11 APR 2005 ANTENNA AND RADI O WAVE RECEI VI NG TRANSM TTI NG APPAR%B”EJEPR 2005
- THEREW TH AND METHOD OF MANUFACTURI NG THE ANTENNA BACKGROUND COF

" INVENTION Field of the Invention The present invention relates to an
antenna, particularly a conpact antenna suitable for inclusion in

vari ous devices having capabilities for processing radio signals,

i ncl udi ng vari ous comruni cati on devices that can transmt and receive
radio signals. Description of the Related Art In recent years, there

have been i ncrANIERNASSD RADIHWAYFBECELY INGTRANSMIETING f r equency
regions in a range of sevgppArRvpdragsrReviizZaALp several tens of GHz due

to increasing demand for various devices ha k_&‘g capabilities for
transmitting and MEEIOPHIF MANYESCHIIARING [TFE Al ri ous

comuni cati on devices for processing radio signals. Cbvious uses for
such antennas include nobile co ni 1.on generation traffic
managenent systens, norﬁégwm pﬁﬁﬁm&?ﬁb%utomti c toll
col | ect Fiel SH%Bd BRentidiit 1 n addition, because of the trend toward the use
of wireless data hand|i n}%ﬁ{sgems t hat. enabl e, t@ hand| e dat wi t hout

1§ g

usi ng cumber soh¥ PEHH Hye tes 19 3p Anigans, pptficy y8§8mﬁftcﬁ??e3f‘a househol d
appl | angseblelooigisioRen VaoRs devices vingrapabilitils for jrébéssibh uatiosiphaland t he

like, it js.anti.cipated t.hat the. us f such antennas w L.l al be

t despr Bstding erifod Sipldion diE b tpar SR AR dhti Boa8. 0%,

var i ousDeusipeos of tite Relate@Aeiss data handling fromvarious termnals, and
the demand is also incr ing. f jcat | i teri r
nonitoring i nfl(%llrr & gﬁargﬁﬁé\rlgﬁl éa\rlé)l;gﬁef)lgﬁs)"?lsdrlsgﬁudrsa{%ég’is}tehg%ngeIﬁCﬁrelggg%é ot her
saf ety meinagyenenegons incamnga df #@Sral hoidnedsaff MHE ¢9 saveraliena jof GHy duej nanci al

syst ens,, . : . I I r£ e A : : yde field of
comrer ol THARGnEBhyERo! Oikio Ay REOLAS G L0 RN iR o e
por t abl echiyinggadieisignaks, inelydine yatpprcammypicatioglevisadion grargeseradio To dat e,

SUChb?PEigﬁHié%%ﬁrdsE’_ﬁﬂu RNVt &BainkdY AdbAe Sor@uhiegSor3 vdxn g
capabi ||

ies for receiving and transmtting radi o Si nal s are inly
nonopol &ENSFAtRTELIC FiapageREnt %Yéteﬂ?en%g?’ﬁﬁa%g tépeo‘”é’\ﬁscfgf 3‘;&10%“%?{2[]&“ are
hel i cal cankcasm astdrtabuiih@idiide, dchgdetdfyhe fréndttbeankihe usoof wireledyadatasi ng.
However

v ok o el R IRERA AP e SR b n, e
and, t heidh dssoedless wpttacon pf biniseholt haplianbes tbrcugh declinpanet brtranet redwcept i bl e
t o breakiuid pihli30m dofl thi'ke B3 Calcipd:ifinicthe G oA BARSnashER B R NO! | OW
VES as the antenna ndi n body 1S  enbedded in a covering
mat er i avidaspieadén poilgnialds Egithernore,sneh ardennam aretused &1 vasoys sypsmclor 1
wireless data handling from various terminals, and the demand is also increasing for
applications in telemetering for monitoring information on water pipes, natural gas
pipelines and other safety management systems and POS (point-of-sale) terminals in
financial systems. Other applications are beginning to emerge over a wide field of
commerce including household appliances such as TV that can be made portable by
satellite broadcasting as well as vending machines.
To date, such antennas described above used in various devices having
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



1 1 APR 2005 tends to increase if it is nounted on the outside the casiﬁﬂ
,and it is difficult to avoid the problemthat the aesthetics suf flek 8PR 2003
Nevert hel ess, reducing the size of the antenna leads only to | owering of
signal gain, which inevitably | eads to increasing the circuit size for
processing radio signals to result in significantly higher power
consunption and a need for increasing the size of the battery and
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curves vith sufficient precision, the productivity inevitably suffers so that there has been a need

to develop a new technology to resolve such problems.

SUMMARY OF THE INVENTION

The present invention is provided in view of the background information
described above, and an object is to provide a compact antenna that can produce high
gain.

The antenna according to the present invention is an antenna comprised by an
antenna main body having a plurality of resonance sections connected electrically in
series, wherein each resonance section has an inductance section and a capacitance
section connected electrically in parallel and resonates at an normal vibration frequency;
and the plurality of resonance sections are constructed in such a way that charactenstic

frequency curves overlap one another at least in the width portion of respective curves
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11 APR 2005 so that each resonance section resonates at nearly the sane

. nhormal vibration frequency, and the antenna nain body is construﬁhﬂg i
as to have at |east one resonance frequency different from the 'n

vi bration frequency of the resonance sections which is produced by
coupling of the individual resonance sections. Furthernore, it is
preferable that the resonance frequency is used as a center frequency
for transnlttlng or receiving radio waves for the antenna. |In this case,
it is phethateashdesonance etiQIsIates At deasiycthe same Bprseal ¥prationdEeaNPRfler  t han

t he nor mi tht‘ Iahfeaha ARiInfHRGYICESEtruELB 86 hd Daveiat lea§t dHe@ERmaledrdqhadcyt he
ant enna . structed sO.that tIrhe cent é frequency, i s higher than tw ce

t he nor F"R‘?F PaY the Rorpa ythaaiap fraquspet ofrtae respngnge sectiogs ABIR 1t hat a

fr equenpaoda@bmts;t ¢di@hﬁ§@ﬁﬂieh@diﬁﬂuzﬂ@@§dn%telséctldh@nHECt ed electrically in
series to the enna mai.n ? Y §P %ﬁlustln he resonaqﬁ f requency.
Particularly, }ie§mBrreef1é? pisfesalile that fedesqna epeaDy HIPTNY LUPE t ance
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is opposite to, the round.section c cted,t round
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frequenci es of the résonance sections requency different
f r'om t heonneeted elegtrisally ingeriey tedhe Avtgnrramaindody feradiusting thergorgnes: er
frequengyqleépcpe used for radio wave transm ssion and reception, thereby

i nprovi ng t he” antenna performnce fromthe viewoint of releasing the
radi ative enerBgrticyl ﬁféﬁnﬁtlhaferf@g‘eiﬁébﬁééhes%‘aqea%adm'@grce%a&&ﬁnqessefmis if the

nor mal  wobhRlibetvdeh@Btl@iCond ¢fIB¢ hntelurfa BAIAH6AY, IshiEHie oppodiRIto ikeu@ncy, it
is thougr&f that a ty e of energ stora%e section, in which a current

anount i ?Bdégﬁ"ﬂ’éi CEH SQMPPEF] t EoWhBOtA e lhe ant enna nmin body i s

flowi ng, is crEgieedlly,nt it Ipeefenablenhalrth@grotxhdas&@@nme&%ﬂe@ﬂm&al(ﬁct| ng as

a paral h’$ﬁl thg?%?”fi}?ﬁﬁh% egrg% Pﬁ%ﬂ)[c{rqg?cgg%{éun% Gd& (r)]tsa owé) l*nger fisgt romagnet I c

ener gy. ere ) er frequency di ent fromthe
nor nal wptphas;)@nerftpe Gﬁ@}na méipbedergy release is facilitated fromthe

capaci tance segtiffin W 8} elvmfon,sf SH0EEn ﬁa%tah&ﬂn M subRA el .

