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capabilities for receiving and transmitting radio signals are mainly monopole antennas
attached to the casing of a device. Also known are helical antennas that protrude slightly
to the exterior of the casing.

However, in the case of monopole antennas, it is necessary to extend the
structure for each use of the device to make the operation cumbersome, and, there is a
further problem that the extended portion is susceptible to breaking. Also, in the case of
the helical antennas, because a hollow coil that serves as the antenna main body is
embedded in a covering material such as polymer resin for protection, the size of device
tends to increase if it is mounted on the outside the casing and it 1s difficult to avoid the
problem that the aesthetics suffers. Nevertheless, reducing the size of the antenna leads

only to lowering of signal gain, which inevitably leads to increasing the circuit size for
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of theyain body and the grounding line section. This distance of separation depends on the
center frequency used for radio waves transmission and reception, but at least 10 mm is
required around 450 MHz to prevent lowering the gain.
A second aspect of the antenna relates to the antenna described in aspect one,
wherein a length of the conductor portion extending from the start terminal of the
grounding line section to the first end terminal of the grounding line section is one
quarter or an integral multiple of one quarter of the wavelength of a radio wave at the
center frequency.
By having such a structure, the grounding line section is made to resonate in
fixed phase so that the node of the waves always coincides with the start terminal of the

shorted grounding line section, the antenna gain is improved. The length of the
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In this case, as a fourth aspect of the invention, it is preferable that a frequency
adjusting capacitance section is provided between an exit end of the antenna main body
opposite to the feed point of the antenna main body and the second end terminal of the
grounding line section for adjusting the center frequency.

Further, a fifth aspect of the invention relates to the antenna in the fourth aspect,
wherein a length of the conductor portion extending from the start terminal of the
grounding line section to the second end terminal of the grounding line section 1s one
eighth of the wavelength of a radio wave at the center frequency.

By having such a structure, higher gains can be achieved compared with the



By having such a structure, higher gains can be achi eved conpar eg W t h
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assenb:*,qchg‘lsc)tacﬂlﬁewmg an mductance section and a capacxtance section connected
electrically in parallel, are connected electrically in series so as to resonate at the center
frequency.

By having such a structure, because the antenna main body is made compact by
integrated circuits, assembling of the antenna into various devices having capabilities
for transmitting and receiving radio waves is facilitated.

Additionally, the inductance section and the capacitance section are comprised
by a plurality of conductor sections formed on a plurality of laminated substrate plates,
and it is preferable that the plurality of substrate plates be formed as one unit.

By having such a structure, because the antenna main body is constructed as
one unit comprised by laminating a plurality of substrate plates, assembling of the
antenna into various devices having capabilities for transmitting and receiving radio

waves 15 facilitated.



antenna into various devices having capabilities for transmtting and
receiving radio waves is facilitated. 4 3 0 JUN 2005 Further, % £N 2005
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i nductnméancse@twemndah@lmrmiamatghmg Isectipmthaliamgatcmdg endwetece ect i on are,

r €Specebi&, ¥uchMRNRE &REk of the matching inductance section are connected electrically
to the feed end of the antenna main body and to a midpoint between the start terminal of
the grounding line section and the first end terminal, respectively, so that impedance
matching between the radio wave processing system circuitry and the antenna can be
carried out so as not to lower the antenna gain. |

Also, according to the present invention, an impedance matching section is
provided between the feed end of the antenna main body and the feed line for matching
impedance values, and the impedance matching section has an matching inductance
section, and the ends of the matching inductance section are, respectively, connected
electrically to the feed end of the antenna main body and to a connection site that is
separated from a start terminal of the grounding line section at a distance equal to one

eighth of the wavelength of a radio wave at the center frequency so that impedance

Lh



electrically to the feed end of the antenna main body and to a connection
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ant ennfOVidss i cha way ORI RIS FHERPY FEtending PeU current
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Also, according to the present invention, because the grounding line section is
comprised by conductor patterns formed on respective substrates, the antenna can be
assembled easily into various devices having radio wave communication capabilities.

Also, according to the present invention, because the antenna main body is
comprised by an inductance section and a capacitance section connected electrically in
parallel, and a plurality of these resonance sections are connected electrically in series
sO as to resonate at the center frequency, the antenna can be made compact so that the
antenna can be assembled easily into various devices having radio wave communication
capabilities.

Also, according to the present invention, because the inductance section and



so as to resonate at the center frequency, the antenna can be nade
conpact so that the antenna can be assenbled easily into various ¥gvUN&8s
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section of the present antenna formed on a substrate. Figure 3 is a
perspective view of an antenna nain body of the antenna of the present

i nvention. Figure 4 BRIEFDESGRIBMQGN GF JHEDBAWINGS s an enl arged vi ew of

the induct angigureSPild LRedhtid Jﬂe% AR STHRcembBUditER oF thareriRNATRE presélitagr am
of a lam nation structure of the antenna main body. Figure 6 is an

equi valM¥#Rto% r cui t di agram of the antenna of the present invention.
Figure 7 is Bigliedisadibgramhowhew grgroundiunglihé seetise of theprésennaderon t he
substréte 8f anﬁfﬁg&? enbodi mrent of the antenna of the present invention.
DESCRI B\ EFERRED EMBODI MENTS Preferred enbodi ments will be
expl ai ned wi Figures¥ sragpecepetove Yiewdfaniantpana mainghady of theargentaond the

enbodi ot @vehfisn ant enna of the present |nvent| on. In these diagrans,
antenna A'1s_conprised by an_antenna mal n b and a groundl ng |line

section 2, afguiest sariepMiry eibigurechiapd s & Wg wieyofghe yugtanes equency
of 45056M73n ofGefipnal N Figure 2, the out er conductor of the coaxi al
cable C (fe round rin antenna i's
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Figure 6 is an equivalent circuit diagram of the antenna of the present

invention.
Figure 7 is a diagram to show a grounding line section formed on the substrate

of another embodiment of the antenna of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments will be explained with reference to the drawings.

