body 103 affects the
-antenna characteristics of the antenna body 103. In other
words, the first conventional antenna 101 having the phase
converter 105 arranged in a position adjacent to a corner of the |
quadrangular antenna body 103 (see Fig. 5A) has less influence
15 to the antenna characteristics owing to the phase converter 105
than the second conventional antenna 109 having the phase
converter 105 arranged in a positiun adjadent fo a side of the
quadrangular antenna body 103 (see Fig. 5B).
This is related to electric field distribution around the
20  antenna body 103. 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

25 the phase converter 105 is arranged in the vicinity of a corner of
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.characteristics. However, conparing the area occupied by the antenna body
103 and the phase converter 105 in the first conventional 31 aMeRde06l01 to
the area occupied by the sanme in the second 10 conventional antenna 109,
there is a relation of "Al > A2" between the respective vertical
~dinmensions, and of "Bl > B2" between the respective transverse di nensions.
From the above, it is understood that the substantial area occupied by the
first conventional antenna 101 (Al X Bl) is larger than the 1'5
substantial area occupied by the second conventional antenna 109 (A2 X
B2). Accordingly, the first conventional antenna 101, in which the phase-
converter 105 is arranged around the antenna body 103 in a position

dj t ot f I .04 5A) to.
he i nf uenceths T npayhiRe PhRMaEels BEIT o8 o8y e HSeiRtoR | or ge
. . Additi | 1.el f: [ ' I
antonna 101 |00 GRSt tet Ao rheranarid hiBenskE i dREP ARG

bet ween the phhGgasRIIAILET 1RO RAL tcbsﬁveffl%xefi@% 99@?%@%‘,?%@? ghgre in

the central portion of the 25 l'ongitudinal Tength o converter

105. However, pbbiti6n 3kljMaeah t3Q0Goh&t aNERei HnlcM4 %%’&'ﬁ’lbgrwhl%?e kagh end
-portions of the |longitudinal |ength of the phase converter 105. I'n other

words, wdst edlespanedicdde igrivat eth hepween e in€he M@ tto0HEe Ohnt&8na
| ongi tudi nal |length of the phase converter 105 and the antenna body 103,
resul ting in tharachesistiem occupi ed by the antenna as a
However, compariné the ‘area occupied by the antenna
body 103 and the phase converter 105 in the first conventional
antenna 101 to the area occupi;ad by the same in the second
10 conventional antenna 109, there is a relation of “Al > A"
“between the respective vertical dime.nsions, and of “B1 > B2”
between the respective transverse dimensions. From the above,
" it is understood that the s’uhstanfial area uécupied by the first
conventional antenna 101 (Al X Bl) is larger than the
16  substantial area occupied by the second conventional antenni
109 (AZ X B2). Accordingly, the first conventional antenna
101, in which the phase converter 105 is arranged around the
antenna body 108 in a position adjacent to a corner of the
quadrgngle'(see Fig. 5A) in order o repress the influence to the
20 - antenna characferistibs, occupies a further large area,
Additionally, the phase converter 105 of the ﬁrst.
conventional anmtenna 101 is formed inte 2 near rectangle,
Therefore, the distance between the phase converter 105 and the
antenna body 103 can be short in the central portion of the

43} Iongitudinal length of the phase converter 105. However, the
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whol e i's enlarged. SUMVARY OF THE | NVENTI ON Enbodi ments of the present

i nvention seekgto provide an 10 antenna conprising a phasngQ%%EQg@;,.mh!ch
can repress an influence by the phase converter to antenna characteristics
of an antenna body as well as reduce an area occupi ed by the antenna, and
to provide also a phase converter for realizing the antenna and a _
conmuni cati on apparatus constituted using the antenna. 15 20 25 According
to a first aspect of the present invention, there is provided an antenna

. i VST > PR dy
ransmtting, and receiving a radi o wave, conprising: an antenna bo
o & oy v Y formed into a quadrangul ar f|l at

e . Coh i

board const { BSEIFoniGn RPELaPIE lesed st obotind i chovtiopst sof cteet | or
[ I f | ent ase . respectively fromtwo feeding points; and a
Shase convert SyafiEinal 185EH: o Wech e Sogarionl 0. diler il wewdes

Cignal s of an"Euusl BRAcet e BERHAH.BaLTERn! helh SalaborAOBSWAE Whe he 1o

-signal s of an equa e |

V- Shape cor rconbparagnal RESEU of Y BARGC RGO 205,280 e pseriion of

V- shape .corr espondi ng

Lhe, duad anouboay ey Ban S Bo AR RN ISP Y Mlgrasete P oo

as the antenna body so that t I nner

portion faceswhiodedoreiflargd®rti on of the quadrangul ar antenna body. 31
" March 2006 The antenna body outputs reception signals of a different

SUMMARY OF THE INVENTION

Embodiments of the present invention seek to provide an
10  antenna comprising a phase converter, which can repress an
influence by the phase converter to antenna characteristics of an
antenna body as well as reduce an area occupied by the antenna,
ax;d to provide also g phase converter for i'ealizing the antenna
and a co_mmunication‘apparatus constituted using the antenna.

15 .
: According to a first aspect of the present invention, there is

provided an antenna for transmitting and receiving a radio wave,
comprising: an antenna body for a circularly polarized wave which is

- formed into a quadrangular flat board constituted from an electric
conductor and which outputs reception signals of a different phase

‘20 ' respectivply from two feeding points; and a phase converter which
.converts the two signals of a different phase inputted from the respective

- feeding points of the antenna body into signals of an equal phase and

~ outputs a combined signal into Which the two signals ére combined,
wherein the phase converter is formed into a near V-shape corresponding

| to a shape in the vicinity of a corner portion of the quadrangular antenna
25 body, and is arranged on nearly the same plane as the antenna body so
that the inner vertex of the nearly V-shaped bortion faces the corner

portion of the quadrangular antenna body.
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phase fromtwo feeding points, respectively. The phase converter converts
the two signals of a different phase inputted fromthe rgfgﬁﬁgimﬁmfeeding
poi nts of the antenna body into signals of an equal phase, outputs a
conbi ned signal into which the two signals are conbined. In other words,
since the phase converter is forned into a near V-shape corresponding to
the shape in the vicinity of the corner portion of-the quadrangul ar .
antenna body, it can be arranged adjacent to the antenna body. The antenna -
conprising such a -phase converter can prevent creation of wasted spaces
bet ween the phase converter and the antenna body. Accordingly, by
elimnating the possible wasted spaces, the substantial area occupied by

t he antenna body and t he phase converter can be reduced, and

m niaturization of the antenna can be realized. The expression "the antenna
body and the phase converter are arranged on nearly the sane plane" neans

not only that they e arran t he ,same pl ane, but al so that
t he ant enna body isl]-‘?Jo SPH # éeqqpiﬂonérseaqefg differenoar d)

d the ph h k side of -th d, | h
ords, the. oRbaita <o vE0 ;f‘%%ﬁ%n*p@ﬁnﬁacaa%e%rﬁrq&eep Y mﬁgr?éref
arranged Si decfyv&iide fmﬂ‘gkiﬂsséﬂeg%o Eyg\i/ﬁ ?ﬁ%ggéff'l?nt e{]P@a bet weern Bé 9

t he thickness of the boar I's regar
B cn, D e AR o A 1
ant enna . body signals of an equal phase,.and outputs a combined signal into
| which the two signals are combined.
- In other words, since the phase converter is formed into a
near V-shape corresponding to the shape in the vicinity of the
_corner portion of the quadrangular antenns body, it can be
arranged adjacent to the antenna body. The antenna
cOmprising such a -phase ‘converter can prevent creation of
wasted spaces between the phase converter and the antennsa
body. Accordingly, by eliminating the possible wasted spaces,
the substantial area occupied by the antenna body and the phase
COnverter can be reduced, and nﬁiniaturization of the antenna
can be realized. J
The expression “the antenna’ b‘ody. and the phase
- -converter are arranged on nearly the same plane” means not only
~ that they are arranged on exactly the same plane, but also that
' the antenna body is formed on one side of a flat member (c. 8- the
board) and the phase convexter is formed on the back side of the
.'board. In other words, the. antenna comprising the antenng

' body and the phase converter arranged side by side with a slight
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5 to the phase converter nmay be determ ned so that the inner vertex of the
nearly V-shaped portion of the phase converter faces a caqj Phodehe
~quadr angul ar antenna body when | ooked through the flat board toward the
per pendi cul ar direction. Furthernore, since enbodi nent of the antenna of
the present invention 10 is adapted to arrange the phase converter in the
vicinity of a corner of the quadrangul ar antenna body, the influence to

el ectric fields around the antenna body can be reduced and the influence
to the antenna characteristics by the phase converter can be repressed. 15
Accordi ngly, enbodiment of the antenna of the present invention, even when
provi ded withs: se converter, capn.repress the influence to the

ant enna char Qé%%r%i"g??‘%{“%?“t ﬁ%'ganﬁ%ﬁg“%’é%?owf the oard tomegardedas wel |
as reduce th C:UDI.e .yt is preferable that the_antenna body is
formed into a Eﬁg&ug?gﬁﬁﬁa\;\hﬁcﬂ’ﬁ gﬁg’ﬁ’f‘? Mgsepi creniden. t Wghganﬁ\(én or der
to transmt @he 8L 1,0, 3% in_gopd condition. The _antenna body
in the formof a squaP§§aﬁ%@et%$¥$SSHgﬁﬁ hargsrrgpeedgndey siddet ect ed
in the respecitlietNebbhe@betReeh! | rection 0 be conforped to
each other, and thereby 258traﬁsm%§§%§%§§X dr?%sgglpﬂq Bﬁﬂéﬁ' a‘ﬂ"ﬁ@”%‘?r Brly
pol'ari zedSwave the PhadkrEdhwvPsr BRapehkO s p l1S].0 ‘.In order to
arrange the antenna body and fhe phage Bcg%ée?ﬁg{rlgflné‘g&eh b gb?n HUex |

posi tions, twertex erfnéhbonyardpdVi-5RapelassrGepY gkt e ofi
respectively onto a nedium5 nenber ]fjradel§0¥ an insu ea[@%a%atcé#lﬁggife%i ch

fits into théaegmeecorner of the quadrangular antenna body when looked

through the flat board toward the perpendicular direction.
N Furthermore, since embodiment of the antenna of the present invention
10 is adapted to arrange the phase converter in the vicinity of a
coxner of the Aquadrangular antenna body, the influence to
electric fields around the antenna body can be reduced and the
influence to the antenna cﬁaracte:istics by the phase converter
can be repressed, 7 | |
15 Accordingly, embodiment of the antenna of the present invention, even
when provided with the phase converter, can repress the
A inﬂuence to the antenna charactefistics of the antenna body by
the phase converter as well as reduce the occupied area.
It 1s preferable that the antenna body is formed into a
20  square of which length and breadth are the same in order to
transmit and receive a radio wave in good cbndition. The
antenna body in the form of a square allows the freqﬁency bands
of radio waves detected in the respective vertical and transverse
directions to bg conformed to each other, and thereby

20 transmigsion and reception of the circularly polarized wave can
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bet ween the antenna body and t he phase converter, for exanple. For another
exanpl e, the phase converter and the antenna body may be B?W&?ﬁbé he sane
board so that the inner wvertex of the nearly V-shaped portion of the phase
converter 10 faces to a corner of the quadrangul ar antenna body. |n other
words, since the antenna body is fornmed into a flat board, the attachnent
of the antenna body to the board is sinple. Mreover, since the antenna
body and, the phase "converter are fixed on the sane board, relative
positioning of 15 both devices can be easy conpared to a case where both
devices "are fixed on separate boards. Therefore, conplicated operations
for produci ng tenna_are eased, Accordingly, enbodi nents of the
~ present i nventﬁ%ﬁe’gﬁﬁﬂ?e&‘?%ggp@r@%nent of the antenna body and, the

phase converter to y Ooé,grge posi tions, thereby allowi ng mniaturization

|

“of the antenna, and al s P p%%s%’é‘?qg%cﬁl}?atqwn&a thfslyarardnthe phase
oroduci g & he omrefb f SR8eYorRIEq sl Lo che i tamne by Aper thani ¢ of
time can be ipagav C Fale] sts_for. producing the 25 antenna
can be reduceg@fg %%nwﬁé?%ﬁz%géﬂﬁ%nﬁﬁ??aﬁﬁsgﬁﬁé’% yoﬁ‘ﬁﬁgf"hé“ﬁﬂa%@ ,
converter Brenfdnber RAds VAR Rs ARN I m 41354 gﬁ'@%ﬁg@?ﬁé&%ggpgﬁpﬁhange

antenna body to the phase converter nmay chan

of one of thbetwaentheetonid®ody Snd FRAHL ¢Qaverter 5 may
be noved to a position where the arslﬂt enna ch r%ggnemralhgtgrgég%gr exampfe.