t hus i ncreasing the antenna gain VI ewhoi nt € nornm

vi br at i 81t theeagirane yain baghy G2R Tesenateds mﬁ&@an@eﬁf@ql@ﬁw @ﬁswat Eemihy be
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IOfS radi 968\(/)\13%%2 freqHéncirEhfl‘ererP fron"? ' a]?el rf'\orrna]a v1brat10n ?r(?eaggllcy\élan {19 gélgcrt]eg s quency
the center frequency to be used for radio wave transmission and reception, thereby
improving the antenna performance from the viewpoint of releasing the radiative energy
from the resonance sections. The reason 1s that, if the normal vibration frequency itself
is chosen as the center frequency, it is thought that a type of energy storage section, in
which a current amounting to Q times the current flowing in the antenna main body is
flowing, is created in the interior of the resonance sections (acting as a parallel
resonance system), to impede the transfer of electromagnetic energy. Therefore, by
selecting the center frequency different from the normal vibration frequency, the energy
release is facilitated from the capacitance section connected to the inductance section in
parallel, thus increasing the antenna gain.

From this viewpoint, the normal vibration frequency at which the resonance
section resonates may be higher or lower than the center frequency for reception or

transmission of radio waves, but it is preferable that the normal vibration frequency is



3 11 APR 2005 selected fromthe | owfrequency-side of the center

. frequency. This is due to the fact that, if the nornal V|brat|on¥1ApR1mm
frequency is made | ower, high values can be chosen for the inductance
sections and capacitance sections so that the gain is increased. In other
words, if the sizes for the inductance sections and capacitance sections
are chosen so as to resonate in the Iom#frequency side of the center
frequency, if.is esirable far, incr asing t he
opent nosdcasd BpmRRlcGsEa ey sn ot s serehaesacy i Auets Tedrgaras or
short wi\ed ﬁmgiahslbm‘uohlfﬂ:qeémghs Padgiost, ctugmxae&sahn bdnehosemfc&rthef requency
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capaci t ance connect ot her
end of fﬂewefrncpqx@ndl;ghaqucmsmyrrgglon,afpaexarmh@@né ethanged p@fqrm@ngﬁr oithel section

at the gﬁgﬁﬁdmﬁpfaﬁgﬁﬂe In the first place, the antenna main body
cooperates Wt round section and others to resonate as an_ qverall

resonating bodﬁmtfblsgé@ﬁ@rlab){echoﬁéns e highanalue of theyerstrryregrencyr especitlhoh t he

normal Vi H:rgﬁéﬂ hEh H.eaﬂﬁ%lrﬁﬁ mraﬁ&?ﬁecﬁ}%ﬁ@apﬁﬁem&uu@?ﬁs fuRR& therefore,
it is OSSI le to a jUSt t he . resonance tgggenc%gh he center frequency

Wit h théacr fratgd Ede saprance sertieah ARysicRpRlne te obtaAI WS @AM e nornal  hel i cal

antennas, a fl Beid RGs ﬁ:%ﬂ@@d]é axmgt@b.hangﬁfe&reaﬁﬁdcdaﬁéqmﬁ@ folﬂehe defilcal body
of the heI i cal .antenna an he resonance

et u e P ReRs 1o somirst pee et ats BefueRt il i AR e o ment
t he presaiys to &hmmmaynadbm@aﬁg:onmoﬂkaa@ofsthefneqmedupadjaswc| fic fixed

val ue. LIS ERATLL0 Eone Bl 0aLE SN BP0l ARRT id thscliEh BB adver e

effects i ronnmen ct ance s 16n of the
ant enna antenme mw;bOIdasomrite?swab ltlmgoumbm‘rwlse@ﬂ wxe@ tegerduateds 2fiormed in a

spiral - %baaﬁr%nﬁﬂlggad&g @ga ﬂhetxlg?énaﬁ@e“fr &E@P&hﬂ%ﬂ%bxoﬁnép' ral .

In this case, It at the col es. of the coil tlons
are ali qmwnsfms@@ms %ﬂthwjre@waac%wcap%@nd Fhﬁéef‘”;&l g a8 P%?F‘bleé&sa@ﬁﬁh ®portion

of the ¢QodMikeTreqhbiRy t6 tHeCdeRer filRGueey mms@freauetnbﬁadjggn@mpmmaaa@t lons is
contained jn |'ane " i.nclined at an angle to. Fur.t her, the
r esonané%cué’écﬁlhgﬁ “P’ém"ég P At RS, b’&/ﬂ%ﬂﬁéﬁﬂqcﬁﬂlﬂe%g?”&%ﬁgﬁ%ge LW i ons
el ectri alkdaybody sfahe HéhcalB;maﬂ@ahd’l e gsouiled phite, ucimake the tesorsnpossi bl e to
I nereas Qb AGr AR e d%erse ehgcts from the surrounding environment, the present
frequency adjusting capacitance section has a specific fixed value, thus enabling to
eliminate causes for instability such as adverse effects of surrounding environment.
Also, the inductance section of the antenna main body has coil sections
comprised by a conductor formed in a spiral-shape or an angular shape that can be
approximated by a spiral.
In this case, it is preferable that the coil axes of the coil sections are aligned
substantially on a straight line.
Also, at least one portion of the conductor that circles the coil axes of the
conductor sections is contained in a plane inclined at an angle to the coil axes.
Further, the resonance section is constructed by connecting two resonance
sections electrically in series.
By adopting such a structure, it is possible to increase the antenna gain. This

is due to the fact that, the gain tends to be lower compared with an antenna having two



is due to the fact that, the gain tends to be |ower conpared with an
antenna having two 4 11 APR 2005 resonance sections, although nnrgdﬁﬂgﬂmﬁ
t hree resonance sections may be connected in series. Another enﬂ 1
of the present invention relates to an antenna conprised by an antenna
mai n body containing a plurality of resonance sections connected
electrically in series and receives power froma feed end, wherein each
resonance section has an i nducfance section and a capacitance,K section
connect EgORANEE BFtIORS, [2Ihoysh e haneihregTastraaTnieCHAnsAPaYRE RVREFA A br at i on
frequenggiesand a ground section connected to the ground potential; and
the plurality g;téeso ance segtions are constructed so that the
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the wi dbhan BsibaNmaih bbBe csmaRRE tal pheraliiyrofessodandsetibneRameztddhe plurality
of resonance Bﬁctions to resonate atageaiéﬁggﬂg sanme.normal vibration
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end of pbtéoraoktbe nespeiva cubysslyg astecenable the purditsetresanncasgbenstiol y, it is
pref er aPAan:}tgg‘f néaplg tﬁ’eeﬁﬁifernofrﬁmﬁqﬂ%ﬁé{n ﬁ%rﬂﬂfngﬁeindttﬂ@%t&nﬁ. rﬂfﬁﬁ %h%isv' bration