Figure 1 to 6 show an embodiment of the antenna of the present invention. In
these diagrams, antenna A is comprised by an antenna main body 1 and a grounding line
section 2, and is constructed to emit radio waves at a center frequency of 450 MHz.

As shown in Figure 2, the outer conductor of the coaxial cable C (feed line} on
the ground-side for powering the antenna is connected electrically at a junction point G
while the inner conductor is connected electrically to a junction point S.

Also, between the junction point S and the feed point 3 formed at the feed end
of the antenna main body I, impedance matching section 4 is provided to match the

circuit-side impedance value of the wave transmission/reception system by adjusting the



Al so, between the junction point S and the feed point 3 forned at the
feed end of the antenna main body 1, inpedance matching secti on gtolﬁm 2005
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i nduct ghidaesseeditdcans. Hielgondddtot bodies ave ﬁenhtmatetlhb&s tesgindimnbeisaing 69 nH at
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t he resonanc n terns
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section E1, and the conductor patterns 11, 12 of the resonance section E2 are formed at
different angles to the coil axes. More specifically, the conductor patterns 12 of the
inductance section E11 and the conductor patterns 11 of the inductance section E21
intersect at about 90 degrees or a slightly more acute angle a at the junction point P2, as
shown in a top view in Figure 4.

The condenser sections E12, E22 are comprised by respective conductor
patterns 21 (conductor sections) having a roughly square shape formed on one surface
of the substrate plate 20 (plate shaped substrate), and respective conductor patterns 22
{(conductor sections) having a roughly square shape formed on other surface of the
substrate plate, that are oriented so that conductor patterns 21 and conductor patterns 22



patterns 21 (conductor sections) having a roughly square shape fornmed on
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The first groundmg section 2a extends, in the top view, towards a first direction

of

{(bottom direction in Figure 2) along the direction of the length of the antenna main body
1 starting from the reference point O, and bends 90 degrees to extend in the
anti-clockwise direction, as shown in Figure 2, and again bends 90 degrees to extend in
the anti-clockwise direction towards a second direction (top direction in Figure 2) along
the direction of the length of the antenna main body 1, and again bends 90 degrees in
the anti-clockwise direction, and extends towards the junction point PO of the antenna
main body 1. Here, the length from the reference point O to the first end terminal Q1 1s
chosen to equal one quarter of the wavelength of a radio wave at the center frequency.

The second grounding section 2b extends towards the second direction (top



the direction of the length of the antenna main body 1, and agai n bends
90 degrees in the anti-clockw se direction, and extends towards tf‘l?JUN 92005
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site Mgt Qreé th fist groupding seqipnelacyng ithe Brst enrbtermiiabQladad.ghe igaticent er
f r equepCy parl BEtht HRd LA mAificd b DY b&ARES tHeaBfePerR@PoIMID nd theCcoONnpri sed by
inserting and . nt’l ng .tttll acitors 51 el ecc}-rl cally _between the
juncti ?ﬂ?nﬁﬁf%s‘tg%%éﬁﬁ“etﬂﬁ @@3 Wa\éﬁiﬁ‘%'é?’?ﬁ%ﬁé? ippvaxp 2f the €B€bnd gr oundi ng
sect i ofieqifenoy) the printed board X so as to provide capacitance val ues of
2.5 pF at 4 4. 7 pF_at 300 . L: ' S, - possi bl e
by havi ng tmsghé(\:/g';z%%u&n%%?éug e cd%g%l%gé%?lchtg gaqg%%'r?iéﬂ%% tl;ynmadﬁf]glg%g to the
conducinountprg the capacderscyl ddeddriedintetweantbe gingtien poniBl aad the'sesorhed
coaxi alnCfthinaCO BE Hel Ao RPrbEAdIngdecti®f 28RAWRe bAnfel®okAPX s¥a8Y6 i N Figure

ant enrBICAISe SERASHn ST R PO TG T TeAt 00U P AUBSHIETE ot abl y
on t hearepiddatpogsiblody havingand dapsdifoes fre, at the location of the feed
point 3, it Bral %heaprfirﬁgcfi b4 5" addition to the conductor patterns described above,

there are formed a "C"-shaped coaxial cable connection pattern X1, as shown in the top

view in Figure 2, for connecting the outer conductor of the coaxial cable C, and an

antenna attaching pattern X2 for mounting the antenna main body 1 stably on the

printed board X, and furthermore, at the location of the feed point 3, it has a feed pattern

X3 of a somewhat wide width. Also, on its outer periphery, for example, a cutaway

section X4 is provided so as to fit within the inner attachment space of the device

having the transmission and reception capabilities.