For another example, the phase converter and the

antenna body may be formed on the same board so that the inney
vg;:tex of the nearly V-shaped portion of the phase converter
10 faces to a corner of the quadrangular antenna body.
q In gther words, since the antenna body is formed into a
flat board, the attachment of the antenna body to the board is |
simple. Moreover, .since the antenna body and the phase |
| converter are fixed on the same board, relative positioning of
15 both devices can be easy cbmpared to a case where both devices
are fixed on sgparate boards. Therefore, complicated operations
forr producing the antenng are eased.
Accordingly, embodiments of thé present invention enable easy
arrangement of the antenna body and the phase converter to
| 20  target positions, thereby allowing miniaturization of the antenna,
and also represses fluctuation of the antenna characteristics.
Adcélitionally, gince the complicated operations for p?oducing the
a_nt'enna can be dissolved, production éfﬁciency per unit of time
can be improved, and accordingly, costs for produéing the

25 antenna can be reduced.
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are | owered. Enbodi nents of the present invention prevent the relative

position of the antenna -body to the phase converter from angi by
fixing both devices on the sanme board. Consequently, Iomé?ﬁ%arg?&@%e
antenna characteristics can be 10 prevented. It is preferable that the
board is nade of a material which does not influence the high frequency
characteristic of the antenna body. Then; fluctuation of the antenna
characteristics by the board can be prevented. Such a board is expensive.
15 However, enbodi ment of the antenna of the present invention can reduce
the substantial occupied area. Therefore, consunption of the board can be
reduced conpared to fore, and cost reduction can be achieved. It is
preferable that a | a %bh@@ntgnmmbbdgmﬂm'tmmamoﬁ&m@i erBapRarly and
t he phase converter in otder to repress the influence to the antenna

charact eri sti &8 STR8raoPeardpethamedatixetmonitivn ob¢hbi aetenmm badysigle and
side of a board. In this

t he phase conygrter my be fixed on the qther
t he ?E&é@‘%‘f ﬁé’é‘ﬂe’ft?‘?g WAY, g apediocthanpositase changerdfond s 25

manner,

enl arged and i of f:he apt enna characteristics can be-11 31 March
%_k“%é"%tog?'as 'Itl%‘?'nan P8 Z%Br ré@é’p?h%mbﬁsa gsohwertsaves in

2006 represse ccordingty, ,
preferable that the

good condi§i ofy&RhdSnAeHE %Y ng&%g%cg}:'l %ﬁ?ﬁg tbhgglg%%ﬂger;h%qaqtgri@&cgrm'ned.

rel ative position of the anten

so that the ippelowdeliex ; L - d nortion of 1he phase
converter faces a corener ngéodlﬂ?entgg?tﬂlé’p}/esselﬁ?l?l?vexﬂmn prevent t]tle relative

position of the antenna -body to the phase converter from

changing by fixing both devices on the same board.

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

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

15, However, embodiment of the antenna of the presert invention can reduce the
substantial ogcupied area. Therefore, consumption of the board
can be reduc_:ed compared to befdre, and cost reduction can be
achieved. | |

It is preferable that a Iar_ge space is provided between the

20  antenna body and the phase converter in order to repress the
_inﬂuence to the antenna characteristics, The'relfore, the
antenna body may be fixed on one side and the phase converter
rmay be fixed on the other s.ide of a board. In this manner, the
space between t_;he antenna body and the phase converter is

25 enlarged and fluctuation of the antenna characteristics can be
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t he quadrangul ar antenna body, when | ooked through the board toward the -
per pendi cul ar direction. A phase converter 105 (see Fig. 6Bwireh sgupstituted
froman electric conductor formng a nearly rectangular circular line. 10
Four /O ports are provided in positions dividing the line ,extending to
the circunference of the electric conductor into four separate sections so
that the respective intra-line wavelengths are equal to "Ag/ 4" (Agis
an, intra-line wavel ength of a radio wave transmtted and received). The
intra-1ine wavel ength 15 does not nean a wavelength in a free space but a
wavel ength of a signal within a transm ssion line. The four 1/0 ports
includes first and second I/0O ports 105e and 105f through which two ,
signal s of a uepressedt pAaserdimely npanbesissiod hindl 1d i 4D5Gidihr ough
whi ch a conbi ned signal 20 is outputted, and a fourth I/0 port 105h which
i s connected W@V#s 1Rsgeadreaxidibion caaw ibeg ashiemidst abe ethial veseqif dgl ent to
the input i nBe%an%g of ,an external line to which the third I/O port is
connect ed. | nPrEferable dhathe relative posidoneceiotee ambepaa bodgse thed 105f
are next to eagh otherv ﬁnd .thg %hird acﬂd t he fogrt_h 1/0 25 ports 105g and
105h are nextPPESBAHGHRET 18 0¢tedpinghsor bat thesimmer serbenef thered
between t fj econd I/ orts 105e and 105f and a third |ine
105¢ forne%g biél{eévie'l nvg#égﬁ?‘f?lp(?rgr?dl Pf&ﬁfecﬁﬁ?w FPRYeIIST Iaceg s} caraen 9bh are
formed respeciid gk | 1. .neywi di h =V\P) . h hase
converter 105 coﬁverdfr gn \Igg%ﬁgﬁ‘?&opog&’ when iOOk%\alEhrgugﬁ tha“bbart
toward the perpendicular direction. |
A phase converter 105 (see Fig. 6B) is constituted from an
electric conductor forming a nearly rectangular circular line.
10 Four I/O ports are provided in positions dividing the line
.extending to the circumference of the electric conductor into four
- separate sections so that the respective intra-line wavelengths
are equal to “Ag / 4™ (A g is an intra-line wavelength of a radiq
wave transmitted and received). The intra-line wavelength
15 does noi mean a wavelength in a free space but a wavelength of a
signal within a transmission line.
The four /0 ports includes first and second /O ports 105e
and 106f through which two signals of a different phase are
 inputted, a third 1/0 port 105g through which a combined signal
20  is outputted, and a fourth I/O port 105h which is connected to a
- resistor element having a resis‘tance value equivalent to the
input impedance of an external line to which the third /O pozt is
connected. In this case, the first and the second I/O ports 105e
and 105f are next to each other, and the third and the fourth /0

25 ports 105g¢ and 105h are next to each other A first line -105&

12




di fferent phase which are inputted fromthe first and the second 1/0O ports
105e and-105f .into signals of an equal phase, and out putsg paeR BB ed
signal into which two signals after the phase conversion are conbined to
the third I/O port 105g. 10 A phase converter to be provided with the
antenna of the present invention nust be in a near V-shape. However, if
the aforenentioned phase converter constituted fromthe electric
conductor formng a. nearly rectangular circular lime is bent in the
m ddl e of a pair, of lines corresponding to the |ongitudinal 15 | ength of
t he near ‘rectangle (the first and the third lines 105a and 105c), the
nearly V- s-hapeg 1pha ire[%onverter can be realized. In this case, the first
and the second® é weed bitg Srstwand thesecondl1/0 goffrl66e nihaosdr e
respectively inputted. are forned, on the inner line of the nearly V-shaped
bent portion oflgﬁr?e ’é%ﬁfqr% fosmast between phei thiod and the fouet WD
respect to the o@esmiﬁﬁ of %hﬁq ent'pgcgtio . The third and the fourth I/0O
ports are forhed on PReABOEP 3¢ Hrpead rrepaciivelghimdwysoan equal t he
el ectric cond Mord L symmetric with respect to the -center of

| BSldHP AR WIL,

t he bent portion. wever, nply bendi ng the nearly rectangul ar phase.

13 31 Marclg 2006 co t u [ l engths, in, the Lnney and the °
"Fab, Phab@ Tetkhfer (f155 . BRHY SRS, S ResiGBRIEs Ok 1R | ne

~ outer lines -of the bent porti

beteen the {14 e 0uac dCIAIARITr) 1R 50 BENNLpeddis '
result, the |ilH© lpests HONeREN (8Tinto signals of an equal phase, and
outpute a combined signal into which two signals after the phase
?qnversion are combined to the third I/O port 106g.
10 A phase converter to be provided with the anfenna of the
_present invention must be in a near V-shape.  However, if the
aforementioned phase converter constituted from the electric
conductor forming 2. nearly reétgngular circular line is bt—'.;nt in
the middle of a pair of lines corresponding to the longitudinal
' 15 length of the near rectangle (the first and the third lines 105a
and 105c), the nearly V.shaped phase converter can be fealized.
'I:; this case, the first and the second /0 ports to which twao
signals of a different phase are respectively inputted are formed
on the inner line of the nearly V-shaped bent portion of the
20 ~ eleetric conductor in-positioﬁs symmetric with respect to the
center of the bent portion. The third and the fourth 170 porté '
are formed on the outer line o“f fhe nearly V.shaped bortion of the
electric conductor in positions symmetric with respect to the
center of the bent portion,
: 25 . However, simply bending the nearly rectangular phase

13




respective I/O ports are different, and the phase conversion quantities
and passage | osses are affected due to the unbal anced in%ﬁMirEﬁ‘?OOG
S.

wavel engt h and i npedance between the 1/O ports of the two signa
Consequently, neither appropriate phase 10 conversi on nor conbination can
be perfornmed to the two signals of a different phase. In the antenna
according to enbodi nents of the present invention, the phase converter is
constituted froman electric conductor formng a long circular |ine which
is bent in the niddle to forma near V- 15 shape. The first and the second
/O ports to which two signals of a different phase are inputted are
formed on the inner line of the nearly V-shaped bent portion of the

electric condfOPTPTIST CHBses thanding lengtticimiha ingopenid thetdigesanies Of
ons_where the length between the ports is

the bent porti d i L
out one 20 Fub GHnt, PREGON. #: e AlifTerent. r ki othme wardss rilid Edhend

about one 20
recei ved by t nja. ~lhe third I/O part fromwhich the conbined signal
is outputted Z%g% tﬁgl ﬁb%ﬁrﬁglq‘ﬁ ﬁgPtseé@Hﬁ]eyt‘%@%S and ébedive beiterneni
havi ng a resi upval.en o the inQut inpedance of the outer
line to whi ch%%ﬁgq’tqﬁ‘ﬁad"‘j‘?/%%pg‘%‘fr@si’g Ra¥hR evice lormeds by heeodifferemiut er
s oot 1 e el hgped A 41 ABE 2000 DeR 1RREb el s, Bhern ©

conductor in-positions symetric w r
portion and i Pegesitived IOV bet wge he,ports is ahout one
fourth of the waveform A § o?st#gr%%ﬁ%le\%g%é%aﬂg 'Ppgﬁeaﬁﬂu’i’%??é?@ed by
the antenna. -guahtitiigiahdaiaddsped I¥8eb o eRMa bR HikSto AN iSIS850R /O

ports intra-line wavelength and impedance between the I/O poris of
tl}'ﬁ" two signals. Consequently, neither appropriate phase

10  conversion nor combination can be performed to the two signals

of a different phase.
In the antenna according to embodiments of the present invention, the

phase converter is constituted from an electric conductor forming

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

16 shape. The first and the second J/O ports to which two signals
of & different phase are inputted are formed on the inner Line of

thf._a nearly V-ghaped bent portioﬁ of the eiectrié conductor
positions symmetric with respect to the center of the bent portion

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

20 fourth of a wavelength A g of a radio wave transmitted and
received by the antenna. The third 1/O port from which the

| combined signal is outputted and the fourth 1/0 port connected to

& resistor element having a resistance value equivalent to the

input impedance__ of the outer line to which the third I/0 port is

25  connected are formed on the outer line of the neazly VQShaped
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and the width of the line between t_hé third and the fourth I/O ports are
. determned so that the two signals inputted to the first 3?%&%1?5% cond

I /O ports have an al nost equal passage |oss. Such an arrangene the I/0
ports allows the nearly 10 V-shaped phase converter to convert two signals
of a different ,phase into signals of an equal phase as well. Furthernore,
since the wwdth of the |line between the first and the second I/O ports and
the width of the line between the third and the fourth I/O ports are
determ ned so that the two 16 signals inputted to the first and the second
|/ O ports have an equal passage |oss, a conbined signal into which the two
signals after the phase conversion are_ appropriately conbined can be
out putt ed. ThBephboxtigmef vhe eleniyithcandndtwdnopes timsepm @it #@th 20
ports of the two signals can be adjusted by formng the inner and the
outer |ines of¢§RREInEmthe apndgs nddthse henp arantom enhanepositiviherwhers i ne
w dt hs, for éxanple. Jn this nner, by adjusting the line widths of the
respective |i ﬁé@e?ﬁhz’eﬁgﬁ%? PBrf@on&"Qut o6 Tougihlof tdfe waweforer ent
phase to signgl f.oan_egqual phase, 25.adj,ust .t he passage ] osses of - the two
signals to beie%t?glt,h%aﬁ%&ﬁqs@Vﬁwgﬂgﬁhﬁ?gﬁecﬁgﬁ%‘i&%% SARERA; nt o
. Wwhich thegt ' r, 4 S nver si on.ake appropriatel
" conbi ned, iﬂ%ggﬁg%ﬁ ;i/]&.iﬁles%g%ebo& P aegle%‘g%fbteqﬁ:t%?dath?esg‘?%ﬁw@ﬂ?r t he
inner |ine ofghRetRERFidRR! b i 0.N3aVi8. -t Re_ ] a 1.0.970" and
the line width of the outer ??%elﬁéq}&tﬁeh tH8 ik BCah N RS Gek 1Y :
ports are determined so that the two signals inputted to the first "
and the second I/O ports have an almost equal passage loss.
Such an arrangement of the /O ports allows the nearly
10 V-ghaped phase converter to convert two signals of a different
phase into signals of an equal phase as well.
Furthermore, since the width of the line between the first -
and the second I/O ports and the width of the line between the
third and the fourth I/Q ports are determined so that the two.
16 signals inputted to the first and the second I/O poris have an
equal passage loss, a combined signal into which the two signals
after the phase conversion are zippropriately combined can be
outputted.
The intra-line wavelength and impedance between, the I/O
20  ports of the two signals can be adjusted by forming the inner and
- the outer lines of the nearly V-shaped bent portion to have
different line widths, for example. In this manner,. by adjusting
the line widths of the respective lines, it is possible to convert
two signals of a different phase to signals of an equa'lr phase,