and In I t

f requency, articular, the cente requency 1s higher than tw ce
the noforstrugtedsathasshe ansepmeman badyshas af feastprsupePnaecetiiemensy be
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power to the antenna main body through the feed end of tg% antenna nmain

body. SGSPPanssEeqHens ehPSHINGORE reonaE fTsaaenets Pirdas @ SRUAIdIeqUeR Y 0 an
ant ennaforGipmiteRtlonécélving daidid mayedfor fiRsyiamae sections having an
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mai n boduhiedibegvdenehgéxir aldi thichfis ogseneant the feat ¢ridosfshe amimoct eain
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curves over | apEspsaelinnios pesferable et she geatarifesiabgndyns bigberihen thepornan of t he
respect b%?atﬁa‘ﬁ:ﬂée;c‘%ﬁz‘ﬁ,c %1% ih ?aﬁf&ﬁﬁh%c &3kt FERLABNS RiohECthh® BvicB tidhe

plurality of rest sections to resonate at frequencies substantially
i dent i cBPT™Ma) VibREIGRIFSEHENSY; brati on frequency, and the antenna main body

has at |east ARG, hegPORAGRCHIOAMNEREYonneLel electritally thegahaRlde\dfieat i on

fr equengg\be?l?neathgtes%g})ﬁes power to the antenna main body through the feed end of the
antenna main body.

Still another embodiment of the present invention relates to an antenna

comprised by a plurality of resonance sections having an mmductance section and a
capacitance section connected electricaily in parallel and resonating at a normal
vibration frequency; and an antenna main body having the plurality of resonance
sections connected electrically in series, each resonance section in the plurality of
resonance sections is constructed so that the characteristic frequency curves overlap
one another at least partially in the width potion of the respective curves so as to enable
each resonance section in the plurality of resonance sections to resonate at frequencies
substantially identical to the normal vibration frequency, and the antenna main body has
at Jeast one resonance frequency, higher than the normal vibration frequency, as a result
of coupling of individual resonance sections.

In the present invention, for example, inductance value of the inductance



of coupling of individual resonance sections. In the present invention,

. for exanple, inductance value of the inductance 5 1 1 APR 2005 Sg?tiﬁgﬂﬁ
that conprises the resonance section is made high and capacitanc $£ E
of the capacitance section that conprises the resonance section is nade
|l ow so as to increase the resonance width of the characteristic
frequency curves, and therefore, a frequency region included in the
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: By adopting such a structure, radio waves are transmitted or received using
‘ the resonance frequency in the high-frequency-side of the normal vibration frequency of
the individual resonance sections. The present antenna thus enables to produce a higher
gain than the resonance gain in the low-frequency-side.

The present invention relates also to a radio wave transmission/reception
apparatus having a transceiver antenna for transmitting or receiving radio waves using
an operational center frequency, wherein the transceiver antenna described in any one of
the examples described above is used, and the center frequency is used as the
operational center frequency.

By adopting such a structure, a compact transceiver antenna of high gain is
realized, and the overall size of a radio wave transmitting and receiving apparatus is
reduced.

The present invention relates also to an antenna main body receiving power



realized, and the overall size of a radio wave transmtting and receiving
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] at least one resonance frequency of higher frequency than the normal vibration
1

frequency; and adjusting one of the resonance frequencies by connecting a frequency
adjusting capacitance section electrically in series to match one of the resonance
frequencies, having a higher frequency than the normal vibration frequency, to the
operational center frequency for transmitting or receiving radio waves.

In the present invention, in the resonance section fabrication process,
inductance value for the inductance section is chosen high, and capacitance value for the
capacitance section is chosen low so as to increase the width of the characteristic
resonance curves. When the resonance circuit is so designed, there emerges a frequency
region which can be included in the width portion of any resonance curves of the
resonance sections. In such a circuit, the characteristic frequency curves overlap at least
partially in the width portion of the respective curves. Then, the resonance sections
resonate substantially in-phase at one frequency close to the individual normal vibration



regi on which can be included in the width portion of any resonance curves
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and the antenna main body is constructed so as to have at least one resonance frequency
that 1s different from the normal vibration frequency produced as a result of coupling of
the resonance sections, thereby enabling to increase the antenna gain.
Also, since one of the resonance frequencies is adjusted to the center
frequency for transmitting or receiving radio waves for the antenna, it becomes possible
to transmit and recerve radio waves with a high gain.
Also, according to the present invention, because the center frequency 1s
higher than the normal vibration frequency, and especially, the center frequency is higher
than twice the normal vibration frequency, the antenna gain is increased.
Also, according to the present invention, because the frequency adjusting
capacitance section is connected electrically in series to the antenna main body, the

antenna can be made to resonate at the resonance frequency different from the normal
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antenna gain is increased. Al so, according to the present invention,

because the frequency adjusting capacitance section is connected
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mE'Ai n Also, according to the present invention, a method is provided for making an

antenna comprised by: a resonance section fabrication process for fabricating a plurality
of resonance sections m which each resonance section is made by connecting inductance
section and capacitance section electrically in parallel so that the plurality of resonance
sections resonate at frequencies substantially identical to the normal vibration
frequency; followed by an antenna main body fabrication process for connecting the
plurality of resonance sections electrically in series so as to produce the antenna main
body having at least one resonance frequency higher than the normal vibration
frequency; followed by a resonance frequency adjusting process for connecting a
frequency adjusting capacitance section electrically in series to the antenna main body
and adjusting one of the resonance frequencies having a higher frequency than the
normal vibration frequency to match the center frequency for transmitting or receiving

radio waves. Therefore, a plurality of resonance sections can be made to vibrate



body having at | east one resonance frequency higher than the nornal
~vibration frequency; followed by a resonance frequency adjust| S
for connecting a frequency adjusting capacitance section electr|k§F€§ﬁ$
series to the antenna main body and adjusting one of the resonance
frequenci es having a higher frequency than the nornal vibration
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of the present invention. Figure 2 is a top view of the antenna shown in
Figure 1, and is an eBBﬁBﬂESGRIEWI@N OREFHEODRAYEANG®N. Figure 3 is a
schemati c diag 1 nat h-on tr ctun he.antenna i n body.
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the antenna in another enbodi men the present invention. Figure 9 is a
di agr amP89y- an equi valent circuit of the antenna shown in Figure Figure 10

is a diagram t pigahosvisanvduivalenPéir@it did}fad lof wtdinfsink bhtespedehon formed on
a substrate Iate of the antenna in another enbodi ment of the present
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refer enéeesgrg{ Lhe 1dlrlavm ngs. Enbodinment | Figures 1-4 show Enbodi nent 1 of
the ant 8hng oF THE present invention.

Figure 6 is a perspective view of a variation of the antenna in Embodiment 1

Figure 7 is a perspective view of another variation of the antenna in
Embodiment 1.

Figure 8 1s a diagram to show a grounding line section formed on a substrate
plate of the antenna in another embodiment of the present invention.