In this embodiment of the antenna A, the antenna main body 1 1s comprised by
circuits formed on a plurality of substrate plates 10, 20, 30 and 40 which are laminated
each other to obtain a compact size, and further, because the antenna main body 1 1s

10
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first ghooodiashge §@Q1tqno’nlsz>ae\@fltesiﬁ@ pegseysdhagain. Meresuen b@%uge the lergsh quar t er

of theoftﬁ@ﬁ%t%ﬁ‘&]d@in?ésefch@n 82t Bk gfrétﬁﬁlhkﬁg‘I@rYeseEﬂ"&li'isr&Ie 2AdPEfihg section
2a i s to resonate Ln fixe hase 1 such. a wa at the node of the
waves ‘HFWEW'&G‘E EiCHRET HFUPIERL eB@f 8¥°é‘ﬁg'é‘g;§8‘f‘iﬂ“76 gf“ RdO EFSORREA i rst
gr oundiixg! stasé irogucha wdy that thb@odestthe heaveoninags taincided withlthonnected to
e onersBibelof s P Bebnty sl PINSLARGR.ERGI 0N 22 of the | medance

mat chi ng sec Sthh oint of the first grounding
section 2a, Ak, bmuwetrhgmmtﬁ@tlmenﬁe Mw@ormected tmibe opoend obthgmatchieg

Connecltnhﬁaaﬁdeté%c%ﬁ 42 8fthedhnp %o@h&%ﬂh §ec¥191?4‘4‘@£!r%|vﬁi@9tn'ﬂ ttRf midpBidtadi o
wave atfsfg g center frequency, éﬂfge ang}ﬁ mat c % circuits . in the wave
EF ams P G EBTEATCGS Ot S B HFIACER TP HETeR TR ARG o
manner cdnnattichosie Maé sdt@Qnbiie én@ﬁth&jﬂtmavegatgﬁh oﬂhs@adxbemuaetﬁef&n{eengt h
bet weeg he selcogl?q{lggouartlé{ig r[se:rcct Ltgn éle O elhe mgm Pp d I [ nsg section 2
i s one &1GAtH 'GP wav el Engt A G th ranucE e EsR e tion sYe™
and antenna A can be carried out in 2 manner that does not lower the antenna gain.
Also, because the length between the second grounding section 2b of the
grounding line section 2 1s one eighth of the wavelength of the radio wave at the center
frequency, and the frequency adjusting capacitance section 5 is provided between the
junction point PO of the antenna main body 1 and the second end terminal Q2, the center
frequency used in transmitting and receiving radio waves can be adjusted in a manner
that does not lower the antenna gain.
According to the above mentioned embodiment, the antenna A can be easily
assembled into various devices having radio wave communication capabilities. Here,

the antenna A can be incorporated into the devices without adverse effects of
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frequency, and the frequency adjusting capacitance section 5 is prpvu§9s
between the junction point PO of the antenna main body | and the second
end termnal @, the center frequency used in transmtting and receiving
radi o waves can, ,be adjusted in a manner that does not | ower the antenna
gai n. ARUEMERGH it whichdhesiennans mousisddMOREYET. HehPossible taparensidt A can be

easi | yimgéiﬁﬁé’@inﬁfihiﬁgt&t%@ernitﬁ@ﬁnt@ﬁ% AQAd BRW/ G tFAGnssWAMBCGRBRUNI cat i on
capabilities. Here, the antenna A be ingarporated into the, devices

n .
wi t houtY Sk diteuireducing thsranfqnng saing fRjustinent of My seaterisausney whvdich he
ant enngadic wabstre ebceived QY Bansmitted SaiPBS slsdkarried oGBEd & M to ioWedance
mat chi nqg bet ween the antenna A and the wave transm ssion/reception
systen?‘&le’?wn'reduci ng the antenna gain. Adjustment of the center
frequency at Itwhowlll bermeidahaveaithsuglt thercenter fregueand farrtamsmittihgdndan be al so
carried out sg.as not to.o ant enn ain. It shoul.d be noted that
1t houtsrebne ARt el el 43¢ P e Alingy B BAVIS SRS waves
was fi ketisatalutSAs kizgentdrdreqeerognndreasgs mther,tbe dntamta teinrbesly rais eietichs t 0
this v g fore fncreases further, the antenna nain
body a@eﬁ??rﬁz&émﬁ%%gérgéanndtlgenlgh!ﬁ]ﬁéa“segction can be nade smaller. Also,
for the | engilbo,der thedengthbetwebe thenetergnsiemoig Quand! thiadirstiend teramualt@l,ni nal