25  adjust the passage losses of the two signals to be equal, and
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of the bent portion is set to have the inpedance "I.25Z0" where Z. is the
i nput i npedance of the external l|ine. Adjustnment of the rgfﬂﬁﬁﬂi%@mphase
conversion -quantities and passage |osses of two signals of a different
phase can be also 10 perfornmed by adjusting the intra-Iline wavel engths of
the lines fornmed between the first "or the second 1/O port and the third or
the fourth 1/O port. For exanple, when the first and the third 1/0 ports
are next to. each other, the Iine length may be - set so that the
intra-1ine wavel ength in the line between the first and 15 the third I/0O
ports is'equal to ".l g/ 3.23". The conversion point of the line width

(that is, the__j dance conversion point) in the circular line is not
limited to tﬂ‘éﬁg‘gﬁ% it éawﬁointq@hm Bt &wo sigoele @ftex ¢hedi ngl y,
enbodi nents o . invention enahle two sjgnals of 20 a different
phase to haveﬁgﬁggqﬁﬁﬁggﬁﬁrq BE’EIQBH“’&PE% cé’l‘i%ﬁﬂ » ithéheinearly Vo be .
converted intgﬁﬁ,g&zﬂﬁa&‘ iy gl " phase even when the nearly rectangul ar
phase converter is transtorned Tnto a near V-shape. As a result, it is

possi bl e to out put @heoRkENS | 1,0t Lche L1heqt signals af{er the
phase conversion are 25 appg%%l%g?g{a;}h@g%bﬁﬁga&%gf% 193he% SRk cor di ng

: 5d - 4 i i i ' . ph
(0227508, aahavo shollepaentero e dhi o JHIF LGS (RYBN R ALRleoS

converter for converting two signals phase”i from

the outside taf thiegheht poktioh isemitao RARE ThaTshmed Pitd 1252, HILeY, St gnal
onol ned,

into which the two signals after the phase conversion are®c
' is the input impedance of the external line.

Adjustment of the respective phase conversion gquantities

an passage losses of two signals of a different phase can be also
10 performed by adjusting the intra-line wavelengths of the lines
furmed between the first or the second I/0 port and the third or

the fourthl 1/0 port. For example, when the first and the third

I/O ports are next to.each other, the line lengfh may be set so

that the infra-line wavelength in the line between the first and'
18 the third I/0 ports is equal to “ A g/8.28".

The conversion point of the line width (that is, the
impedance conversion point) in the circular line is not limited to
the portion where each of ‘the 170 ports is formed.
| Accordingly, embodiments of the present invention enable two signals of
20 a different phase to have an equal passage loss and al=o enables
‘the signals to be converted into signals of an equal phase even
when the nearly rectangular phase converter is tranéformed into
a near V-shape. As a result, it is possible to output a combined
signal into which the two sign.als after the phase conversion are

25  appropriately combined.
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5 the phase converter being an electric conductor formng a long circular
line which is formed into a near V-shape bent in the ”1d@h@ﬁ8£h§ﬂﬁi'

| ongi tudinal length, first and second 1/O ports into which the two signals
of -a different phase are inputted being formed on the inner line of the
10 nearly V-shaped bent portion of the electric conductor in positions
symmetric with respect to the bent portion and in positions where the

| engt h between the ports is about one fourth of a wavelength A g of the
signal inputted fromthe outside,. a third 1/0 port from which said
conbi ned signal 1s 15 aut putted and a fourth 1/0 port connected to a
resistor el ement - AP80rAPS e seapRe dapaet eduthalrsasend (RBenHisR:

i mpedance of L7 ext ernal lii ne.to which tge third |/ .porh i S conagect ed
berngfor methe dheTsiided, £ i EhEVAE [N LenxpEl MR kY oS o
electric congect AifibReRPHHALNPUETES EemA ARSREC ol AekiAs 2k bANt
portion and i'n positions where the |length between the port's 1s about one
fourth of a equelegrlghise Argl outpietimgrakominicidedigiabimthevividlisitle, a |ine
wi dth between the first and the second I/O ports and a |line width between
the third anéwondignalstafter Ohsap haspaiomyerson ¢gareeqmbétedo that the two
signals inputted to the first and the second I/O ports have an equal
passage |%®ss. 17. éhemﬁiw‘ewrtﬁwepna@@&wm eondantdrefarsethd ar ot her
pur poses besides.the aforenentjqQned antenna. It can be advant ageous when
it is diffic ?’E‘gtcbf%lﬁﬁarlb%e {’T"E’édédﬁ eredrattor ey V-shape bent in the

middle of the longitudinal length,

t he

first and second I/0 ports into which the two signals of a
different phase are inputted being formed on the inner line of the
10 nearly V-s]iﬁped bent portion of the electric conductor in
positions symmetric with respect to the bent portion and in
positions where the length between the ports is about one fourth
of a wavelength A g of the signal i_npufted ﬁ‘om the outside,.
a third 1/0 port from which said combined signal is
15 outputied and a fourth I/0 port connected to a resistor element-
having a resistance value equivalent to the input impedance of
an_externa.l line to which the third /O port.is connected being
formed on the outer line of the nearly V-shaped bent portion of
the electric conductor in positions symmetric with respect to the
- 20 bent portion and in positions where the length between the ports
“is about one fdurth of a wavelength Ag of the signal inputied
.from- the outside, |
a line width between the first and the second I/O ports
and a line width between the third and the fourth 1/O ports béing '

26 determined so that the two signals inputted to the first and th
second I/0 ports have an equal passage loss. |
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rectangul ar phase converter due to a narrow space. It can also 5 perform
appropriate phase conversion to two signals of a differens§pphasgogst ransmt
the signals haV|ng an equal passage |oss, and perform appropriate signal
conbi nation; I n another aspect of the present invention, a conmunication
apparatus for transmtting and receiving data to 10 and fromthe outside
using a radio wave is provided, which conprises the aforenenti oned antenna
for transmtting .and receiving the radio wave. In other words, the

af orementioned antenna allows miniaturization in conparison to the
conventi 6nal ant'enna. 15 Therefore, the communication apparatus of the

present invention can reduce the installation space, and reali ze
m niaturization of tFswpheseappavarier csimde tisedfforesthes opagpessenna

can control fluctuati f the antenna characteristics, the conmmuni cation
apparatus of 5§ qeRt gﬁ%@- mendpniedn apdannaan Jiti eannbe redeivingdry adi o

wave to and fr mthe outs:{_{i% good condi tion, and perform preci se data
transni ssi on ?ec}gpt fo ﬁﬁ“@(aﬁ%l SIEANERe ERAmeanyentmmalppaeatiys
evice for an ETC and_ERP system 25

Smee such an® SRRl bFadl cBRRETIRr.AG8 oo Ve SRACH algaBiake ch
i at uri 2ot 1 Se epe n SpTehEidte  difts St b e 1By oot RRMPnGE fhe same
with the ant e@pffePént Ema%re,esﬁ-ﬂhsiﬂ]‘éefﬁé Wenkhil i%.qhﬁg an equal passage
loss, and perform appropriate signal combination.
In another aspect of the present invention, a
g?pmunication apparatus for transmitting and receiving data to
16 and from the oufside using a radio wave is provided, which
_comprises the aforementioned antenna for transmitting and
receiving the radiq wave,
In other words, the aforementioned antenna allows
miniaturization in comparisory to the conventional antenns.
16 Therefore, the communication apparatus of the present
invention can reducg the installation space, and realize
miniaturization of the whole appératus.
Since the aforementioned antenna can control fluctuaiion
~of the antenna characteristics, the communication apparatus of
20 the present invention can transmit and receive the radio wave to
and from the outside in good condition, and perform precise data
transmission and reception.
An example of the communication apparatus comprising
the antenna is an onboard device for an ETC and ERP system,

256 Since such an onboard device is mounted on a vehicle with a
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it can repress the influence to the 5 ant enna

characteristics, and accordingly, precise data transm ssizgiaggl26®Feption
can be perforned BRI EF DESCRI PTI ON OF THE DRAW NG The invention will now

to the mniaturization,

be described, by way of exanple,

10 with reference to the acconpanying

dr awi ngs,

devi ce,

in which: Fig. 1A is a schematic diagram of an ERP onboard
and Fig. 1B is a schematic diagram of an antenna face of an RF

board; Fig. 2 is a circuit diagramof the respective devices fitted 15 to
the RF board; Fig. 3 is an explanatory view showing a schematic
constitution of a digital board and various devices connected to the

digital

board Pi 4A- 40 are expl anatory views
“relating to ggnﬁﬁﬁcﬁf ﬂ%ﬁ%t@nﬁab@ély

?eflsan nnﬂiﬂqﬁag

board, where 4A sh
“arranged on tﬁt‘%éﬁﬁlénﬁ
degr ees,

y. and the
vicgdspesaih

of other enbodi nents 20

daraandpfas emirdaterizationo t he

hase converter
byssonasingingy 45
45 degrees and t he phase

Fi ant enna tur ned
convert er Zg a}%(%g%gg%w&ﬁﬁghﬁ o? gﬁ%ﬂﬁﬁ%ﬁ“ Y?‘“e’(’ﬂtlpiﬂom Inad@itioma f ace,

19 31 March enna hod
phase conver?@?qarrglﬁggﬁé%%ﬁh%gﬁf or' @it ¥& c%
face;” Fi gy SAnnfertnsChemabherdligdtam odnd | bbslrKYNG

transmission and reception can be performed.

RnEhE | sBtmeP ol b

nti_onal
precise data

~ BRIEF DESCRIPTION OF THE DRAWING
The invention will now be described, by way of example,
10 W11:h reference to the accompanying drawings, in which:

. Fig. 1A is a schematic diagram of an ERF onboard device,
and Fig, 1Bisa schematm diggram of an antenna face of an RF
board;

Fig. 2 is a circuit diagram Aof the respective devices ﬁtteci

18 to the RF board;

Fig. 8 is an explanatory view showing a schematic

constitution of a digital board and various devices connected to

the digital board; |
Figs 4A-4D are explanatory views of other embodiments

20 ‘rel,ating to arrangement of an antenna body and a phase -

- converter to the board, where Fig. 4A shows the antenna body
and the phase converter arranged on the same plane, Fig. 4B
shows the antenna body turned by 45 degrees, Fig. 4C shows the
antenna body fturned by 45 degrees and the phase converter

25 arranged on a different face when looked from an antenna face,
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5 antenna conprising an antenna body fornmed into a quadrangular flat board
and a phase converter arranged in the vicinity of a corngf\paef bey of the
gquadrangl e,  Fig. 5B is a schematic diagram of a second conventi onal
antenna conprising an. antenna body formed into a quadrangular flat board
and a phase converter 10 arranged in the vicinity of a side of the
gquadrangle, Fig. 5Cis a schematic diagramof a third conventional antenna
whi ch conprises an antenna body fornmed into a quadrangul ar flat board and
‘perfornms phase conposition of two signals by setting line | engths of two
wires to'be different, and Fig. , 5Dis a 15 schematic diagramof a fourth
conventional antenna conprising -an antenna body forned into a nearly

circular flat seehud JHegvs %ei%%ﬁlwWQﬁ¥hQWW ﬁaggg.%éés \'%?]%?lsd phase

converter in an enbodi nent of the present” inventiodn, S an

enl arged vi ewpdfase tRevdater aptangod an PRETHIROBHETAG! wHbn bked BE AT i OF
art; Figs. 7A-7D show neasurenent results concerning a passage loss of a

signal in theappasefaanyverter, where Fig. 7Ais of a first nmeasurenent,
Fig. 7B'is of a second neasurenent, Fig. 7Cis of a reference -neasurenent,
and Fig. 7D is of aRigifaA25 acschemawnt diafr@m MWira FiRR060kYgELIc®A18C show
measurenent results concerning a phase of an output signal in the phase
_convert er B whandenpg capprisingfamaantenna teslyufement inte g quilrangflas
reference ”ea%{te org;'d a:?ci] da I;ihga'sessgmi:tserogeraa£rhsirigdedmisgstlﬂeergist?itn;it; r:)ijE a
corner portion of the quadrangle, Fig. 5B is a séhematic diagraﬁ:t
of a second conventional antenna comprising an antenna body
formed into a guadrangular flat board and a phase converter
10 arranggd in the vicinity of a side of the quadrangle, Fig. 5C is a
. schematic diagram of a third conventional antenna which
eamprisgs 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 Fig. 5D is a
15 schematic diagram of a fourth conventional antenna comprising
‘an antenna body formed into a nearly civcular flat board;
Fig. 6A is an enlarged view of a nearly V-shaped phase
converter in an embodiment of the present invention, énd Fig. 6B
is an enlarged view of a nearly rectangular phase converter in
20 the prior ari;
: ~ Figs. 7A-7D show measurement results concerning a
- passage loss of a signal in the phase converter, Whére Fig. TA i;s
of a first measurement, Fig. 7B is of a second measurement, Fig.
7C is of a reference measurement, and Fig. 7D is of a third
26 measurement; |
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- conmuni ¢ati on cabl e.