Figure 9 1s a diagram of an equivalent circuit of the antenna shown in Figure

Figure 10 1s a diagram to show a variation of the grounding line section
formed on a substrate plate of the antenna in another embodiment of the present

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the following, the antenna according to the present invention will be
explamed with reference to the drawings.
Embodiment 1

Figures 1~4 show Embodiment 1 of the antenna of the present invention.
Referring to the diagrams, antenna A is comprised by: two resonance sections E1, E2
made by the step for fabrication of the resonance sections, in which each resonance
section 1s constructed by connecting inductance sections E11, E21 to respective

capacitance sections E12, E22 electrically in parallel; and an antenna main body B made

10



Referring to the diagrans, antenna A is conprised by: two resonance
~sections E1, E2 nmde by the step for fabrication of the resonanceq ApR 7005
sections, in which each resonance section is constructed by connecting
|nductance sections E11, E21 to respective capacitance sections E12, E22
electrically in parallel; and an antenna main body B nmade 10 11 APR 2005
by the step for fabrication of the antenna main body in which the two

resonance sections E2 are connected electrically in series. Figure 4
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patterns 11b (first conductor patterns) and conductor patterns 12b (second conductor
" patterns), made of silver and having dimensions of 5 mm length, 0.5 mm width and 0.01
mm thickness, formed respectively on a plane 10a (first plane) and a plane 10b (second
plane) that are oriented paralle] to the substrate plate 10 (first substrate plate); and coil
conductor sections 13b of 1.5 mm length for electrically connecting the conductor
patterns 11a and 12a by means of metal conductor filled in the through-holes punched
through the substrate plate 10 in the thickness direction.

The conductor body comprising the coil sections 10a, 10b is constructed so
as to spiral for a number of turns (five turns in this embodiment) in the same direction
(clockwise direction in this embodiment) about the coil axes L1, L2,

The coil sections 10a, 10b are connected so that they are substantially
collinear through the junction point P2, and the external dimensions of the antenna Al

are 26 mm in total length and width of about 5 mm. Here, the inductance values of the

11



as to spiral for a nunber of turns (five turns in this enbodinent) in the
.sanme direction (clockw se direction in this enbodi ment) about thﬁ ﬁ@@
axes LI, L2. The coil sections 10a, | Qb are connected so that t1h 9* b
substantially collinear through the junction point P2, and the external
di mensi ons of the antenna Al are 26 mmin total length and wi dth of
about 5 nm Here, the inductance values of the 11 1 1 APR 2005 i nductance
sections EF11, E21 .in thi are 69 nH at MHz. Further, as
shown | deFgrcsestions bk 2108 Gt SbvmERare 6) G dMBle 104, 10 and
vertically in thehedl ds9hbivain Bigutd 1B, \aessing llom dbdve tEcHIRRAidIE 198CI0oNs 14a
and t he qc]ondu é‘terns a 'ntf‘gf& ect. the coil axis LI F@t an angl e
al, and?p }ée%‘ﬁ é’? EEPRRLT héropramessripadeanpdthe | p

i nt er secbnddaa)rqﬁnlenamza lﬂlé’rsadt tmamdlﬂaaan@@té dh%ﬁ@tl@d’@e@ﬁl al, a2 aL e
di fferent suc t he S 14 tions 14

"t er seotetR pab ARk dpndR e et 11 bitened TSNS Mapelaos. | The
result andtHebaingldsex Jio2eart ld[ﬂ?mmfsuctmaamg ogtning fdceibais]4amndhpesiag |
sectiong_|. Ca, il . r oduc the , cur flow ng in. the coll

sect | onsectial 140 Rl PR ah Mnig FuvRER i onns WP it bl Buf st

Her e, i ts that the directains of tHeanhagnketc fielgs & the icsil bevtiany Hing @O proéibeddy thegr ees,

or mreau&érggﬂpﬁmgymféﬁééo%ose HORR, B Birded ;,!ue%; B Gieh e o fectively

conpare avi n sanme an W ndi ng
angl e. Thmt B3j Herget o prnferamthastlwmgiewsew abl;anae cbhttlizd degrbtsdyr fooraved by
connect b%feraﬁig@oufz%' de?}’eegfso LU iR §e§lm': g&ﬂ%ﬁ%éﬂze 8’n° ilffiRr Gk each
turning section constructe series uctor patterns

t Hat st &f having s fameanglefr dhe ¢l Wélngc?@ﬁ]@uct or pattern II a and turns once

around t he COi frh@¥biPsdetiomMda BlcORPriaéd 6L cSHRAERT bBly Ihmead) a6MNLtgHNAUCT OF
pattern | the |i nki nﬂéseQUence of .conductor” patterpn 11 a, coil

conduct arphgéw OEM@& sechindd o By Sepist-terein 9ach Ee E6HAMLIE section | 3a
and COI@dmi‘u@fedFl@rtd :&hﬁs dfleonditrer pingdras fhlat stehafrem thecehe clanh@ver i?e $R9| e
i nterse e turning secti e coil .axis e
conduct §P" ‘ﬁ"&kﬁf Hagte%tllalaﬁg g‘h %{ﬂﬂ?‘gﬁ‘e ﬁtaﬁ'ét"go"’\”p SQPs 2t hE cetehiof ur t her
and i s theadjssnbgondnetgr pattem r}ll:ameise Hhkmgvkmmlan@rcd‘ cahduatorghetiteamblags to t he
aper of ' , t e attern |
pap ?EE u%tcg seétnﬁl 13%(?%%&%@ g q% ({5)11 @%S?IC%EH% and

| a, and urning sect orn‘e not i nt er sect
t he pl agesdugtor r@kte@ptlaaifhe mglwénlam hergitean averaga angheeo en@rwgthro@fnt That

is, t hetl‘ié‘ﬁlﬂhﬁ@s&;ﬁﬁﬁ Ilgmniafzﬁe @fslﬁamSEbsnferthaJxét& wb?l lyﬂﬁﬁnédrhtfah%nglecl i ned
pl anes Hl. Al so, . hecause the conductor patterns a are forned

par al | elto the coal@xisdslnapd further.and is diyjided by rwnarsalaaﬁ%ﬁw w@clp grerftd
paral | ehghﬁa:%@&ho@]ﬁd"ﬁper BEEigusen, tha tfavemnk b ekt boite doﬁam%r pleln ends  of

ST NN E L ST M T
I S conprekcpt abthe ataciniptaintoandizo che drndimgaebinty That is, the turning sections 15a are
" substantially included in the inclined planes H1. Also, because the conductor patterns

11a, 12a are formed parallel to each other, the turming sections 15a are also formed
parallel to each other. Because the turning sections 15a at both ends of the conductor
body form the opening sections 14a, the opening sections 14a are also included in the
planes H1.

Similarly, the coil section 10b is comprised by a conductor body formed by
connecting a plurality of turning sections 15b in series, wherein each turning section 15b
1s constructed by a series of conductor patterns that starts from the center of the
conductor pattern 11b and turns once around the coil axis L2 and stops at the center of
the adjacent conductor pattern 11b in the hinking sequence of conductor pattern 11b,
coil conductor section 13b, conductor pattern 12b, coil conductor section 13b and

conductor pattern 11b. The angle a2 relates here to an average angle of intersection of
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connecting a plurality of turning sections 15b in series, wherein each
_turning section 15b is constructed by a series of conductor pa te

that starts fromthe center of the conductor pattern 1llb and t éﬂﬁﬂm%
around the coil axis L2 and stops at the center of the adjacent

conductor pattern | Ib in the |inking sequence of conductor pattern 1Ib,

coi |l conductor section 13b, conductor pattern 12b, coil conductor section
13b and ,Z conductor. patter tes here to an average
angl 6 oMel RIUIESEHFID PtV A the0d ik 2 308 COMBELT DRING 1LBEAGhen B ¢ ¢ e