QL ifeid per SIS & teanlifte ST nAMifI0bESA uarn%rmewexeﬂgﬁl SMBE t&fio Of the
wavel ength of the radio ve at the center frequency uSed to

t r ansnPers gdbe genterfacayengrissd to Bansant EssRiy e Aadip aves fromamsenmadedn, ¢ he

| engt hthef erhbitifmensS thedeRLA OF i fHOCEro@ndid@ s&tioh 28 oFk LRding iR section 2
was nade. .egyal to%aro?gqe Oﬁarter of t % wav el elgggg}tlh f the radio %ve in
order TGUONAR¥ERSMadGRARAYI0 9oRF AHarteT R The FAvale |8‘E'§’Fﬁa BEAVE I OHEIP t o be

| i m t echakoa sinaKerl aanginh As boththistlbegth does hatlfeedro bdliméed) trathi elength stble

wavel it SheHaif 5 e%gdggg%%hmﬁgﬁﬁnagﬁﬁ8?94%7&%%&%%&&0@; results of

absol u gal n produc y an an aving an_ ante mar n ‘body, whose
ext ernal di mEabde drsbows thezesulimof ebrgltie gainmpdicdd Ry an@neEnnahaying ékness,

Operaé;ﬂﬁerﬁia rﬂ’iﬁﬁb@ﬂ @Qﬁg%rrﬁydﬁﬁérﬂﬁinis@g:%@ﬁldﬁﬂ@?{w?ﬁmt\)ﬂ&}fdrﬁ% en
groundl ng,sectl on a n e ec rounal n e 1 ONn S sSnown I n e
t abl e, ML “EWPB%{G@ﬂ@W%W”&% a‘ﬂ%‘é‘%éﬁ“g@ﬁg‘%&éﬁ%gfﬁoo #1 gnd 2a
cm Nongro8ndifig 3€ctiba 2203 3he&comtPg@iunding Bedtim) 2bNarskova et thblee 8 8 8 12
Gain dB;) -6.86 -1.61 -2.55 0.94 2,07 -0.98 2.20 2.55 From Table 1, it

can be-seen-that —wh — the first
groun iFr’iiﬂU@BF')f (Mjﬁlzb is one quarter of $H: wavel ength at 66 ( m38P tlhe
| engt h_Wavelength (cm) 66 100
#1 gnd 2a (cm) None 8 10 16 16 20 33 25
#2 gnd 2b (cm) None | None! 8 None 8 8 8 12
Gain (dB;) -6.86 | -1.61}-255| 094 | 2.07 | -0.98 2.20 2.55

From Table 1, it can be seen that, when operating at 450 MHz and the length of
the first grounding section 2a is one quarter of the wavelength at 66 cm or the length is
one half of the wavelength at 66 cm, the gains are, in fact, increased. Also, when the
length of the second grounding section 2b is made equal to one eighth of the wavelength
66 cm, the gain is increased even though the length of the first grounding section 2a is
fixed at one quarter of the wavelength.

It can also be seen that, while maintaining the parameters for the second
grounding section 2b, when the length of the first grounding section 2a is increased by
an integral multiple of one quarter of the wavelength, the gain 15 increased.

It should be noted that, although the absolute value of the gain is not increased
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one half of the wavelength at 66 cm the gains are, in fact, inc(rje[g @g

Al so, when the length of the second grounding section 2b is mad Z EUUE'

to one eighth of the wavelength 66 cm the gain is increased even though

the | ength of t#e f.irst grounding section 2a ig fixed at one, quarter of
g Resafho the

|
the wavEERYtH the gaigg ¥ preakouhen the fensiihet the Gast giaundinggestinn 2a
]Loar anetiese efjghthtdﬁehefﬁsmz gtigraad figH $n &gﬁ%ﬂemd%@mp\tﬂm%tmﬂle:vtaml& Bf 0]1: the
I rst oundil . SECL,I ONn | | rease .an Lntegr mu I ple o one
quar t e OB RBSiaGeRdbh R B A Euntingaeaion 14 Shortt o DEb L e
that, ahdntheghlut hethalpeat Fuetheakheepaak vhlie igelestly Bighed conpar@psiilan12 3 0
JUN 20 n does show a peak when the length of the

05, very .much, thg. qi
first apgaﬂadfn%vdn%gglgrodw T% 1% S5 ght h of the wavel ength, and the gain
i's i ncreased Indrepasedf sparitidoie 30aIMHs, ipfvas fdmﬁghﬁttmhe)g}iimilsﬁﬂ&emdtn t het )
I th orter..or |onge n e
val ve. afteph¥ishih e BHERIAARE SR 215 oFe 0RHGEF i wr e 08 e
Wi th am, and therdengibof thy secorgh gronmtling séctina 2bdeonoeighthroftivewaedengti.
operation at éaﬁ?clg iMs ethbo nf ﬂwﬂcﬂﬁ%istéﬁgh Gtk the! e u@ﬁ(gyg@ﬁgiggmen the

|l ength of th rst grqun I'ng’section 2a 1's one quarter wavel engt h
at 100 capasitangecdestinn 1 sngsantedfoetwrendbe mnatien peintP@ and detseemdZadi s one

ei ght h (ghitNOQ1eres 08hA fgm%rﬁ%g deBtid2tS 2RH PO HFBEEd td 18 eRlekidFbEWE 1S such

that the frequency adjusting . capacitance section 5 1s inserted between

the j uﬁE‘teF%ﬂpg‘i“ﬁ Veﬁd ﬁrP&”Pﬁé‘bgf‘éeoW&“%%I stryctyng; sl thapthsirequencyecond