Fig. 9 is a schematic diagram of an antenna which can transmt and receive
right-handed and |eft-handed circularly polarized radi 0o wWaygsch Sk LED
DESCRI PTI.ON OF PREFERRED EMBCODI MENT - 10 Fig. 1A is a schematic di agram of
an ERP (El ectronic Road Pricing) onboard device 1 according to the present

I nvention. The ERP onboard device is a communi cation apparatus which is
nmounted on. a vehicle and transmts and receives a radio wave to and from
a road side device |located on 15 roads, etc. As shown in Fig. 1A the ERP
onboard device 1 conprises an RF board 11, a digital board 13 and a

di splay portion (LCD circuit board 15). The RE board 11 and the digital
board 13 are connected via a first conmunication cable CAl, and the

digital 20 board 13.and ' ' d._15 t ed .Vi d
Cosmuni cati on cabi Figky SALRGTRIHY P HldadiBREA® ALRIEP S NES £ PP0)
d hold ie ' Lg. hol d
o onneot ed Hiadh S Sutph gl Sy tile PHEMIAdvertel whibre e S5 0O OO0

the buzzer igcpnneqtatarbhenorill i ak oandidRnid dobitdiient,

1 Marc The RF board 11 is a

(pol yt et raf | usi@BEAYEENR) oo thBTd (BeaBh Rimbde-Fwdazi ne) resin RF. board
provided with a part face and an antenna face. A phase converter 23 (also

referred 5o as a ®igpl®eis andhenshgoadiageavension ohtenhs Whick eaat t ached
~on 5 the part face, and an antenna body 21 is attached on the antenna
tfransmit and receive right-handed and left-handed circularly

polarized radio waves.

DETAILED DESCRIPTION OF PREFERRED EMEODIMENT
10 Fig. 1A 15 a schematic diagram of an ERP (Electronic
‘Road Pricing) onboard device 1 according to the present
invention, The ERP onboard device is a communication
aﬁparaltus wﬂich is mounted on a ve:h.icle and transmits aﬁd"
receives a radio wave to and from a road side device located on
15 roads, ete.

As shown in Fig. 1A, the ERP onboard device 1 comprises
an RF board 11, a digital board 13 and a display portion (L.CD
circuit board 15). The RF bhoard 11 and the digital board 13 are
connected via a first communication cable CA1l, and the digital

20 - board 18 and the LCD circuit board 15 are connected via a second
| communication cable CA2. The ERP onboard devicé_ 1 is‘also
provided with a card holder and a buzzer, which are not shown in

Fig. 1A. The card holder is connected to the digital board 13 via

a third communpication cable, and the buzzer is connected to the

25  digital board 13 via a fourth communication cable.
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face opposite to the part face. Fig. 1A shows a schematic diagramin the
part face or the RF board 11, and Fig. 1B shows a schenﬁgiﬁﬁgéqgm%nlin t he
antenna face of the RF board 11. The antenna body 21 and e 6hase
converter 23 constitute an 10 antenna 20. Details of the respective

devi ces attached to the RF board 11 are explained by way of a circuit

di agram of the devices attached to the RF board, shown in Fig. 2. The
antenna body 21 is formed into a square flat.board 15 constituted from an
el ectric conductor. It has two feeding points 2l1a, 21b which output signals
of a different phase detected from the received radio wave. In the center
of the antenna body 21, an earth point 21c electrically connected with a

ground portion proyhdeROBokbg PRGK éﬁPTFg’;g‘%ﬁﬁﬁ?g‘ﬁ%@‘%ﬁ%@i% formed

20 , piercingly through the board is provi _ _ IS
adapted to reBA (BoamloSkidAmiilindy aih RFDOHMN pHodtild Hith’a fd 44CT
ev an

transmtted froma tollgate antenna (a road side I ce) to"transmt a

PSK (Phase shfdde &aglimnghnsegnalfacé. A ghale 44Shertdihg3qalesparehosy tg1 is
constituted froma patch 25 antenna using a mcrostrip line, and transmts
and recei ves as 22 c@aph cin® @0Sigr adhtoriverdten dircwita® byaohefdched save. The
antenna body 21 uses a hal f-dupl ex communi cation as a wrel ess

transmi ssifon . Hee peat facheaph aseantanes body23l iomitacked wn Higanten®a, Sb of

a 5 different thase i nput t ed Lromthe first_and second feedi ng points
face opposite to the part face. Fig. 1A shows a schematic

diagram in the part face of the RF board 11, and Fig. 1B shows a
schematic diagram in the antenna face of the RF board 11. The
antenna body 21 and the phaée converter 23 constitute an
10  antenua 20.

Details of the respective devices attached to the RF board
11 are explained by way of a circuit diagram of the devices

éttached to the RF board, simwn in Fig. 2.
The antenna body 21 is formed into a square flat board
15 constituted from an electric conductor. It has two feeding points
21a, 21b which output signals of a different phase detected from
the received radio wave. In thel center of the antenna body 21,
an earth point 21c electrically connected with a ground portion
provided on the back of the board via a through-hole formed
20 . piercingly through the board is provided. The antenna Ecdy 21
is adapted to receive an ASK (Amplitude shift keying) signal of
-2.4‘0-2.44(}15{2 ti*ansmitted from a toilgate antenné. (a road side
device) and to transmit a PSK (Phase .shift keying) signal of
2.40-2.44GHz. The antenna body 21 is constituted from a patch

26 antenna using a microstrip line, and transmits and receives a
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21a, 21b of, the antenna body 21 into signals of an equal phase, and

out puts a conbined signal Sminto which the two signals S%lh&ﬁ?hg@ﬁﬁr t he
phase conversion are conbined. As shown in Fig. 1B, an interva et ween
the antenna 10 body 21 and the phase converter 23 when | ooked through to a
.direction of the radio wave transmi ssion and reception is set at 3.9 nm
which is shorter than a length (2. g 1 16) where k g is an intra-line
wavel ength of the transmtted and received radio wave. 15 Fig. 6A shows an
enl arged view of the phase converter 23'. As shown in Fig. 6A, the phase
converter 23 is ‘constituted froman electric conductor forming a nearly
elliptic line bent in the mddle of the longitudinal length to forma near

V-shape. Fi rﬁrgh@nsiaﬁaeer@iréﬁﬂmprlséla%%@edarw'aﬁé.f A faﬂtaﬁﬁa%ggfzimef 20

line of the nearly V-shaped bent” portion of the electric conduc

posi tions synmsiy i WiFlusisReebdBubieationt 86 81 wibdlcB8Nfrardidspfn and
third and fourth I/O ports 23g and 23h are fornmed on the outer line of the

nearly V-shapmeéthedt portion of the electric conductor in positions
symmetric with respect to the 25 center of the bent portion. 23 31 March
2006 A first |ine 2Bheighfses wedveetarc8s tdhevditsstwandghhts Sac@ll of 140 ports
23e and 23f,- a second line 23b is formed between the second and the third
| / O port s923fdiffarerdgphase wputicdEorsdhiesfirdtoandbdsendefoedihe fdintsl and
the fourth Iﬁ%& ora %g and 23h, _and a fourth line 23d is formed between
the fourth a zf,hg ?Jiq ghe antenna body 21 into signals of an equal phase,
and outputs a combined signal Sm into which the two signals Sa,
Sb after the phase conversion are combined.
As shown in Fig, 1B, an interval P1 between the antenna
10 body 21 and the phase converter 23 when looked through to 2
| -direction of the radio wave transmission and reception is set at
3.9 mm, which is shorter than a length (A g/ 16) where Agisan
intra-line wavelength of the transmitted and received radio
wave.
15 Fig. 6A shows an enlarged view of the phase converter 23.
As shown in Fig. 6A, the phase convstter 23 is constituted
from an electric conductor forming a nearly elliptic line bent in
the middle of the longitudinal length to form a near V-shape.
‘First and second I/O ports 28e and 23f are formed on the inner
20 . line of the nearly V-shaped bent portion of the electric conductor
- in positions symmetric with respect to the center of the bent
portion, and third and fourth 1I/0 ports 23g and 23h are formed
on the outer line of the nearly V-shaped bent portion of the

electric conductor in positions symmetric with respect to the

20 center of the bent portion.
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110 ports 23h and 23e. In other words, the phase converter 23 is forned
into-a near V-shape as the result that the first and the3%ﬂhﬁglﬁkﬁes 23a
and 23c are bent in the mddle to forma vertex of the V-shape. 10 A line
width WL of the first |ine 23a between the first and the second 1/0O ports
23e and 23f and a line width W2 of the third |ine 23c between the third
and the fourth I/0O ports 23g and 23h are forned to have different |engths.
In other words, the line width W is determ ned so that the inpedance of
the first line 15 23a is (0.92Z0) and the line width W2 is determined so
that the” inpedance of the third line 23c is (1.25Z0) where Z0 is the input
| npedance of an external line. Specifically, while the input inpedance Z0

of the external |ine fizsbOhe 258 ikiBEmWL SV ok $he gl
I npedance of the first Iine,e 23a1i s 450, and the P?ﬁférs gﬁ?a\?\nﬁgt%&g@di s set

so that the ifif@dande 28e tshrl L8 d sédtr®3tnd 2302iH f6kmElhe fwsort %ggt hs of

the first line 28a and the third line 23c of the phase converter are
set so that LBecond apd the vhindeI/3 porist28f aedpLeli wethivd dnld R8e is -
wavel ength. The line I engths of the-25 second |ine 23b and the-fourth |ine
23d are set séommad butweqmthe/tltzd 3 dhehfandh BBprivheBg ddd 284, he
respective intra-linpe wavel en%t h, A conversion point of the line width in
a circul ar® | i pRd( & Hanrth ling 23dpedfimeeed drateresiobhpdontih iand thedikstn a
position diff nt fr ortjions where the respective 1/0O ports are
formed. 5 As E{@mrrﬁ%i’%@né,é%e first 1/O port 28e is connected to

In other words, the phase converter 28 is formed into 'a
near V-shape as the result that the first and the third lines 23a
and 28¢ are bent in the middle to form a vertex of the V-shape.

10 A line width W1 of the first line 282 between the first and

.the second I/0 ports 23¢ and 28f and a line width W2 of the third

] line 28c¢ between thg third and the fourth I/O ports 23g and 23h

gire formed to have different lengths. In other ﬁords, the Hne

width W1 is determined so that the impedance of the first line

18 282 is (0.9Z;) and the line width W2 iz determined go that the

impedance of the third line 23¢ is (1.25%,) where Zy is the input

'impedance of an external line. Specificélly, while the -input

impedance Z, of the external line is 50Q, the line widt.h W1 is set

so that the impedance of the first Hne_23a is 45£2, and the line

20 . width W2 is set so that the impedance of the third line 23¢ is 62.5
Q. '

The line lengths of the first line 23a and the 'third line 23¢
of the phase converter 23 are set so that L8 = (A g/ 4) where 1.3 is
the respective intra-line wavelength. The line lengths of the

25 second line 23b and the fourth line 23d are set so that L4 = (A g/
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the first feeding point 2la of the antenna body 21, the second I/O port 23
is connected to the second feeding point 21b of the ante?p Hafyogél, the
third I/O port 23g is connected to a filter «circuit 27 of the signa
conversion circuit 25, and the fourth I/O 10 port 23h is grounded via a
dummy resistance RL. The phase converter 23 constituted as above perforns
phase conversion of the first signal Sa inputted to the first I/O port 23e
and the second signal Sb inputted to the second I/O port 23f so that both
signal s have an equal phase, and outputs the 15 combined signal Sminto
which thé two signals Sa, Sb after the phase conversion are conbi ned.
Since both first and second signals Sa and Sb have an al nost equal passage

| oss, the phage2syopueré eL.423sC8he OvéR ety S OFRiraeHns| WRlelbAlbPnWhi gh the
first and the second signals Sa and are, appropriately coffbinhed.” 20 ,

I'n ot her wor dgonvbesiphageiqonf eheling 3vidth dutdeirdhsy QPADIRRS: i1 gpal
wi t hout influencing the cross polarization characteristic ‘and aXial ratio

when per f or m i peldaseac ooneerdion poiht)cformtidoinoh Hositidy difand e
second signals Sa and Sb which are circularly polarized wave signals. 25
The signal cofvmngioniiais whare2the assséubive (/O pgorgs a2e f3bmeH.March 2006
conprises the filter circuit 27, a FET (field-effect transistor) 29, a
recepti on %i gnal defsdehewnoin dige @ tthelfirsih L) @orst28e & coanerbadityed dat a
| evel adjustnent circuit 35, a

?rergle: I/Iegaélia? gtgﬁlﬁ{t’fr:élrtitfeg izw,apéﬁggﬁgoo}ﬁeg%@%m Sgaetond L&t i on

cireuit 39. Lot 28{ is connected to the second feeding point 21b of the

antenna body 21, the third I/O port 23g is connected tb a filter

circuit 27 of the signal conversion circuit 25, and the fourth 1/0Q
10  port 23h is grounded via a dummy resistance R1,

The phase converter 23 constituted as above perfofms

' phase conversion of the first signal Sa inpuited to the first I/0

| p'ort 23e and the second signsﬂ 5b inﬁutted to the s;econd 1/0 port

23f so that both signals have an equal phase, and cutputs the

15  combined signal 8m into which the two signals Sa, Sb after the

phase conversion are combined. Since both first and second

signals 8Sa and Sb have an almost equal paésage loss, the phase

converter 23 can output a combined signal into whiéh the first

- and the second signals Sa and Sb are appropriately combined.