coi | aXicthk2oil 2la8 LQoﬁtdiJﬁdhﬁér bR dividdds mgdla@tptartsmmmﬁmtahe coi |
e Ciagelta i b Lo e ot A A LSOl el e
tccr)]nduglt Orb, ltaﬁtﬂ ttertnnimgt ibft]@;fbd} Sbhge fcﬁmaﬂ 3] tl‘ia@tﬁdy?i@&lolﬁbtelaé(ft thoplame }fb t tdtat

ey do not intersec S exc starti nt_and at
the” endPHEPHHIHE Matimamont ahy ALTE GPane GO SEamebirs hEdy e Behsath s ol y
| ncl udeshbstmnﬁkl@ mauﬂemﬁdhepinalm pliihes P]IzsAlsobmehe bendvotwt pattems pat t er ns
2l so fof Pt A farraRaRLIcGReh FreP The SRk el |4 fedBodBBMATS 120 31°
bot h engdaralhdl to Iamchccﬁhei'uBemse the dyrningrsectidns 16penboty esdsof thasondision he
openi ng i 4p . i i . ly, when
Che. conduit il Jehl Refniabr Btlnd Reqidfs L4} A8 SRo R dBIRIR V. 10
the coi plaagi82in the direction of the coil axis, and if cylindrical

coor di nat es ar eacﬂ' W%Qngﬁ%og@%ﬁelgcon glbl[y 1@kKin aaﬁu,%r@)@f?ohq),ge%rl be

t he position sect 1 on g:: ral exhi b| ts
nonot onmclertmge@xlsnn thecdicecuomelliba £pid a¥s, «"tnﬁéf %vﬂfg@w coQgBIatRS RE] esed

vari ed. rJH@(rjgnafeqnabstem@asSﬂhﬁ@to 8QRAVCTRpokifiah of:atcﬁlsealdmtﬁell axi s over
an angu ar

1 spl acenent o 360 degre and one ne intersecting the
et o SRR DRI B AL PR BERR (B cEHBTRS G Hasular
inter Se@berﬂﬁlafd@m&aﬁxdl SThah, ddnadatwsp’i@l perdottor tifat sinclbs thespil als ovehen this
spiral does not ersec | anes except, at ni t and
at the BRAPEHEAT Fﬂﬁ Ce%'te“ HE= Qgggﬁ%?ﬁ’a% PP P]anﬁweéﬁegpglh%osg’gs %tucér??a pl ane
for eaetglesatphesterting\poim kndanwhertflenecntethecting the piae! at tluetmhﬂntgmomonduct or

i s divided Ry %Eﬂ?a{emﬁasg% @uga rpdt%tsaeatmé pqnés A ted%tﬁeq)egm%oor axis.

When thi's arg general spiral-11ke or a
conduct @eint m;t a@ahembnap@nb&ﬁthagewussprap@qdl Hane seppogeowash afplangder pl anes

H, H2 ea &%}?f dte F@\Jo’hﬁﬁr‘fl dreldohub&of Yt QHQ%E antﬂi&ortif' ﬁwtdéﬂ fb'yrhg

portlons of the conductaor. do not |ntersect é | anes exce %@ t he
begi nni AYIe5Sf ech Ripngs at ghtanglentp hsicar @t W %vaabmeﬁ*rféﬁ Sp#RE 1BSr ti on

that ci peheed spir@-10@RIdondudtsr &fa ddmductep ittt cdrnde amnomaa-ss;gm siredawi th one
O e SRR B S B R P g H e 2 e
I magi napyrijpng o€ theh@hdukiton di:esottninerseanﬁu plaoes' exiceptias ok begivenne pm:hialaodrv
pﬁgﬁ'eg? e nldfrlt%'epsongt? ﬁgeaocﬂ El}%(%pﬁ %‘héx@??g g&%'ﬂﬁiﬁ)it cftbigs IR RN&H drns! Pl Yy as
conductor can be assomated w1th one of the planes that separates the portion, so that an
expression "the portion that circles the coil axis is substantially contamed within the
imaginary plane that divides the conductor” is used. (herein below imaginary planes that
divide the conductor are referred to simply as planes). That is, the opening sections 14a,
14b formed at the respective coil sections 10a, 10b are comprised by the portion that
circles the coil axis of the conductor, and the opening sections are substantially
contained within the planes H1, H2 that circle the coil axis.
The capacitance section E12, E22 have respective condenser sections 20a,
20b.
The condenser sections 20a, 20b are comprised by respective conductor

patterns 21a, 22b comprised of silver film of about 0.01 mm thickness and having a
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| 4b formed at the respective coil sections 10a, | Ob are conprised by the
portion that circles the coil axis of the conductor, and the opfgiﬂg
sections are substantially contained within the planes H, H2 th APK’ 2005
circle the coil axis. The capacitance section E 12, E22 have respective
condenser sections 20a, 20b. The condenser sections 20a, 20b are
conprised by respective conductor patterns 2] a, 22b conprised of silver

filmof abput 0.01 nmmthickness and having a 13 | APR 2005 raughly
om0 EERH iR ShePfauhEh Fperty S oas A S Op 56 st 20n PR SBED (Y ni r
sur f acepf a afbstatephfé LA RcOhBidsZite pROONHIchURS tHeadameMértiednd Wilticks has t he
sane | e thba{r}? indt]lb asd thﬁ‘ sub trghg 1pI abe 0, .and gn ot her surface
20b. (  olfFtsHoS T Blais) 10, Ao anBiher syifare 2B (b Surfasenin sueh b Ay tahihens o
21b andcemingdue panerpal 141206 aA@ apndhi2tpr paterns @39 A2biave Iryspectpeds bpgosité 0 each
ot her. Then ne .gonduct or ttern 2 of .t he resonance ction El is
 omnoet biceh ST AL 0% Grefidot Efbr a7 Bl SRR E B R TR, onduct of

pat t er nc@iected elecoivaldctocttie édedqlofrit Gakinie the othHee conductdr pattpmi22a 192, And, one
conduct or t n,. 21 f..the ..reson €,.S Lon E2. 1 t

cacrsi EonrRileh Elefiuieath & b Mncub BANAPS ARE Ehe Bihdetich Bali AR TShe 1 oy
22b i s ooomect eettioh &Rtis camiekted tetectrivally tnthe jwrtipopaint P2 whilhthe athgraci t ance
val ues [ g ' : - -1 hj .ment are 30 pF
ne 1o Eondor SARAR B E CorEG A PREEG o T i AnePP A TEn . B i O
an i nt efapanitange velupsofrthe cagschanse 3ectionp EURaE2Dm thembpdimeshpiei ad
primarilLy; Rfgal um na. These inductance sections Ell, E21 and the

capaci tance section E12, E22 are connected electrically in parallel to
constitute thelegstgsnbdrateplaies 020 angdamippied |gs 2 uaK grith 4 18RV eAB DN

g esonanglﬂ;ls{rsvt)@cwata@g% sk Rlr] Qonprishippriiiiglor whitidd [ on T requency
ereln el o abou 1Z. r normal. vi prat.i o r uenc IS
intentionally @é@lse {nglugtapeg ﬁf@u?'&s@elt %glll aﬂ‘glﬂPe tARACIHABAE dCUPR E& rﬁsgd f or
th ransni tér}ﬂ&gtegﬁelecfrﬁﬁkkj i mgilreamb@nmm;:?mnﬁm@aagma?sm '?Mhi’i:ﬁ El, E2