ar oundiatfgsti@rtdpacitate s@ﬂi;dmiSSis pesvidal iside thel difermk 1€ Tan@ E]hecgﬁcérﬂﬁehndapt enna A,
owever, it 1 m ssible taqg. arrange,a. structure suc at the frequency

i et rergta 6% AR e S 2R R G isT o tehe Gectiido WibntiEoa, and t ne

secondpemtiPOt ermi nal @ of the second grounding section 2b is connected

directly to ?Uﬁh&ﬁmﬁ'&iif)ﬂ (Pﬁpfﬂh%lep t%'coﬁéimc?grsfméﬁre Jutch hﬁn P‘ﬁer érﬁi' Qde to
construct_a structure suc t hat t_e second en termna IS connected
di r ect tgrmiggl Qfaisicapractedrdifsstly to e Jungi@nieinhPR, and frmea fst eleeteodstof t he

f r eque BfratflieHS) Ad)@stmRRABAJIANESsRA6h KAt sRtodderi@erne wEildronal Q2,
while, on aptenna A, , a second ele trfode is.provided to form.the
frequeﬁwﬂ%ﬁugf‘?%@d Ek?ﬁféeﬁ?wr%%‘"d o fogn the ff?ﬂt@a%é YO8 FARAE R0 Re fir st
el ect r sgltion ¢ inabperhéon with elmnfirsPeliestrodesotthat vaen dnbahnp Al i8tnedhnb@asrd X, t he
first r j i . aci tance
Secti on P RfiEP Rk C e ORF8nd BEON BEldRIMGIE A HEN Wi FRREC! °

ant ennaapreitargegestian 1.dn tihe canei by edjuiiingrtbie distanap and pesiten obdniermadf t he

frequepgiedbUbd pridted 68RACL LAPESIaRESTAINN oF thefteliRendfhditbifth 1 n ot her
ency,.used for tra ssion/reception of radio

words, the.center. frgequ S
waves E%R?Cﬁ%n%(ﬂe‘(‘féof“eﬁg?“l %(%/dé‘lli}‘?cﬂﬁﬂ‘ Qther pgr Shg;eé:ﬁﬁtﬁﬂfrﬁ%?ﬂncﬂéé‘?ﬂ'éﬁed above,
t he st trasdmission/secapti@angddionwsws kam be wajysteb dlexibhe first and second

gr oundi ng Se%lgo? ﬂ?th%%mb%girﬁéjnrt rd%%‘c'}%eﬁ ggo%mheensrt]r%c urga B al%%%}éed in such a
way that the first and second grounding sections 2a, 2b surround the antenna main body
1, but, as shown in Figure 7, it is permissible to arrange a structure so that the first and
second grounding sections 71a, 71b are used to form a grounding section 71 essentially
in a linear pattern. That is, in Figure 7, the first grounding section 71a corresponds to
the first grounding section 2a described above and has a length equal to one quarter of
the wavelength of the radio wave at the center frequency, and is formed so as to act as
an extension of the second grounding section 71b. And, the impedance matching section
42 A for impedance matching is formed by a pattern that extends from the feed point 3
of the antenna main body 1 and connects to the junction point G

The impedance matching section 4 is comprised by: a matching capacitance
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1, but, as shown in Figure 7, it is permssible to arrange a structure so
that the first and second grounding sections 71 a, 71b are used &d JUN 2005
a grounding section 71 essentially in a linear pattern. That is, in
Figure 7, the first roun? ng section 7éa cor.resgo Ss to Jue Li rst

gr oundiestion AL insgriedelectsal i igSanahRIwee e functign PRl SrFosRtrisd ©d o ne

quar t ejnnef contiiGtor et esdtdl c@lf.:let(iﬂaud thdifeedvyng 3adjf thé enteri mainfbodguency, and
is formed so ﬁsto act as t ensi gn i

f t. h t
7T, AT & PR hing BAREE RO T SBREtEh e BRGE TR e 28 O MELRF ng | o
for ”egﬁ%}/gl?uﬁ@iglg@éﬁlohwiih o@ﬂie%’rdﬁncfmg){mé Emtlbeegas}:c?)v_r_'ﬂble;%so af totrim&clant eﬂna
mai n (0] an connegcts unc oL Nn e | ce natcnin
Secti ovfih ap ingtages e oG0S kb RS e ThrrCer iSRS I8RO0
section 41 iHem®f t}ednatlang cipaaitinceisectioard ldnviey avwpacitdnee plidpFiaddSPoi nt S
connecy o i SiiEed AL pERRYEAY X Olncl e SEATBhaGANE Copdid g | ocd

poi nt Mai N uctance section
42A cocumeprised bgladEt rshapdd opndm:tohmatifeae&rmod on tige lam!ed heard £X sa&2s 1gr oundi ng
sectio o match
o ool 8 4 19 208 S0 Gng bAFRCE obfhoted Aidcaliiothe 34 Fint
circuil asqlgtﬂlemﬂd-léﬁ@ﬂneﬁﬂé qlmtrmlmgo theprestiogmasntsact i on 41 having a

capaci tance gfso3hRfreghetty k8palRAHYe 86kt $ﬂ%vﬂfebﬂi®d:tmrd X, and
t he mat chi ng | nduct ance secjtl on 4

conductawesyi i 2ph at o MEFzand e Ph At %Qoelaﬂf?ogﬁ‘i[jwﬁowégft’zﬂmﬁ?%ﬂg about 5
nH at ghoalntiddzthe aihcRBR Sarﬁlledusca@@m&aﬁé@dhejmhm paiht PO and tHeeset@eld point 3

d oth 1d t I G A th
' equettEyeqanator A IRaRka dndilits St 7o shaff HULEL bERaRO e © UP0s of
2.5 pFad;mstmEﬁtsl‘demadﬁdpdb_sfblqur bavighOvavkpaciterd Sils conpri sed by inserting
and mounting g glgreciagls%'tl{ep ﬂ'\&?iﬂ%%é §aﬁr?c| e{sﬁh@ﬁgﬁﬁﬁrﬂ ik ??gdré&nﬁd ®n poi nt