20 . In other words, the phase converter 23 can output the combined

signal without influencing the cross polarization characteristic

and axial ratio when performing phase cuﬁversion and

combination of the first and the second signals Sa and Sb which

are circularly polarized wave signals,

25. . The signal conversion eireuit 25, as shown in. F1g 9,
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The filter circuit 27 extracts a signal el enent corresponding to a
predeterm ned frequency band (2.40- 2.44GHz) from a signag % @ from
the radi o wave received and transmtted in the antenna 2 10 The FET 29
is set in one of the ON and the OFF states according to a TX data signal
transmtted fromthe digital board 13. Wien the FET 29 is in the ON state,
the reception signal is passed through the FET 29 to be reflected in the-
open stab ST, and the reflected signal is again passed through the PET 29
to be 15 outputted fromthe antenna body 21 to the outside. \Wen the PET
29 is inthe OFF state, the reception signal is reflected in the PET 29,
and the reflected signal is outputted fromthe antenna body 21 to the

tside. In thj ' IRt | ich t.h ted
ognal i1 avel CORPHRPFhetRSE ifhit £ 08P (i BpoMed Lidhdigian 30T T
possi bl e t0 causgedptiBhosigndl fd&n8Aaeati8nt B L lsqct eq{‘aslcaﬂué'?“tat ed

fromthe antenna body 21 and output a PSK signal. en a signal

received, therktdivad idathusnedificatibe st i gnal
S passed t hrough the FET 29%3%) be denodul at?gg ﬁ%ﬁ%ﬁﬁ%le%ﬁ%éépgxp ai ned

reception si gadjustmedl dreeit 85/ elirbedived28aBd a“ﬁb‘ﬂﬁ@@ﬁ@nwﬁcﬁﬁcgﬁt I on
signal denodul ation circuit 31 is constituted froma di ode DI

directly deteemidng receptivensigmadtdaigetipe ciecaitt 89n signal (2. 40- 2. 44GHz)
with the diode DI, extracts data included in the radio wave. The open stab
ST 5 reflects the r 3t ifohesi gizeuito BF t eatmmitst ed t sivamal t Réement

corresponding to a predetermmed frequency band (2.40-
2.44GHz) from a signal detected from the radio wave recaived

and transmitted in the antenna 20.
10 The FET 29 is set in one of the ON and the OFF states
- according to a TX data signal transmitted from the digital board
18. When the FET 29 is in the ON state, the receptmn signal 15
passed through the FET 29 to be reflected in the open stab ST,
and the reflected signal is agam passed through the FET 29 to be
| 15 ouiputted from the antenna body 21 to the outside. When the
'FET 29 is in the OFF state, the reception signal is reflected in
the FET 29, and the reflected signal 1s outputted from the
antenna body 21 to the outside. In this manner, since the line
length along which the reflected signal travels is different
20 . depending on the state of the FET 29, it is possible to cause a
. phese difference to the reflécted signal outputte& from the
antenna body 21 and output a PSK signal. When a signal is
received, the FET 29 is turned to the ON state, and the reception
signal is passed through the FET 29 to be demodulated in the

25 later-explained reception signal demodulation circuit 31.
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antenna body 21, and is used for generation of the aforenentioned PSK
signal. The signal conversion circuit is biased such tha§1ﬂﬂ§&1ﬁﬁ% FET 29
isinthe ONstate, the diode DI is also in the ON state, and when the FET
29 is in the OFF 10 state, the diode D is also in the OFF state. The
received data anplification circuit 33 conprises an anplifier, by which

t he denodul ated data in the reception signal denodulation circuit 31 is
anplified about 40dB. The reception signal |evel adjustnment circuit 35 is
15 provided for absorbing a difference in reception signal levels caused by
vari ance of characteristics (individual difference) of the reception
signal denodul ation circuit 31, received data anplification circuit 33 and

the | at | 'ai.ned ei Lficatl iLcuit 37..Th ti
sianal Tevel adj ust ret - 3pep e MPhaL (BmbRubiEH, oibuid Tl T RE! VR
and two resi SkehsHbAHRN frodRn A6de 20A b3QT By Uledlly QPGS LS
reception signal |evels caused by the Vartiance- of clraracteris i 88

(individual debismanemg @He%@cﬁﬁﬂﬁgF%/I{esfls@%@@g‘i@@?ﬁih ﬁﬁéﬁﬁ%agl ©

register VR In the reception signal adj ust nment I cul

therni stor 35D, exteactecdth sheladnd fh dheviddio tvh@vé.esilfﬂe%gzﬂ sthpMafpch 2006

el enment 35c in order to conpensate fluctuation in the reception ‘signal
| evel s by ta dréflecianddhe redoeppivmt signaln taddet it@anbomitied @bkbeaentg in the

"reception signal levels caused by the variance of characteristics. The

recei ved dat asahpmifi chedyn 3lrcwind 3isconped sdor argeneration of the
aforementioned PSK signal. The signal conversionm circuit is
biased such that when the FET 29 is in the ON state,'the diode
DI is also in the ON state, and when the FET 29 is in the OFF

10  state, the diode DI is also in the OFF state. |
' The received data amplification circuit 83 comprises an
amplifier, by which the demodulated data in the reception signal

demodulation circuit 31 is ampliﬁed about 40dB.

The reception signal ievel adjustment circuit 35 is
15 provided for absorbing a difference in reception signal levels
caused by variance of characteristics (individual difference) of
the reception signal demodulation circuii 31, received data
amplification circuit 33 and the later explained received data
' ampli.ﬁcation circuit 837. The reception signal level adjustment
20 . cireunit 35 comprises a variable register VR and two resistor
elements 3%a, 35c, and absorbs the difference in thé reception.
signal levels caused by the variance of characteristics (individual
difference) by adjusiting a resistance value of the variable
register VR. In the reception signal level adjustment circuit 35,

25 a thermistor 35b is connected side by side with the resistor
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anplifier 37a and an inverter 37b. Simlar to the received data
anplification circuit 33, it anplifies the data denndulatg?h4 dﬁﬁﬁb
reception si gnal denodul ation circuit 31 by way of the anp I e
amplifies the gain which is short in the received data 10 anpllflcatlon
circuit 33. The inverter 37b inverts the signal ,level of a signal
outputted fromthe anplifier 37a to generate a. RXAdata signal, and outputs
‘the RX data signal to the digital board 13 via the first communi cation
cable CAI. The inverter 37b adjusts and outputs the RX data signal so that
a current 15 val'ue and a vol tage val ue of the EX data signal are within a
defined current value and a defined voltage value in an input term nal of

a later expl ailpesesPY54liDoedbfed @impbAsaidhatuabol thlthe FOGJLEGEPLI ON

signal detection, circuit 39 conprises an 20 operation arrpllfler 45, two
resi stor el ermgmllﬁw,eléﬁy andifferehoy dht BimAdratiite PReiAditn ajePthdier 45
conpares a voltage of the reception signal detected . in the reception

si gnal demcﬂﬂfﬁ&nmmnmt'eaépﬁmhfmgnaiaﬂevdaGﬁwseﬁtlagehéatﬂiﬂh@@df In  two
resistor elenments 45a, 45b. Wien the voltage | evel of the 25 reception
signal is hi gﬂmraqtamsd:m reference voltage, the 28 31 March 2006 operation
anplifier 45 outputs an output signal at hi gh | evel , and when the voltage
| evel of Bhe receptTBA %‘?%‘éﬁdléa ﬁ)\ﬁé’lﬂpllﬁé}ﬁ lﬂtmémﬁéﬂér%'?'l@@mmmageml t

out puts an out pu | ow.| evel he nve ter 47 outputs an
detection si &%Pﬁlﬁ?fg%al andan ingerten 3%H-q okt £ %Irﬁfﬂ@}ﬂe@h@aﬁﬁoerat i on
anplifier 45 fﬁ:\p‘ﬁﬁgﬁion circuit 33, 1t amphﬁes the data demodulated in the

It

reception signal demodulation cirenit 81 by way of the amplifier

37a. It amplifies the ga'in which is short in the received data

10 amplification circuit 33. The inverter 37b inverts the signal

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

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

board 18 via the first communication cable CAl. The inverter

87b adjusts and outputs the RX data signal so that a current.

15 value aﬁd a voltage value of the RX data signal are within a

defined current value and a defined voltage value in an input

terminal of a later explained CPU 41 provided on the digital
board 13. |

The reception signal detection cireuit 89 comprises an

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

inverter 47. The operation amplifier 45 compares a voltage of

thé ‘reception signal detected . in  the receﬁtion signal

demodulation eircuit 31 with a reference voltage determined in

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

25 reception signal is higher than the reference voltage, the
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level is inverted, to $ the digital board 13 via the first comunication
cable CAL. " The inverter 47 adjusts and outputs the RX ??B@ﬁ&lﬂﬂmSignal
so that ‘a current value-and a voltage value of the RX defection signal is
within a defined current value 10 and a defined voltage value in the input
termnal of the later -explained CPU 41 provided on the digital board 18.
The reception signal detection circuit 39 perforns a detection process of
The reception signal periodically. In case that the detection of the
reception signal by the reception signal 15 detection circuit 39 is not
~performed for a’certain period of time; the |ater explained CPU 41
provided on the digital board 13 shifts the ERP onboard device | to the

A I e L S e S e S

N poony e Bk WwReh B vaRadd RV JiVh L O0RlERERSE 00 10R AR 25 2

not shown power saving control” circuit operates according to t r

savi ng swi t chilngréefegaalkeangliaunplii 0 r ' i gnal
detection circuit 39 to | ower %go&e%?tggﬁgﬁdﬁp?ﬁgéﬁﬁgk%n%Eaewp gé(}’eegt i on
signal detectThe iziveetéd £P cletipathSahhRX2Aedotih Cigi16 v&ggg.ptijgo?lési gnal
Inthe wait state and outputs the RX detection signal, the CPU 4
shifts-thé ERmipnitosigtdadeniipmtted dridpetinoopaitatich ald plfib S48 0ISyRIGP! Vi Ng
power to each portion. Power is supplied to the respective devices

i ncl uded in tia®ekl| imalnveriadierts othe cligital bPbavida B3 peier tdeppfiysti ne in

the first — : . '
: communication eable CAl. " The inverter 47 adjusts and outputs

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

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

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

The reception gignal detection circuit 39 performs a

dé.tection procesé of ‘the reception signal periodically. In case

that the detection of the receptién signal by the reception signal

15 detection circuit 39 is not performed for a certain period of time;

the later explained CPU 41 provided on the digital board 13

shifts the ERP onboard device 1 to the wait state. When the

ERFP onboard device 1 is in the wait state, a power saving

switching signal is inputted from the. digital board 18 to the

20 . signal conversion circuit 25. Inside the signal conversion

cizjc;uit 25, a not shown power saving control circuit operates

according to the power saving switching signal énd supplieg

power only to the reception signal detection circuit 29 to lower

power consumption. |

25 When the reception signal detection cireunit 39 detects the
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communi cation cable CAl. The digital board 13 is now explained by way of a
schematic di agram shown in Fig. 3. As can be seen fromFi 91 Marcil fsoedi gi t al
board 13 conprises 10 the CPU 41, a reference oscillation circuit 51 and a
power control portion 43. The CPU 41 takes in the reception signal (RX

-data signal) fromthe RF board 11 (nore particularly, received data
anplification circuit 37) via the first comrunication cable CAl, 15 and
extracts information such as on an onboard device validation signal, a
toll, a position of a tollgate, etc. The CPU 41 outputs a transm ssion
signal (TX data signal) including the onboard device validation signal
vehicle information, IC card information, etc. to the RF board 11 (nore

ticularly, ha t first nj cati bl | . The CPU 41
Compr 1 See. o Ferar triabuih dn 5 ordE tBREAY RtbiPs hi A, detiesiins o

f th | ' | | id, .dates,.