ave near the sane normal vipbrati o reguen ut . fact,
| ndli vi dUEPHIS AR FOTTBR SRR AR sler o i p Pl vPREPE . due to
vari at i raguenay herdindtebuvoeat ahoutcldpddHe diere, thelnvesal Woweeefrequesgoiance
sect | O.nﬁltglti’opﬁéw seffa 9;93% %?gﬁnlag ﬁa!? eﬁte\f\@éqﬁegﬁg {ugéH"ﬁi)? Erafsrm@RHg! dr! On

mai nt ai ni ng, normal v requency ‘constant, the resonance w dth
of the tdsayvangtrediosrdves.frequency curve is increased by providing a high

val ue for the TRINGBREEs@REnFE] O NAleURaflPihelsHfie noARAGHDIARGE SO that
there wgul d be a conmon frequency region, Wwhich, Conte%glgﬁ?%h‘iiﬁ"e wi dt h

por t i onfigAuansy bupdp fachdrdividuyaoranl weHon Beghranics as g AUED . That
IS, theto {ARGBANGENERENCOBAd Elpacitihcavalueh Hdwelet @eboBhitde sedtiting ENEE2

charact grrei dgets.ljg%e Insueh & %y%le{ ,V Giider a condition maintaining the normal vibration
frequency constant, the resonance width of the characteristic frequency curveis -
increased by providing a high value for the inductance and a low value for the
capacitance 5o that there would be a2 common frequency region, which contains the
width portion of the resonance curves of both resonance sections E1 or E2. That 1s, the
resonance sections E1, E2 are constructed such that the characteristic frequency curves
overlap one another at least in the width portion of the resonance curve.

Also, at the junction point P3, an electrode 51 (first electrode) is connected
electrically, and the electrode 51 is comprised by a silver film of 0.01 mm thickness
formed on a surface 50a (fifth surface) formed on a substrate plate 50 (frequency
adjusting substrate) having an identical width as that of substrate plate 10 and substrate
plate 20. And, the substrate plate 50 is positioned so that the electrode 51 faces the
inductance sections E11, E21 and the capacitance section E12, E22, and future, it is

stacked parallel to the substrate plate 20 so as to clamp the substrate plate 40 comprised
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overlap one another at least in the width portion of the resonance curve.
Al so, at the junction point P3, an electrode 51 (first el ectrode) H?@ 005
connected electrically, and the electrode 51 is conprised by a s]l B
filmof 0.01 mmthickness forned on a surface 50a (fifth surface) forned
on a substrate plate 50 (frequency adjusting substrate) having an

i denti cal mﬁdth as that of substrate plate 10 and substrate plate 20.

And, the sub plate 50 is posjtioned so.tha e el ectrode 51 faces
t he |n<5'U€‘ta§ a&-@'&‘f‘i‘ HhEeres 35 tﬁEﬂué%F K- %B%T‘E’%&]Q@ £ 2 E22,

and fut wiaen bddyBﬁslaﬁﬂrﬁ&J@Q@ aﬁﬂffbﬁ't@ﬂyb?ldnhﬁat hRé §1ﬂisﬂaﬂé|;ﬁdt@s RH 290 as to
clarrpt e .su trat§$ate rrgi}éi % APRzgg (grlmarlly of

o o na e By EE BRBeR SERURET p SugatReief g Gbove. the ant enna
rrfli n bod% sz sAhhwﬁnmAtxeebxﬁﬁuaemgnihemiepbmdudjbytrﬂeaﬂbﬂatalrfsgnﬁﬁa;e subst [) ate

pl ates ri cat ed r.esonance sectl.ons substrate
Dl at oo FGERy. AaenAnt S EnRITHGEoBAD 5 HOTHEd op g isd S bt nant - of
the res @er?mgas thier mbste.ﬁe plat@ ohd ﬂﬁf}u&M}edﬂjﬁslgﬁ% azq:arenma:e mmtmnbi)dy“orﬁheds mount ed
on a printe oa er I, ubst.ra guency

i st RO Qe ST 3PN S Aieaop 32 TR B BB R ool X hEde 51 anc

t he el ecbmnndedSﬂsérmsm@mmsadaecqmecmmeEQ Bidat o, bheaamchnnmummebncch iIsn series

ot he LRSS BkARoRA X THRt R S AR J1B!sD OB 5o Tount ed

on the prin 0 that ectro 1 an Cectr are di sposed
to facéacemth @mhreandaamcthstdhc ha:tacnme@alpam deamweﬁahyuee arcaglef denm ned by

the areagRhydhg, 5 ﬁ-fer:{%ﬂf‘ré g{'}ye rﬁﬁeﬁl{l aﬁcﬁ‘&egﬂéééﬁc% b%fw%eﬁl%é‘@ik&%c?é and the

di st ance between’ t ectro tes. Acc I'ngly, by connecting the
frequen@iﬁt%dj usting capam tance section 5 to the antenna main body B in

series, the re%‘é&ﬂrﬂﬁx@ly‘: Bﬁ%&ﬁn@@ﬂ’ng%e Fr’é@ue%@iv ﬂﬁ:d@%aﬂaé}@%’e Bciib® 58] ust ed
to pI’OVI de t he resogﬂ;] freg ue for the antengﬁ15 The anten a%mal n
body B ithe apeIoa M lﬁl%%‘l‘?sé OIE%‘P&? EHENFR Ohhg AREENNE BN

are conmcdjmledetloq%musaidrﬁsdrﬂn@efhtqesn@qbﬂﬂﬁiaﬂ@nh@fﬁ he spati al

di stribution scrl bed abgg&{go coupl e her, and further, are

ith each ok,
connected to tNhae BEHIRI 8 A '(-‘%Fm%tﬁw\l/ﬂﬁ“cﬁta Y BB AFOPA %Nt i al
t hr ough sehienf E¢pgE2 areycondearat élncgricdpeim sereneecordiag to te patidaithtattionhe

oS OnaNGE, HHES hANR Elcou RS BRLALEG Kihel SPOOAREEA T EAUSGIG 1

frequency regro gher® T han t nor ma ratron frequenc so. It is
to be neeawnt(hett Shpwgh plethg ggmmspomn@qhmah et frequegen «%dﬁliféltﬂg tCF\leaCFtﬁ'Ef@danc e

mat chi NgeSRGLY 98 titht R reSBHaftY REHSMET, BE Wan ioBREGIRMEEreRbnadot erea@eney
connected to fhe feed point 3. The antennd A according to this

enbodi nérteqrencydpgien higherthay g nomael vibgbon Eewteancalseyst ens, conprised by
paral | el - connegtigth wﬁbtea BHAE Bigh AC 51w dal eqlivaledd ciadigt foﬁﬂfchﬁx‘@ﬁoﬂmﬂt ng

capaci t 3 atall'?gege%{lgr? 3 for métcﬁng the mput(ir(r)]EQ a%%g gf anterna A & connected to the feed
point 3.

The antenna A according to this embodiment is constructed such that two
resonance systems, comprised by parallel-connected inductance sections E11, E21 and
corresponding capacitance sections E12, E22, are connected in seres to
transmit/receive radio waves at a center frequency of about 450 MHz.

The resonance sections E1, E2 serving as the resonance system are
constructed so that each vibrates substantially in-phase at the normal vibration
frequency. For this reason, the antenna main body B that connects these components
electrically in series also has a resonance frequency that corresponds to the normal
vibration frequency, and each resonance section E1, E2 respectively resonates
substantially in-phase at this resonance frequency. Accordingly, the overall gain is
increased compared with an antenna using a single resonance system.