PO and the seco e second grounding section 7lb on
the priragsgnibasamoceierime "Ua‘cﬁ"%l&tar‘r’éﬁb%” SFRlanabiges Yot BEESHYY-havi ng t wo

capaci tors 5Accdrﬂ'm§'t(9 H’ﬁ?vgrlat:@h lex@hpRI b&aniesthe @%unar;ﬁatk ligroaAding finet hose
ven the sane.ref

h Fi.g | dth
cxpl arieiONaS Bge ot el Ry SREUPEIAG, £5o1 P Bo05/d WEBH oxarpl e,
becausefdctieelgras tindrapiating elegrent redabigng theenterna ¢rardctérstinniain anda st r ai ght
line a 1rect19{t§)%%cﬂerf9nmr lﬁ-fpré\;edcﬂblp 4 SH@\g?tl-n}%QeJulﬁg oF h%lut@%%ﬁ rbéﬁﬁ!eﬁ as the

radi at the ant enna characteristics @g n and
di rect bwmt gtenns Ashownting FguF‘?rfﬂr kpving amamenmanaip §ady Whesy edeinel of

athO' Ufitned@ibfls We%qﬁﬁdenchutﬁﬁmaamﬂaad AmER6RndsE, eﬂdlé(ﬁat745tdr’;h€h\d!5 ng an ath
ant enna nal n e ex r i mMensi,.ons are mm w
and 2 RA ch'?&’n%g‘ésmgﬁg? EP@@ %ﬂﬁgﬁt giRyndisg seqlqn ﬁ}? ag‘?th Ei%ﬂﬁdt he | ength

of t hegroundihg géciendilbgs saficatahinthatabiel t he second ground| ng section 71b
as |nd| cated in the table. Table 2r3b1e2

Frequency (MHz) 450 300
Wavelength (cm) 66 100
#1 gnd 7la(cm) |None | 8 10 16 16 20 33 25
#2 gnd 71b (cm) |None |None| 8 None 8 8 8 12

Gain (dB;) -6.86|-1.521-245] 1.11 232 |-0554 247 2.79

From Table 2, it can be seen that, when operating at 450 MHz and the length of
the first grounding section 71a is one quarter of the wavelength at 66 cm or the length is
one half of the wavelength at 66 cm, the gains are, in fact, increased. Also, when the
length of the second grounding section 71b is made equal to one eighth of the
wavelength at 66 cm, the gain is increased even though the length of the first grounding

14



Frequency (N Hz) 450 300 Wavelength (cm 66 100 #1 grid 71la cm Nan
10 16 16 20 33 25 #2 grid 71b (cm None None 8 None 8 8 8 12 Gai n3<EBJUN 2005
-6.86 -1.52 -2.45 1.11 2.32 -0.55 2. 47 2.79 From Table 2, it can be seen

t hat , When ergt y at 450 and t | ength of the first gr oundi ng
sect i OWC?Q% e %ha??@war@r Hie was " th at 66 cmor the length is

one hal f of Itmenmuebemithatamﬂém:amainhsgmalpmﬁnwt&s forthé 8&bnd i ncr eased.

Al so, when.the P@mag thgﬁ ﬁqu@gr oundl sect.i 02171b is nade equal
to oneSOPBinG S%"r““P el gihgtt ‘&‘rﬁm‘t‘ NERACHOR {13 RAPEERYE even

t houghb he:dt&gﬁgitlhulobletdfe)nfelqnsﬂergffohmdrw@eﬂgih 3hOgabis RRfFasedsection 71 a is
fixed at on anter o vel t seen that,, while
e i . TS Bk nbled B8 fbeRRR R bsatyte Gl AR sR DSBS TR AR when

t he | ewgy imwh, theeain daes slymwurpdaklgfhsmma longtil bé thedfirshgroandieg sedtypndila

| or sasa® YertERES il RenBHERClhe Bhin P RABE S8 ed Wif BEVAIpSOt e
gai n itheigein obtainechwben thedengthot the ﬁrbﬁegrgamd«\nglwyos Adavissshosakonagert he
! engt henh tl’ie*\%hgé di3he g&‘i&“?&'&ﬁ@ the Eél?ﬁ‘al@éus%lea& 2 h\%\f‘er %bﬁxgﬁﬁéd%tﬁ e

wavel engt h, an aln I's 1 ncreased conpare val ues of the
gain omtmmé@vmew grRendipg o sestiophe first grounding section 7] ais