i, Ceto Thereys b OP e A RHfRHCERE FRbEsa i Ra ddoihd Popinal ‘55

oscillator, etfate fa9id tampd & oLt . fere cksignal. 30 31
March 2006 to the CPU 41. Theuﬁgiﬁ%oﬁtr%} %%%a%gln%%tgdgpﬁpr' é@era 1§ol t age

Somversion posuosliobncbe, sobieAi o eskegbaldios s op gl 00
provi ded ibn t¢mmvetsiohe ciwbtppby viawar power supply line in the first
communication cable CAl.
The digital board 18 is‘ now éxﬁlained by way of a
~ schematic diagram shown in Fig. 8,
As can be seen from Fig. 3, the digital board 13 comprises
10 the CPU 41, a reference oscillation circuit 51 and a power control
‘portion 43.
| | The CPU 41 takes in the reception signal (RX data signal)
frota the RF board 11 (more particuia.rly, received data
amplification circuit 37) via the_ firgt communication cable CA3,
16 and extracts information such as on an onboard device validation
signal, a toll, a position of a tollgate, ete. The CPU 41 outputs a
transmission signal (TX data signal) including the onboayrd -
device wvalidation éignal, vehicle information, IC ecard
information, etec. to the RF board 11 (more particularly, FET 29)
20 . via the first communication cable CAl. The CPU 41 comprises a
memory {not shown) for accumulating information such as a
name of the owner of the onboard device, vehicle data, tollg paid,
dates, time, etc,
The reference oscillation circuit 51 comprises a crystal

25 oscillator, ete., for example, and outputs a reference clock signal
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in a voltage suitable for operations of the respective portions. 1In the
vehicl e, the noise such as an ignition noise is generated31hm% Y66 t he
vol t age conversion portion 43a of the.power control portion conprises a
coil, a condenser, a filter, etc. for 10 renoving the noise, and it
prevents the noise fromaffecting to .the portion to which the power is.
supplied. To the digital board 13, a display portion 15 is connected via

t he second conmuni cation cable' CA2, the card holder 53 is connected via
the third comunication cable CA3, and ‘a buzzer 15 55 is connected via the
fourth comuni cati on cable CA4. The display portion 15 displays various

I nformation such as the toll, tolls paid, insertion state of an IC card,

position of tH#wethd GPYade, etc. according to a display instruction signal
fromthe CPU 41 to provide the information to the user- An IC card 57 20

can be fitted into The gmwiehokdatrsl3. pdtidonardd hebsgirisss r gadgy1t356
updates the IC card information included in the I1C card 57 according to an

| C card oper gwinyersiost peetioon dignaanfir am shdtclCPUSbl. Tiie puzi&mb5 gi ves

an alarmto the user according to a sound output instruction signal from

the CPU 41. ZpnipnmatERrpliagsonnyensionof b voltage (Mt 24Vasupptied froen 31 31

. March 200§ phase convert é:;l Is formed into a near V-shape correspondi ng
to a shap® i r* PREF LR ﬁ@l thepor pravigsfiinotheyehinde doadimplywaewer ant enna

body 21, and.th se converter,.23 and t.he anfenna body, 21 are arranged
on the sane RP gog? agp §B”tall?;f" ft‘qlfeoPﬁ%‘i’m@S\/‘é“f'Fgﬁ EPesbivite apriowss haped

—portion of thg PRASARIAHY YHEhofS such as an ignition noise is generated.

However, the voltage conversion portion 48a of the power control
portion 43 comprises a coil, a condenser, a filter, ete. for

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

To the digital board 13, a display portion 15 is connected
via the second communication cable CAZ2, the card holder 53 is
connected via the third communication cable CA3, 'and a buzzer

15 55 is connected via the fourth communication cable CA4.

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

Z0  can be fitted into the card holder 53. The card holder 53 reads
and updates thg IC card information included in the IC card 57
accdrding to an IC card operation, instruction sig'nal. from the
CPU 41. The buzzer 55 gives an alarm to the user according to
a sound output instruction signal from the CPU 41. |

25 In the ERP onhoard device 1 constituted as such, the
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faces the corner of the quadrangul ar antenna body 21, as can be seen from

Figs.. 1A and 1B In other words, since the phase converteg gﬁu&gakgrned
into a near- V-shape corresponding to a corner portion of the 1
quadrangul ar antenna body 21, it can be arranged close to the antenna body
21, narrowing an interval between the antenna body 21 and the phase
converter 23. The antenna 20 conprising such a phase converter 23
‘according to the present enbodi nent can prevent form ng wasted spaces

bet ween the phase converter 15 23 and the antenna body 21. Accordingly, by
el i m nating wast'ed spaces, the substantial area occupi ed by the antenna
body 21 and the -phase converter 23 can be reduced and the antenna 20 can

be m nim zed. i &d 2B : ' [ ' rranged in 20
Che vicini by Boa e R g P me R VI ok B2

influence to ebecthife finefisvasiauidot ae:o@ﬁbﬁryt&tnﬁ%f%ﬂte&@{h ngfidyiced.
ICS O

Consequently; the influence to the antenna Characteris t|hé ant enna

body 21 by thenpbase bodye2leand3ithe hdie cORVESELI23 2Dndahe’ Jhfghya the
antenna 20 provided with the ERP 32 31 March 2006 onboard deviece 1 of the

present embodbmdyt2k areraxtraoged onphessamehRFi bédrtngesd thaheharhappa
characteristics of the antenna body .21 by the phase converter 23, but also

reduce thé oc¥aptaxdof dheaneadynVeshapedpoetivn bHdhe-PHass chnveridri 280 a
Square of S Hes'tne Wines of the quadrangular antonaa body 51 s tan be
seen from Figs. 1A and 1B~ | |
In other words, since the phase converter 23 is formed
into a near V-shape corresponding to a corner portion of the
10 quadrangular antenna body 21, it can be arranged close to the
-antenna body 21, narrowing an interval between the antenna
body 21 and the pha’;se converter 23. The antenna 20 comprising
such a phase converter 28 according to the present embodiment
can prevent forming wasted spéices beiween the phase converter
15 28 and the antenna, body 21. Accordingly, by eliminating wasted,
spaces, the substantial aréa occupied by the antenna body 21 and
the phase converter 23 can be reduced and the antenna 20 can be
minimized.
Additionally, since the phase converter 23 is arranged in
20 the vicinity of a corner of the quadrangular antenna body 21, the
influence to electric fields around the antenna body 21 can be
.reduced. Consequently, the influence to £he antenna
characteristics of the antenna body 21 by the phase converter 23

can be repressed.

25 Accordingly, the aptenna 20 provided with the ERP
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‘the radi o waves detected in the vertical and transversal directions can be

conformed to each other. Therefore, transmitting and rece%ykﬂﬁﬁggokhe
circularly -polarized wave can be -perforned nore precisely. qso si nce
the antenna body 21 is fornmed into a flat board, the attachnent to the RF
board 11 is easy. By fixing the .antenna body 21 and the phase converter
23 on the sane board, it is easier to determne the relative, position of
the antenna body 21 to the phase converter 23 than a case in which both
devices 15 are fixed on separate boards. Therefore, conplicated operations
for producing tHe antenna becones sinple. According to the antenna 20 of
the present enbodi nent, easy arrangenent of the antenna body 21 and the
)Qssi bl e. Moreover, the 20

phase conver 3, t.0 target. positions is_p
ant enna 20 ités’g}ﬁ?g%%ﬁeﬁécen?rﬂf r?%%“@,nt%bﬁg'%ﬁaﬁﬂ%ﬂ@t only repmesmna

char acter| St SRR B850 Sl A AL AL D S 1 on
antenna 20 cont B thEpasTRorvar BB B0 33585 e Bt e aonver t er
Telative position of M eneig PabaR BT Y (S ol SRbare Shanged
e, 52, Skt broek R e bl MOPH Ry Dk P
the radio waves detected in the vertical and transversal
directions can be comformed to each other.  Therefore,
transmitiing and receiving of the circularly polarized wave can
be performed more precisely. |
10 Also, since the antenna body 21 is formed into a flat board,
the attachment to the RF board 11 is easy. By fixing the
- .antenna body 21 and the phase converter 23 on the same board,
it is easier to determine the relative position of the antenna body
21 to the phase converter 28 than a case in which both devices
15  are fixed on separate boards. Therefore, complicated operations
for producing the antenna becomes simple.
According to the antennﬁ 20 of the present embodiment,
easy arrangement of the antenna hody 21 and the phase
converter 28 to target positions is possible. Moreover,. thé
20 - antenna 20 itself can be miniaturized, and fluctuation of the
antenna characteristics can be repressed. Additionally, since
complicated operations for producing the antenna 20 can be
dissolved, the production efficieney per wnit of time is improved

and the costs for producing the antenna 20 can be reduced.

25 | When the antenna body and the phase converter are fixed
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5 characteristics are lowered. If the antenna body 21 and the phase
converter. 23 are fixed on the sane RF board 11 as in the 3?5ﬁﬁﬁp&)6
enbodi ment, the relative position of the antenna body 21 0 e é%ase
converter 23 is not changed and | owering of the antenna characteristics is
prevented. 10 The RF board 11 is a PTFE or BT resin RI P board which -does
not affect a high frequency characteristic of the antenna body 21.
Therefore, fluctuation of the antenna characteristics by the RF board 11
can be repressed. The material used for the PTFE or BT resin RF board is
expensi ve. However, since the 15 substantial occupied area can be reduced,
t he consunption is |owered conpared to before, and thereby cost reduction

i i bl e. t 20,0f _th it digent, the _ant
ody 21 i 5 11 SRcPREaRE M Re; Rhdhe Ara BEEF ¥t T veRRvaob ek odnver t o1
23 is fixed ’ t 11..Co d, t f
Fixing both o SoseRaS Ay fothel pliad ceRFNSCars RS Bkette 5% onger

di stance bet velesngdeofapbeiign REdYi L1t 8P IhEBORIES R TMBIY BhoZBnadD M €0V

fluctuation of the antenna characteristics can be represse
satisfactory dnveresniissi efowdl ecent i gosRiod hewhadho € Sithdits
realized. 34 31 March 2006 The phase converter 23 can perform phase

conversi of scchataterisbidsi ase lanbitele SHcohd shonahs Sadangt Pphamg an
equal phase. Also, since the first and the second signals Sa and Sb have

an al nost equraprasenyeriessdd arectinbdmad the geahei RFobwdtid N1 as in the

present embodiment, the relative position of the antenna body 21

te the phase converter 23 is not changed and lowering of the
anfenna characteristics is prevented,

10 The BF board 11 is a PTFE or BT resin RF board which
-does not affect a high frequency characteristic of the antenna
body 21. Therefore, fluctuation of the antenna characteristics
bSr the RF board 11 ¢an be repressed. The material used for the
PTFE or BT resin RF board is .expensive. Howeaver, since the

15  substantial cccupied area can be reduced, the consumption is
lowered compared to before, and thereby cost reduction is
possible. |

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

20 . phase c.nnverter. 23 is fixed on the other side of the RF board 11.

- Compared to a case of ﬁxing both devices on the same side, it is
possible to provide a longer distance between the antenna body
21 and the phase converter 23. Thereby, fluctuation of the
antenna characteristics can be repressed and satisfactory

25  transmission and reception of the radio wave can be realized.
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‘5 the first and the second signals Sa and Sb are appropriately conbined
can be outputted. In other words, the phase converter 233, GMopsal | ons
the antenna 20 to be miniaturized, but also mintains a ?unctlon of
converting two signals of a different phase into signals of an equal phase
and outputting the signals 10 as a conbined signal. The ERP onboard device
1 conprising the antenna 20 which can be mniaturi-zed requires a smaller
installation space for the antenna 20 'on the RE board 11 conpared to
before, thereby allowi ng mniaturization of the whole device. Mreover, 15
since the antenna 20 can repress fluctuation of the antenna
characteristics by the phase converter 23, the ERP onboard device 1 can
transmt and recei i -ggand fromthe , outside in good

condi tion and pr ec?/'g]él&t a%%érjﬁcgisj}e%ﬁ%gsr%ﬁe?%mo?hﬁﬁ? SODIRTBOTHER f or med.
20 As a resul | . pr.esent , enbodi nent . can

i nprove rn)unttlz?t?itlt ﬁ?%@gggﬁ%? %%\é\bmﬁﬁgé}%aghgg a n%[]?‘#ﬁlhr]?‘az‘é&f i edual

realize a st ahasERPANS! SIOMEG fifst Bod VRD'RYGHRNG; JALIRI 1 shgryel data

transm ssion and reception. Here, neasurenents pe t hat

two 25 si gndl&v@hnaalthﬁﬁe&qmalgma AR HRRE IR B ﬁ:ﬁt&i y 35 31
March 2006 setting the inner an thegguter i nes of t%} n&(lalgr y‘@ﬁg% ped

‘bent por 6i orbhef firise shdsthe wacenidesignahara dikd Stebirel WP r¥bELASIAr €
expl ai ned. Two signals of an equal phase were respectively inputte
_ combined can be outputted. In other words, the phase converter
28 not only allows the anténna 20 to be miniaturizéd, but als-o
maintains a fonction of converting two signals of a different
phase into signals of an equal phase and outputting the signals
10 as a combined signal,
| The ERP onboard device 1 comprising the antemna 20
~ which can be miniaturized requires a smaller installation space
f_dr the antenna 20 on the RF board 11 compared to before,
thereby allowing miniaturization of the whole device. Moreover,
15 since the antenna 20 can repress fluctuation of the antenna
characteristics by the phase converter 23, the ERP onboard
device 1 can transmit and receive the radio ﬁrave to and from the
outside in good condition and precise transmission and reception
of data can be performed, |

20 . - -As a result, the ERP onboard device 1 of the present
embodiment can improve mountability on a vehicle owing to the
miniaturization, and realize a stable ERP system owing to the

imprqvement in precision of data transmission and reception.