Because the resonance sections E1, E2 are to be resonated in nearly the same
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transmt/receive radio waves at a center frequency of about 450 MHz. The
. resonance sections El, E2 serving as the resonance system are

constructed so that each vibrates substantially in-phase at the nbi ABR 1003
vi bration frequency. For this reason, the antenna main body B that
connects these conponents electrically in series also has a resonance
frequency that corresponds to the normal vibration frequency, and each

resonance section El, E2 respectively resona substantial | y i n-phase
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body B t hat %oduces a hj igogfgal nis mtched to the Center fre(?_uency used

for traHefRenter fgausngy u TSI IEARAGEV g RdiewgvesndisTebygnatlige: r ansmi t

or recetyRakisadi 6r MaMESTadio Whed a@Bigh.gatccordi ngly, by constructing the

antenna main bgdé?{g ip ﬁB{UCh a ng/g\}?lhat it c.arg) resonate at the resonance

frequency diffeFeHPEPom tHEIPH 8 ASEPPROPARIOOPY B BeoPEhe YaY dldnci es of

t he resonarsenaest the nsohdnce E2qoany difesalt daine thedsdividealamnhelr vibrasguency f or
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t he resmianpeve gansnussorEind rEgeption thereby oprghingttheaantenrfa pepformanasal
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Ion o n th t

accunul at. er,lgF I's created, In interiror o e resonance
sect i ondt iEthought tht, éfithe spvmal vibsation fesquenaygirah dechoyen athe cemer i ght be
anal ogogeql@icd a @@M cufidlabiBRbf 8RS istcPedidd, B iABBoCHI the MdsohdrRwl Ng 1N

t he ant enna i 0 This _type of accunulatiaq f ener wi |l inpede
the 1 aRGraRs Bi. 7 SiichanEn AeRrletiRRgye SHHiEh L rasn heamapegte ra o

f r equen@ywi of ciliirkhedqal 1of @ oimet e dwprenpilowingriatlieamtdnne tnsembydy B Tids ener gy

£22" nORFCRAe T BT ey Vhanprissbé TabdE SHRGLLARE R T 5™
i nsert inparal el nauc sections : , thus
i ncr easiTherefdre, whdrethaaenter frequency is different from the normal vibration frequency,

' the energy release process becomes facilitated from the capacitance sections E12, E22
inserted in parallel in the inductance sections E11, E21, thus increasing the antenna
gain.

From such a viewpoint, the normal vibration frequency at which the
resonance sections E1, E2 resonate may be higher or Jower than the center frequency
for reception or transmission of radio waves, but it is preferable that the normal
vibration frequency is selected from the low-frequency-side. This is due to the fact that,
if the normal vibration frequency is low, high values can be chosen for the inductance of
the inductance sections E11, E21 and capacitance of the capacitance sections E12, E22,
resulting that the gain is increased. In other words, if the sizes of the inductance
sections E11, E21 and the capacitance sections E12, E22 are chosen so as to resonate

on the low-frequency-side of the center frequency, it is thought that enhanced
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gain. From such a viewpoint, the normal vibration frequency at which h&
.resonance sections El, E2 resonate may be higher or |ower than tht ARR gr
frequency for reception or transm ssion of radio waves, but it is
preferable that the normal vibration frequency is selected fromthe

| ow-frequency-side. This is due to the fact that, if the normal

vi bration frequency is |ow, high values can be chosen for the inductance

of the inductance sections El 1, E21 and capacitance of the capacitance
sect i ongerEarmangemay be gxpected whenihg antennadiis wsedsinithe highfesguency-sear wor ds,

i f the giez@drtGbaveltfgtht et GNESetiS Raldsan® tElsdch &febtsaRdiol Bearf@Rane t ance
sections E12, E22 &rse hosen so ﬁs to regonalte on the lo Lrequency-m de
fibsre) §f°

of the OBFIRS LR seqtions wouldspgear tp e felahyshnlars 196SUrR Shgik 2005
per f or manGeen@ls. be expected when the antenna Ais used in the

hi gh-frequencyl-;[si de.for the sh rl.t. wa,P]/eI engt hs_ el ectro neti ¢ waves due
to such ef f ect5%Es! 15 HPOERAIBSRDIERE t Po{:?é?f%%@e fipquengy ot s ¥l sect i ons

woul d apinesa ﬂh@intb@d% _B: t@tcbm(ﬁﬂcyﬂﬂl@érgﬁoﬁtbé frﬁql.]fblﬂcﬁ hdjnsttingva?pﬁri]tem@t slwiclnil—ler e, it
IS |rrportant In.staptllzing t resonance, 1r uen t he overa

ant enna THr S 1ol JRePRR BERTLEY Bofld Soiiegring RS FRLRRE Fed%GEt i ng

capaci t adiegtirpemaphcitancd secs@r ioathe poound aectivinea nise greund potdytid, Band domgnect
the oth end of th r enc  usti | t .S ' ot he

o oundt Die TRanE e fodvJF SiieHles Bh M3l 4D BAG) \RIRE iGRCARR el 1O,
body B owepkresbeaing tody,tde figqoencsl dBuent drom dhe individualmormalonkreeen as an
overall ﬁ?egéé?{éf%& 'oPﬂ}et}QQ\Aanc%.tse&ioan?:quﬁﬂ%d%iftfa@rh%ﬁlé if lSé?;B}n%EéﬁoésE;gé%@ dual
normal viBration frequencies of the resonance séctions , E2, and

f ur t her ghange 19 & desitedrpentep GegHenrieby adjusimanbeeireqieaciiedinstvg caparitancef r equency

by adj ugtdiRg. fhe CLLWRBMYal ALl aPirtBtha ARG hREICI1SRES Sdherdied t he case of
normal helical antennas, capaci t ance

. afloatlir}}g S eneratekd bet ween t he

hel | cal beigtegn dhe haieal hest ehine hkcahAeTRANEINGE BOBSIGAS! B2k e nake. t he

f, truct Ul’sﬁltl(ﬁumpéeipﬂb]t@ u? Qd\ﬁaﬁééﬁﬁﬂ‘éelsabffi}ﬁfixsroﬁﬁdih@Em?ﬂfnhﬁuf}dlb?@v&m;ier onment ;

owever, e resent,. frequency adj usti capaci tance secti.on has a
speci fi grquI}gJdeqygrpqygdglanrgglgﬁpam?/a,qg? %&?PP? 335 "bﬁ%§@§ @ﬁ@ NelE SO RALr se ef fect s
of surr insrubilivg canes suohaeadvecsereffoets ef surraatieg. endsonteed cab bel clrbmated.
according to t&s‘ esgr@e%ddbggg tatcotrgﬁl & ?fﬁpmggdlﬁlggtt klfeh%s%lance]; E%tigﬁsnEpe made
phas efre y I'n e [ ow

to resonate in- e at "a resonan guenc 1 requency-si de
of the E2senbnomdetepiemtsinophastat aresenance frequenpoihalow-fegeneysidgbl i ng
to obt ajfyfi ' DROGE nldif BURNE Yihkftb) BRabihgRs bb@aUsacY - si de.
Furt her b?})ﬂ)} rg%nﬁg%%eq%%? q(ggl?légy adj tﬂﬁst“?ﬁg c,a%taci t%nce sgction S,Qﬁi gh

gai n cad¥Bet ghesenarsg fsquensy i tedugh-fequep@sgife fasther, Sy yeR8%f t he ant enna

mai N bogqBerich alifastidy @PadifaRERRBEN S]HHgh p&n thfbe siRAhed by agiauanpayef or radio
wave transm ssion and reception. Also, _according. to this. enbodi ment,
becaus e TRBISEEqrency 85%3‘%{%21 W&@H@}qyﬁ‘ in t%e grghgﬁequency~51de {Bb e

center frequency for radio wave transmission and reception.