shor ter or Ipmeeaset&%e.tahsn wab oMMz, (theasiBakd thEmhrefgarmstime@,saik value is
cl earl r co rg_d r&f ant gnna havi n roun 3% i ne
sectio HERIERD FStcﬁS%‘t‘ 7% 5poLipn 208 M GUAteR Ridlly BEREICRRAR ( he gain
is |nCI(HBcSrﬂChndWﬁEITEng’t‘l'eoﬂtﬁﬂgédbnfbfgrddméirfgl sestiorgT Lisdhagighacoftha 71 a i s one
quarter of d wavel ength at 100 cm and the length of the second

gr ound] ﬁvel ion 71b is one eighth of the wavelength. Also, it can be
seen that chlspait sdn bk sdentthed, caspared withihaepse o€ hgring tidi grguddinglingect i on

surrou g&gsx}rnﬁuﬂm&ﬂgﬂnﬂgﬂhdﬂmgﬁl%og# gggfhdmé pleliént Bh@ARDs iRGeRA2 1S

i ncrease However when t Ine section Is arrange to
sur r ouHEWEYRS, WheHisronnding ]b‘lf‘oﬁFC“‘P'hés W@s%ﬁ fo syroundtheragteniamdima can be

rngF smiyl ﬂ?ov@tﬂlhsu&%f&ﬁ@arﬁ@m&&ﬁﬂ HeYmadeasiiadlet, Bgt, tab arf B@saehs'oys hown in
apl es an

2; t he, val ues gﬁﬁhfih alnlsho in_ Tabl are not

o at | SPGB PRI GOETORARH | ey BRI SRReREA 64 hRVB beent

i nvent Tarke drebdegredtly lower than theho sisevein Table 2. cAabrdingly, the gresgati n by

Se' ECti'nognt%J?leen%Ql%Q% us@f totcﬁl%o% aHﬁP'{dWQnJ fo‘?ﬁgﬁ%ﬁ ”sééctﬁ]g‘%ﬂ@ shdpeli gure 7,

to alm conpac Sl ze overa na as hown T n F|gures
1 and of the groymdinsdinsseriinnes shawn ip Figuse dado gim fcprea eprerastipiag of th§e section

ar e NnogvdralMaitecha atsq,hbhgs@}:ﬁéﬁ@ym i@ Figures 1 and 2 or Figure 7, and it is
obvious that Itcs),ﬁonﬁd be rr‘]%ﬁe% that the E}'napes of the grounding line section are not limited
to those shown in Figures 1 and 2 or Figure 7, and it is obvious that other shapes can be
chosen to suit the casing of a device that contains the present antenna.
Further, in the antennas described above, the antenna main body has those
structures shown in Figures 3 to 6, but a helical antenna may be used for the antenna

main body.
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chosen to suit the casing of a device that contains the present ﬂ]tsﬂm@
Further, in the antennas descri bed above, the antenna nai n body ﬁfb
structures, shown in Figures 3 to 6, but a helical antenna may be used for
t he anVéahis clai®ef Body. 15 3 0 JUN 2005 What is clained is: 1. An
antenna conprising an antenna main body that resonates at a center
frequency and a grounding. line section, cgnﬂect ed aﬁ'obag rolund-si de of a
feed |l.ne, fAHR anienpHFYPRIE RHHAENSTAED BREL AL SHRTAES ﬁenﬁﬁd enitting
radi o Scfhnd DErRBhE Nine htiaHenGHectehfy £prouhdieidgiodafekdite] fare section
has a cohductor portjon that exgends rom. a@gt art ,terg}ilnal at which the
gr oundsupglyingROWEIGP AT &hna dRAE BP B ARG EPHENS BGP PRV R L Fif st end

term ngl ueﬁ@%eﬂ PeiA eI Ok bi 8 lind @ cEOmBl @dndpadt partios Xiargiiends frorom t he

start tetm ndl of the groun |ng l].i ne section to &dhehfi g eeqﬁutfe;gtm' nal

of t hea grBueTaiPR] 2 WhChbE BICURTING DPRECYIAr T EPIETCIP § ﬁtf%“g"lr K T3t ol e of

one qua{defmidhl bhRreiNaY@lganatife @bnduciorgoajomave at the center frequency.
An antenna according to claiml, wherein an i npedance natchi ng section

i's  presesting Betvibentad tbresdalad thogrouhtng Hoe sstionmsd thefseendnermpd f eed
line fq t chi -] ; i i ection
%@%ﬁ%‘d%:ﬂe@&%ﬂ% @n¥ GhateS or Qﬁ]q%t%é;tgl ﬂ'n?iﬁigme R JTEhS

has a uct'ance section;_such ends of the matching
i nduct anavedensbof amadip wardarHde feieefereri¥eal |y to the feed end of the
antenna main body and to a m dpoint between the start term nal of the
grounding |ine section and the first end termnal, respectively. 3. An

ant en g,adag c?ﬁ theﬁxtlz.th ﬁbcfﬁfd%;jgno]claim?e g,ﬁiwﬂeﬁ{h apganae brﬂatlﬁhg gg:xis;adﬁ io 3 : s
provi ae en e e e (0] e ant.ennha n ee I ne
P or e St e Fith SEibn eyt math S pHand feBd il A8 ki ink o