Here, measurements performed to confirm that two

25 sgignals of a different phase can be appropriately combined by
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5 to first and second 1/0 ports of a phase converter, and the phase and

the passage [ oss of an output signal froma third I/O POr &1 MASEE Wsured.
In the present neasurenents of the phase and the passage Iloss, %V\D t ypes
of nearly V-shaped phase converters, as 10 shown in Fig. 6A of which line
width WL of the first line 23a and -the line width W2 of the third line 23c
are different, and a phase converter of which line width WL is the sane
with the line width - W2 are used, Specifically, the first neasurenent using
a phase converter of which line width WL = 2.36mm and the line width 15 W
= 1.50mm the s€e€cond neasurenment using a phase converter of which line
width W =2.36nmmand the line wwdth W2 = 1.84mm and the third

measur enent us§j rker of which,line w dt = 2, 36mm and
the |ine widt %é%ng %W%ﬁet VST RS 56 ("%Wen?ﬂg'é’gy\“r%%aﬁﬁd gﬁ@tl i ne
with the |ine,m ' i npedanee of i.he |1 with the
“line width 1. ggi‘n’ﬁnb?sgf gg@%&seaﬁgn?%g e%?@ehgﬁge&ﬁe’f% ilpﬁew\'nﬁﬁi KR |ine
wi dth 1.34mm o] Hi2e@0- The infra-line wavel ength L3 of the first and the
third Iines 23a and 28c is determned so that L3 = (A g/ 4), and 25 the

intra-line wavel engttird-4i@falshss ﬁ%@%l%&%ﬁ%&ﬂﬁfﬁwﬂégp?‘%%r ch

2006 23b and 23d is determned so tHhat ance in
the second antb firet famud sbeonddsO2rtand 2phalse dhvbrtd2 andthd FREVAT I son,
- a neasurenent (reference
and the passage loss of an output signal from a third /0 port
were measured. N | |
In the present measurements of the phase aud the
passage 1053, two types of nearly V-shaped phase converters, as
10  shown in Fig. 6A, of which line width W1 of the first line 23a and
‘the line width W2 of the third line 28c are different, and u phase
converter of which line width W1 is the same with the line width
W2 are used, Specifically, the first measuréme.nt using a phase
converter of which line width W1 = 2.36mm and the line width
156 W2 = 1.50mm, the second measurement using a phase converter
of which line width W1 = 2.36mm and the line width W2 =
1.34mm, and the third measurement using é phase converter of
which line width W1 = 2.36mm and the line width W2 = 2.86mm
were performed.
20 . - The impedance of the line with the line width 2.836mm is
45.3&2, the impedance of the line with the line width _'1.50mm is
59.0Q, and the impedance of the line with the line width 1.34mm
is 62.6Q. The intra-line wavelength L3 of the first and the
third lines 28a and 28¢ is determined so that L3 = (Ag/ -4),. and
25 the intra-line wavelength L4 of the second and the fourth liﬁes
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5 measurenent) of the phase and the passage |oss of the nearly rectangul ar
phase converter 105 as shown in Fig. 6B is also perforneglpéﬁagid dscal Iy,
the phase converter 105 of which line wdth W of the firs I ne 05a and
line width W2 of the third Iine 105c are equal to 2.00mmis used. The

| npedance of the 10 line with the line -width 2.00mmis 50.0 0. In the
phase converter 105 for the reference neasurenent,. all the intra-Iline
wavel ength L5 of the first, the second, the third and the fourth |[ines
105a, 105b, 105c and 105d is determned so that L5 = (A g./ 4). The

i npedance in the second and the fourth lines 105b and 15 105d is 85. 45.
Figs. 7A-7D show the neasurenent results with respect to the passage |ossy

and Figs. 8A-8gpushogy t qgaagﬁmsmed & Yhhag gt r(?gegt t herﬁhase.

Fig. 7A shows the resu I'TSt measur efent,

result of t heﬂ%@%@m&% ERASHERIEAng Fhd folf e aSif:'é& 18f37t &e
reference neasurenent, and Fig. 7D shows the resu o i rd” “measur enent .
Fig. SA shows(he result of the first measur enent , Flg. 8D shows t he
result of the reference neasurenent, and Fig. 8C shows the result of the
third 25 neasuremenfAs | naFi géorratikend 8A- 8GuddsereRasyt eMgpéfedéndd March
2006 result of the first signal inputted fromthe first I/Oport iIs shown
by a line @, wmasirermezbuotibetpheseldndithehpassagndoss @fathe inyarlyed from
the second 1/0 port is shown by a line B. Referring to the measurenent

resul ts of thee@gangjar pbsse converter 105 as shown in Fig. 6B is also

performed. Specifically, the phase converter 105 of which line
width W1 of the first line 105a and line width W2 of the third
line 105¢ are equal to 2.00mm is used. The impedance of the
10 line with ﬁhe line ‘width 2.00mm is 50.0Q. In the phase
- converter 105 for the reference measurement, all the intra-line
wavelength LB of the first, the second, the thlrd and the fourth
_lmes 105a, 105b 105¢ and 105d is determined so that L5 = (Agt
4). The 1mpedance in the second and the fourth lines 105b and

15 106dis 35.40.

Figs. TA-TD show the measurement results with respect
to the passage loss; and Figs. 8A-8C show the measurement
results with respect to the phase. Fig. TA shows the result of
the first measurement, Fig. 7B shows the resuit of the éec’ond

20 . measurement, Fig. 7C shows the result of the reference
measurement, and Fig. 7D shows the result of third
measurement, Fig. 8A shows the resuli 6f the first
measurement, Fig. 8B shows the result of the reference

- measurement, and Fig. 8C shows the result of the third

25 measurement. In Figs 7A-7D and SA-SC,l the measurement
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5 shown in Figs. 7A-7D, two signals in the first and the second
~nmeasurenents had a practically equal passage |oss. Accorgh ghzdésis

understood that the phase converters used in the first and e second
measurements can output two signals with an al nost equal passage |oss and
conbi ne them 10 appropriately. Specifically, in the phase converter in the
second -neasurenent, the passage | osses of the two signals showed an
al nost equal value, and the perfornmance is al nbst equal to the phase
converter used in the reference nmeasurement. Therefore, it is considered
t hat the phase converter in the second 15 nmeasurenent can conbine two
signals nore precisely. On the other hand, the -neasurenent result in the

| osses of { s O PSRy CRBIALPLEAT BEal SHNCRRR I wOIP Y Rb¥pECe ™
convert er i n j1e ilé 0 TRANERICRLBASARTEINEIAE £F LRS! sl I %idl) OT 0SS

pol ari zati on characteri'stic and axial ratio. erring to enent

results shoMMtEéﬂ&’mﬁﬁh@@ec@n&W@Ep(ﬂi%fi&%W'Htgpavgﬁg]ghe two out put
S

signals (Cl1 + D1) is about 90 degrees in the fir measur ement . Theref ore,

it is understood tReferregtesild nemsuvaimnit kdilhe d!fﬁ&ep%é&%é ghse in 25
the reference neasurenent (C2 + D2) can be obtained. Also in 38 31 March

2006 t he Phi rehareasur ditgat TAHD phweesigntileriantke (TBst- al®) ths edvomtd 90
degrees, and the result equivalent to the phase difference in the
ref erence nedBgpsREemeEds bdasht afinepracticallpw efqudle rpessagenedossesul ts

of Figs. 7A chc%ggﬁngly, it is understood that the phase converters uged in
the first and the second measurements can cutput two signals
with an almost equal passage loss and combine them
10 appropriately. Specifically, in the phase converter in the second
‘measurement, the passage losses of the two signals showed .an
almost equal value, and the perfo;mance iz almost equal to the
phase 'convérter used in the reference meaaﬁrement. Therefore,
it is considered that the p}iase converter in the second
15 measurement can combine two signals more precisely. On the
other hand, the measurement result in the third measurement
shows g4 large difference between the respective passage losses of
the two sig_nals. Therefore, it is considered that the phase
converter in the third measurement has an adverse effect to the

20 . cross pblarizatidn characteristic and axial ratio.
‘ Referring to the measurement results shown in Figs. 8A-
8C, a phase difference between the two output sign.;zls (C1+D1)
is about 90 degrees in the first measurement. Therefore, it is
nnderstood tha_t the result equivalent to the phase difference in

25  the reference measurement (C2 + D2) can be obtained. Also in
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5 8A-8C, it is understood that even in the phase converter formed into a
near V-shape, the equival ent phase conversion quantity ag?&ﬂ%&fﬁﬂ% l oss to
t he conventional nearly rectangul ar phase converter can be’'realTzed by
setting the line widths W. and W2 to -have different val ues.

Addi tional ly, according to the other 10 neasurenent results perforned by
the inventors, it is found that -setting the line wdth W so that the

i npedance is 0.9Z2010% and the line width W2 so that the inpedance is
1.252020% where Z0. is.the inpedance of an external |ine connected to the
phase converter enables the nearly V-shaped phase converter to 15 realize
the phase conversion quantity and passage |loss practically equivalent to

th f the g i onal _ph erter. .By. setting the intra-li
vavel engt h i riiheikd ERsBiaREnL Pt Thate datfensase, (8 oD binabonty |
3.23), ' ' tit d | an b
Ceal) zea 50 3 EirSesh AATELROTHERLT RuMARNE 1o BRE RS ASerancaiaBer | bed

enbodi ment s, itk Glo8hcBUAbALEALEANT ANFLKAALAEAS M ont be possibl e

wi t hout departing fromthe scope © Irnve For instance,

0 tho si des opposed Lo 30 5T nrki ahoncat resfh BEFRRLTRTn dady "™

- to'the sides opposed to 39 31 March each ot'her ~of . .
They may Be @BABGeit tnuidderstei tEhleveh 1AenBH hoat e?ﬁ;l,e?%rs%c}% y" Fi g.
y attache i

4A. In addition, the antenna body 21 is not necessari the RF
board 11 soinkata theay d5shapiey dhei dq&iﬂl%nmphhg@r@g,@i;gﬁnphﬁﬂq&o eac h_
and passage loss to the cdﬁvenﬁonal nearly rectangular phase
converter can be realized by setting the line widths W1 and W2
to have different values. Additionally, according to the other
10 measurement results performed by the inventors, it is found that
*settiug the line width W1 so that the impedance is 0.9Z,+10%
apd the line width W2 so that the impedance is 1.25%,:20%
' where Z, is the impedance of an external line connected to the -
| phase converter enables the neairly V-shaped phase converter to
16 realize the phase conversion quantity and passage loss
practically equivalent to those of the conventional phase
converter. By setting the intra-line wavelengfh in the second
and the fourth lines 23b and 23d to be (A g / 8.28), more suitable
phase convergion quantity and passage loss ¢an be realized..
200 The present invention should not be limited to the
described embodiments, and other modifications and variations
might be possible without departing from the scope of the
invention.
‘For ingtance, the #ntenna body 21 and ‘the phase

| 25  converter 23 are not necessarily attached to the sides opposed to
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5 other. The antenna body 21 may be attached to the RF board 11 by turning
the antenna body 21 about 45 degrees, as shown in Fig. 4By ﬁ' ?% case,

t he phase converter 23 changes its position in accordancé w R e turn of
t he antenna body 21 so that the inner vertex of the nearly V-shaped
portion faces to a 10 corner of the quadrangular antenna body 21. In this
manner, .the antenna body 21 and the phase converter 23 can be arranged

wi t hout creating wast ed areas on the board, and accordingly, it is

possible to nount other devices in an efficient manner. In Fig. 4B, the
antenna body 21 ‘and the phase converter - 15 23 are attached on the sane
sides of the RF board 11. However, the antenna body 21 and the phase

converter 23 gRyhhgaiabt g pl@ﬁg&ggﬁéggﬁsigesqﬁ%%o tg gach her&gfg the RF

board 11 as shown in Figs gr am of

the RF boar dgdheneiRle bpekedk Fi hows a 20
schematic di aséram of the RP b%‘%afﬂg\}maa{e%] gglge gﬁ%%e %%rafd%@ In -

the above enbtite amitenniahBo@ddSieis abY HdReahFile L3RR ' rid
circuit (3dB directional coupler). However, ﬁ phaé% tgo{r%\%e%fp% n}é{'?/ be a

rat race typelbmsonitati the respdotpec Bjded dr&@o@iﬂi@ﬁb&sﬂd e td'8abYPr 1 d .
circuit (3dB directional coupler) are 40 31 March 2006 Ié:???sérl*:"bed ?E}idet ail

in "M croflaveotharn uiThe emicommbodptdiomay basttached 0b thel RFGaui gat i ons
- Engi neers, Oor ona Pyblishing Co., Ltd.). The above enbodi nent describes the
antenna for Dy turnming the antenna body 21 about 45 degrees, as shown in
Fig. 4B. In this case, the phase comverter 23 changes its
position in accordance with the turn of the antenna body 21 so
that the inner vertex of the nearly V-shaped portion faces to a
10 corner of the quadrangular antenna body 21. In this manner,
-the antenna body 21 and the phase converter 23 can be arranged
without creating wasted areas on the board, and accordmgly, it is
possible to mount otlier devices i in an efficient manner,

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

15 23 are attgched on the same sides of the RF board 11. However,
the antenna body 21 and the phase converter 23 may be attached
on the sides opposite to each other of the RF Board 11 as shown in
Figs. 4C and 4D. Fig. 4C shows a schematic diagram of the RF
board 11 when looked from the antcnna face, and Fig, 4D shows n

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

In the above embodiment, the phase convertér is a branch
line type hybrid circuit (3dB directional coupler). However, the
phase converter may be a _rat'race type or hybrid ring type hybrid

25 | circuit. Types of the hybrid circuit (3dB directional coupler) are
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transmtting and receiving a right-handed circularly polarized wave.

- However, the antenna of the present invention can be use ﬁn st enna
for a lift-handed circularly polarized wave. The antenna or %t handed
circularly polarized wave can be realized by connecting the third 1/0O port
23g of the phase 10 converter 23 to the dummy resistance and connecting the
fourth .1/0 port 23h to the signal conversion circuit 25. ,As shown in Fig.
9, by prOV|d|ng a second conversion circuit 26 simlarly constituted to
the signal signal conversion circuit 25, instead of the dummy resistance,
and by 15 connécting the second signal conversion circuit 26 to the
digital board 13, an antenna 61 which can transmt and receive both

- r.i ght - handed s b
Conti tuted. T PAred e HARERE Mk bR, ?Ql%&ﬁé%%ﬁﬁOC%%uwe it
si gnal Conver@n‘%'ﬂltﬂtfte%fsTQIé%anﬁlﬁnEh%hshE% %% cc& &ﬁ&rﬁlyblg%ﬁ{ézed

wave, and the second signal conversion circ Yorms i
conver sion ofCa.,dughpl by a | eft-handed ci rcuI arly poI ari zed wave. The
digital board 13 is constituted to conprise an interface for econnection
with the second sidlihe almwer sobodimentt RGcring t ke CRARhalhessli gi tal

_board 13 is 25 constituted to performa process for transmtting and

~ recei vi ng941 Fanwmidhinnasds aecebsnignaorigitt van ded aridedlzoly tidagided de
‘based on the signals_. respectively by right-handed and | eft-handed

circul arly poVaVezedlowever, the antenna of the present invention can be

used as an antenna for a left-handed circularly polarized wave.
The antenna for left-handed circularly polarized wave can he
realized by connecting the third 1/0 port 23g of the phase

10 converter 23 to the dummy resistance and connecting the fourth
J/O port 23h to the signal conversion cireuit 25.

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

15 connecting the second signal conversion circuit 26 to the digital
board 13, an antenna 61 which can transmit and receive both
right-handed and lefi-handed circularly polarized waves can be
constituted- In this case, the signal comversion eircuit 25
performs signal conversion of a signal by s right-handed

20 circulaﬂy polarized wave, and the second signal conversion
| cir.cui_t. 26 performs signal conversion of a signal by a left-handed
ci.rdularly polarized wave. The digital board 13 is cnnstituted 1o
comprise an interface for connection with the second signal
conversion circuit 26, and the CPU of the digital board 13 is

26  constituted to perform a process for transmitting and receiving
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waves. ‘I n the above enbodi nent, the phase converter 23 (see Fig. 6A) of
which line widths W and W respectively of the first andsjihgcht fogsd | i nes
23a and 23c are different is described. However, even if the line w dths
W and W2 are different, the antenna of the present invention can be
realized by using a phase converter constituted so that two signals

| eading to the conbined signal 10 have an al nost equal passage | oss. For
instance, even if the -phase converter shown in Fig. 6A has the first and
the third lines 23a and 23c of which line widths W and W2 are the same,
rand the second ‘and the fourth lines 23b and 23d of which line wdths W
and Wb are different, a phase converter constituted so that 15 two signals

| eadi -0 - ' I ’ I ‘ | b
ueed for the LaoRe SRt-Re ?ﬂ’v%n*{ﬁ%i%?%‘ié?%ﬁ%ﬁséﬁgﬁi&eﬁ%%@ﬁ%aﬂg ’

s iy _ OPHEPE e
230 wi th i 1§ S BEee oL B S R R8d ) 10 I 008 cLABSY foldsBifd or

lines 23b andwza3€¢s20 with different line widths Wa and W, a phase
converter constituted so that two signals |eading to the conbined signal

have an al nost equaln phs sdoee @abodimehe, uB@gExfa@é dored0b£2BYs0E Fiphe :
-present invention. 42 31 March 2006 WHAT IS AIMED IS: 1. An antenna for

transnittitng GAd of scich geawidihoW havnel W2 oosyé diivgly obthe fhgtenitp body
for a circularly pol arized wave which is
_ the third lines 23a and 23c are different is described. However,
even if the line widths W1'and W2 are different, the antenna of
the present invention can be realized by using a phase converter
constituted so that two signals leadi:ig to the combined signal
10 have an almost equal passage loss. For instance, even if the
-phase converter shown in Fig. 6A has the first and the third liﬁes
23a and 23c of which line widths W1 and W2 are the same, and
. the sacond and fhe fourth lines 23b and 23d of which line widths -
Wa and Wb are different, a phsﬁise converter constituted so that
| 15 two signals leading to the combined signal have an almost equal
passage loss can be used for the'antenna of the present invention.
Bimilarly, even if the phase converter shawﬁ in Fig. 6A has the
first and the third lines 23a and 23¢ with different line widths
w1 and W2, and the second and the fourth Iines 23b and 23d
20 . with different line widths Wa and Wb, a phase converter
cun_stituted so that two signals leading to the combined signall

have an almost equal passage loss can be used for the antenna of

the present invention.
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formed into a quadrangular flat board constituted froman electric

conductor and whi ch outputs reception signals of a diffe
respectively fromtwo feeding points; and a phase converter Wﬁlcﬁﬁﬁcnverts
the two signals of a 10 di fferent phase inputted fromthe respective
feeding points of the 'antenna body into signals of an equal phase and
outputs a conbined signal into which the two signals are conbi ned, wherein
t he phase converter is forned into a near V- shape corresponding to a shape
in the vicinity of a corner portion 15 of the quadrangul ar antenna body,
and i's arranged ‘on nearly the same plane as the antenna body so that the
i'nner vertex of the nearly V-shaped portion faces the corner portion of

t he quadran qﬂﬂﬁ; 0 . 2. The ‘antenna set forth in claim1,
wherein saldgw llaﬂtéonve ﬁ@gflﬁg antenna body are formed on the sane board
so that the inner vertex of the nearly V-shaped portion of the phase
converter faces the corner portion of the quadrangul ar antenna body. 25 43

31 March 200613. Thg aglﬁgémsfg}\;trg t'slfhitgur% ?t}n@ #,%cgéle%\gg sal d phase

converter is fornmed Iinto a near
| ongi t udi nal ¢fangrisiak: an el ectric conduct or formng a |long CI rcuI ar |ine,
5 first and second I/O ports into which said two signals of a different

phase arebinputted feingteeiaT®ddonfdrg difaelarly p1etiZRewatearhie55haped
bent portion of the electric conductor in
formed into a quadrangular flat board constltuted from an
electric conductor and which cutputs reception signals of a
different phase respectively from two feeding points; and
& phase converter which converts the two signals of a
10  different phase inputted from the respective feeding points of the
-antenna body into signals of an equal phase and outputs a
- combined signal into which the two signals are combined,
wherein the phase converter iz formed into » mear V-
shape corresponding to a shape in the vicinity of a corner portion
15 of the quadrangular antenna body, and is arranged on nearly the
same plane as the antenna body so that the inner vertex of the

nearly V-shaped portion faces the corner portion of the

quadrangular antenna body.

20 - 2.© The antenna set forth in claim 1, wherein said phase
converter and antenna body are formed on the same board so |
that the inner vertex of the nearly V-shaped portion of the phase
catlverter faces the cormer portion of the quadrangular antennsa
body.
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positions symretric with respect to the bent portion and in positions
where the length between the ports is about one fourth 1039 gacyey® ength A
g of the radio wave transnmitted and received -by the antenna, a third I1/0O
port from which said conbined signal is outputted and a fourth |/O port
connected to a.resistor element having a resistance value equivalent to
the i nput inpedance of 15 an external line to which-the third I/O port is
connected being formed on the outer line of the nearly V-shaped bent
portion of the electric conductor in positions symwetric with respect to
the bent portion and in positions where the |ength between the ports is
about one fourth of a wavelength A g of the radio wave 20 transmtted and

borts cand’a P ne i pereBaand fel i R ERY 108 4 ihent o pResEe  ng
O bor o nay o aRértends MPaRENASe U Vithdg, k&?@ﬁ“%%%ﬂﬁﬁdi\“%ﬁ&@ew”d
converer L orlenapeataay ovgesl atchs, oloant sieabiod Magihinyl Yl o,
~into which thertubasiigizal s after the phase conversion are conbined, 5 the
phase converter being an electric conductor formng a |ong C|rcular l'ine
‘which is formed i ntfirst andrsaéosith i peats intd chichi slddetwd al 4@alsOhOh t udi nal
ength, d1fferel_1t phase are inputted being formed on the inner lins of the
nearly V-shaped bent pdition of the electric conductor in
positions symmetric with respect to the bent porfion and in
positions where the length between the ports is about one fourth
10 of a wavelength Ag of the radic wave transmitted and received
-by the antenna,

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

| 15 an external line to which the third /0 port is connected being
formed on the outer line of the nearly V-shaped bent portion of
the electric conductor in positions symmetric with respect to the
bent portion and in positions where the length between the ports
is abopt one fourth of a wavelength A g of the radio wave
20 . transmitted and received by the antenna,

a line width between the firsi and the second 170 ports
and a line width between the third and the fourth I/0 ports being
determined so that the two signals inputted to the first and the

second I/0 ports have an equal passage loss.

25 o
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first and second 1/0 ports into which the two signals of a different phase

are-inputted being forned on the inner line of the 10 ne;;bﬁuqézgﬁﬁed bent
portion of the electric conductor in positions symretric W ¥ ect to

the bent portion and in positions where the | ength between the ports is
about one fourth of a wavelength k g of the signal inputted fromthe
outside,, athird I/O port fromwhich said conbined signal is 15 outputted
and a fourth 1/0 port connected to a resistor elenent having a resistance
val ue equivalent to the input inpedance of an external line to which the
third 1/0 port i's connected being formed on the outer line of the nearly
V- shaped bent portionh of the electric conductor in positions symetric

with respect to the 20 bent portion and in positions where the length
betveen he forts A BRaREGeTSREN R AP TA R VEPCH §ER Inog aghitlarendi gnal

i nputted fr t.he: | in i.dt h, bet ween the firs nd the_second
|/ O ports ag)g‘i azfré I ﬁnﬁgf&ﬁg?ﬁoﬁe{%gﬁ%ﬁg if%?’r%lﬁ‘jﬁd’t{]%A #hasendr t s
bei ng 25 det.gerHi . - ' ' tted to the fir and the
9109\ 25 SeLShEbaahese ohhitinklS kil SR ch WL AES A Sp ALt B

conmuni cat i opIaRRERI TN Ghe haNFiflgs and receives data to and fromthe
out'side by way of a radio wave, conpriding an antenna for transmtting and

fee te'hV: ng tc|h2 i ;rgdil?%_u@fsgasmﬁﬂei- i ARAD BB dt8i OBEn Bic{dIORS AR Nas set
long cireular line which is formed into a near V-shape bent in the
middle of the longitudinal length, | |
first and second I/O ports into which the two sigﬁals of a

different phase are inputted being ‘formed on the inner line of the

10 nearly V-shaped bent portion of the electric conductor in
positions symmetric with respect to the bent portion and in
positions where the length between the ports is about one fourth
of a wavelength A g of the signal inpﬁtted from the outside,

| a third 1/0 port from 'é;rhich said combined signal is

15  outputted and a fourth I/O port connected to a resistor element’
having a resistance value equivalent to the input impedance of
an external line to which the third I/O port is connected being
formed on the outer line of the nearly V-shaped bent portion of
the electric conductor in positions symmeti:ic with respect to the

20 - bent portion and in positions where the length between the ports
is ahaut one fourth of a wavelength Ag of the signal inputted
from the outside,

a line width between the first and the second I/O ports

and a line width between the third and the fourth 1/0 ports being

25 determine_d so that the two signals inputied to the first and the
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second I/0 ports have an equal passage loss,

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

wherein the antenna is one of those antennas set forth in

claims 1-3.
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