sect i onmpeadanae welued)iand) | nduct ance section; such that - ends of the

mat chi ng indq&é%g@§ dt ?gge%ﬁseM@%ﬁ@ch%g%aa&melsxcm;rsm] fheed end of

the antenna na an a connection site ch‘ﬁt ed He;v\gen tEe start
t er mi ndhe enl of the matching indvgtanes secHEP arsrcopRectyt HEREFAL witheteedeps 6h,

r espectihy glt¥inal faif boby @nd'@ya hlipbing bewgh heddtarttepminabbf theggrowmlimgi ng | i ne

section. ext endi nﬁ 1&r§n‘{tr}r%iei start resterm al to the connection site is made
equal tBESREBi PR BF v RV E

trvely. . -
enﬁ?‘h OF a radio wave at the center
frequency. 4. An antenna according to claim1, wherein the grounding |ine

section furuler. H28.ArGREMALYH ROWhERM LiPiifREatte watBRgIsediontiom t he
start ferm nal to a second e t er m nal. hgt IS h((_;l|fesetdzilnnc;‘:e0r L};?Cr}?n} he first
end t erRFPYided bepween the feed end of the antenna main body and 1 g
an input impedance value, and
the impedance matching section has a matching inductance section; such that
ends of the matching inductance section are connected electrically to the feed end of the
antenna main body and to a connection site located between the start terminal and the
first end terminal of the grounding line section, respectively; in such a way that
a length of a part of the grounding line section extending from the stan
terminal to the connection site is made equal to one eighth of the wavelength of a radio

wave at the center frequency.

4. An antenna according to claim 1, wherein the grounding line section further
has a conductor portion formed by extending from the start terminal to a second end

terminal that is distanced from the first end terminal.
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3 0 JUN 2005 5. An antenna according to claim4, wherein a frequiﬂg)(m 2005
adj usti ng capacitance section is provided between an exit end of

antenna mai n body opposite to the feed point of the antenna main body
and the second end termnal of the grounding line section for adjusting
the center frequency. 6. An antenna according to claimb5, wherein a

| ength of the conductor.. rtion i 1t I knal of the
gr oundi ng Wh@qwétﬁcg%d{“%QP [§e ec%r(fgﬁée?%g%q%%qp.ﬁlﬁEAa%ofﬁgﬁgpéiﬁg{fﬁdi ng |line
sect i ogection Bngoeidehbérwatn thexinandbthgenicota maindedy onavelede helred cent er

[ equenoy: ot AR SAINASEN e RebB Gobihfal MRS Giolnbigg e ounding | ne

secti o he conduct or portion Torned by extending

f rom t fetisit fortadiusting del center fiteheerfcyr st end termi nal and the conductor
portion formed by extending fromthe start terminal to the second end
termnal surround the antenna main body, so that the first end term nal
and the secamantemeh dceprdimpto drign oppwhereid & lengh ohthstIoB8FUE RYBM a way t hat
these  conductor BOLLIADS:fOf SPiRe LRPRIREARE stBYh NGIRLORRIENAY at the
first 8’?%8” %#l%nmaﬂggﬁéﬂg?mk@h@ts_e ond_]e%d térm’ nql. g An (Snt,enna

accor dienginzbofihgignowdingherecsentioms e ikt fighe PagelsrgipichA o W2¥qAY i sed by
a condygt pyfabricated on a substrate. 9.. An antenna according
to cl aﬁ%}c@ﬁteﬁﬁgéﬁe{nﬂyt he antenna main body is constructed. so that a
plurality of resonance sections, each having an inductance section and a

capaci § ancea § affeh@accornge teedaigh e 6 whealnl the igroupdingllinelsectanmes connect ed
electrical|y in series , so as todes (£ y. 10..
An” ant BrAvAdCEaE e SRR PRI TRARr e AL e AT Bhn L BRI

erein uctance section and the
capaci tiaenfrel eslceiminalarnd thonprdustd pbitics fpimaddly @gendingBamibe #atsect i ons

formed, on. g, tcpihlérs@édntdyengfterjrﬂﬂg%Pr@ﬁinéﬂllaiﬁ{e%@mﬂinadcﬂ% scodhgt the@rPlend al i ty
it ate forme

of substrate p s are as one_unit. 11}.& An_ant enna ac&ordi ng to
BREEg "

¢l ai m e rrd thetsseongrandrifanAal 4 BBRRFILF © 75 SRS TBEPFS e body
for i nteghalidrieridi fémh eNsd sMpahhosly ambidnirtghe Usufvst emt termivdlandiat

the second end terminal.

8. An antenna according to claim 6, wherein the grounding line section is

comprised by a conductor pattern fabricated on a substrate.

Q.. An antenna according to claim 8, wherein the antenna main body is constructed
so that a plurality of resonance sections, each having an inductance section and a
capacitance section connected electrically in paralle), are connected electrically in series

so as to resonate at the center frequency.

10.  An antenna according to claim 9, wherein the inductance section and the
capacitance section are comprised by a plurality of conductor sections formed on a

plurality of laminated substrate plates, and the plurality of substrate plates are formed as

one unit.

11.  An antenna according to claim 10, wherein the antenna main bogy is mounied

on the substrate body for integrating the antenna main body with the substrate body.
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