? Also, according to this embodiment, because the orientation of the magnetic
fields produced by the coil sections 10a, 10b are different from each other, mutual
interference between the resonance sections E1, E2 can be reduced so that the gain 1s
increased. Also, when the opening sections 14a, 14b are contained within the planes HI,
H2 inclined at some angles to the coil axis L1, L2, the directions of the magnetic fields
produced by the current flowing in these portions are substantially perpendicular to the
planes H1, H2. The magnetic flux that penetrates through the planes H1, H2 is higher
than when the planes H1, H2 intersect the coil axes L1, L2 at right angles. Therefore,
the inductance values of the coil sections 10a, 10b are also increased.

Also, by adopting such a structure, a uniform radiation emission pattern can
be obtained to correspond suitably with horizontally and vertically polarized waves.

Then, there is no need to intersect the coil axes L1, L2 perpendicularly so that the area
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fields produced by the coil sections 10a, | Qb are different from each
other, mutual interference between the resonance sections E, i $§2m§e
reduced so that the gain is increased. Al so, when the opening LA

1l4a, 14b are contained within the planes HlL, H2 inclined at sonme angl es
to the coil axis LI, L2, the directions of the magnetic fields produced
by the current flomﬁng in these portions are substantially perpendicul ar
to the plan ? H2. The magnetic flux that penetrates through the

pl anes Fﬁq“’ng ?rsmﬂ'ﬂrgwgrcan brEsslugeband spavenignee Jopounimg; Gap de d@ptovete coi |

axes Llrlguze &tsthWQﬁ\}adi’d@Ele Swer | Bﬁ’fé’r‘iﬁ Qithin thé h&; plmau ahd@N&8n Bakapshal the

coil se s | Oa, O?ojare |SQI cr ased Al\léspﬁj y. adopti ng such a
structu? aﬂﬂ?fsd?aﬁ’lc bydftoze Eﬁ‘i“‘éffn wntdhe t%&ﬁn iH5549BARhed to
corres pmdxmm t@ﬂ'C)ﬁm{b'aield Wi !héQ@ie?d)ﬂrhbt phsidigy dng@bs Mcmlnaﬁ k@ &k waves.
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the insylaad iA0g, mee@e@enc d.sshhg cP;?Jcﬂ&nce@@ctfolﬁ% $eeslsilio A2hiFotLd r equency
|nput cabl e was_ attache rou%é‘)de e ance matching section 4 to

give a FEPEATa§gh Mb%@éﬁé@ﬂbgwsé ftaﬁked@ﬁ e&ﬁwcgﬁa@waw ehd S ower
i nput | Migzwas connected to the copper on the substrate pI ate. Also, the

f dj t A t 5 dj E. Th

e e A R bR e Rt h R s isSolRaS pESHAE A BRaich el |

f r equencapasfankéBectinzs ad 4 seplatd siefnberfeuth itlenetertnhatain bodysBperonssicbl e to

provi de aR shic R REHAY el AR SERAGLIAIRE AL TR BARALES, TomDe!
romthe ant enna nal c

I’UCt ure ' so as to
facilit &xamplejthe shmrguranda}tbmgh phpt theefregupney adirstiog selstrate Hate SOax aatp| e,

the strygiig wme Qb sriterbidt B 0130 add W%%n@éﬁk&%& I:&%e%féﬁ%iécﬁié’a late 50

is not _unified wih _the substraté plates 10-30, and another .condenser is
connect BuSeELs B¥ETraly. |Fyrthf:rn a@ antega IBS?@‘&? AWy by comsipuctrdrsuch thaaftignna nodul e

may be e@xﬁiFhﬁddQ:ty% asmhammbdcty ang an(é@fmﬁa11§a;6nbéetm@mw&n§edfrahn body and
an externa nnect e ?n enser ,section .servi ﬁgthe function of the

fr equen&?}""é‘&ft}% "ﬁIjO'?;%‘g‘QE HEANRSY 2AUSHNg-CapACTaRsg secHan SA thitifser secti on
may be towiEhyerdettbmhed, be Healy Haadiet dronatherintenho ehan Boddnaleneble sy

switching of various condensers having different capacitance values, thereby improving
the handling characteristics. Such a construction enables to more flexibly adjust the
resonance frequency of the antenna.

Further, in the above embodiment, the antenna structure was constructed so
that the normal vibration frequency of the resonance sections E1, E2 was about 100
MHz, and they were connected in series as shown in Figures 1-4, grounded through the
frequency adjusting capacitance section so that the resonance frequency of the antenna
as a whole is 1n the region of 450 MHz, but the structure to obtain high resonance
frequencies by combining resonance sections having low frequencies for normal
vibration frequencies can also be applied when the antenna system operates in the
region of GHz. For example, Figure 6 shows an antenna main body B of an antenna.

This antenna main body B is constructed in such a way to produce a center frequency in
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swi tching of various condensers having different capacitance val ues,
_thereby inproving the handling characteristics. Such a constructi i APR 2005
enables to nore flexibly adjust the resonance frequency of the antenna.
Further, in the above enbodi nent, the antenna structure was constructed
so that the normal vibration frequency of the resonance sections E1, E2
was about 100 IWHz, and they were connected in series as shown in Figures
1-4, grqu d throu h the frequenc justing capacjtance secti.an so
Chat £ nEPe GO RIS 304 Ui IBOHSIATGH STE E10 ohbre o R S SR g HZr ogi on
of 450 M eachtiavinB@ns turd &f Mﬁl@iiﬁ@t&bﬂl@derthhir@hctﬁm&m%cﬁ aresrivenaj es by
conbi nin sonance havi n |es f vi bration
£ equent bé Teanety 6 T MITE Pt Xty AR Eoe vlle BEAARFLS i n ¢ he
regi on edch(ﬂsﬁtheﬁmucwnaﬁpéwonﬁgumlﬁaﬁmm:tan aan;tanm:ermlue dtfd63p1~B of an
ant enna, ant nna const. ct ed

o oducecahdah e RondanTrEohe0nth of ERMGINES bl EIE BB REC |

i nduct aexternakbditrieasiofd ofithe kiZénrarmaic bogy Byemd abbutcbinim leagthj dremt 310@ap | b

each hayj g Qg heg el 3815 PEHERULDS hAHELANGE oYLy am, Such an

ant enna requency o or exanple
i nduct anceltelafrcmleotydf223iﬁ-ﬁl-bach for the inductance sections El I, E2 1,

and exhi bited er
sections 20a, %Ot%%pd?’% @%gnpg/g% #lg%%gedl@ i ae@(%t{}gf 96a£é&‘€as€ g&@f&ﬁ ext er nal
di mensi dalorosf 1%30 amm emwize Fnethe snﬁ@ttytewlmba\atﬁmfabm#ﬁd gegdisectigout 3 mm
wi dth apgh aReile A HbAI4dnKESSR of Td?m) lﬁxttts?z@% attn@.@g;ﬁﬁﬂlapeﬁaeeétmme n of

0.98 dB; at . a center frequency. o . Inthis case, the gain was
measur eBassplaig Phgerao‘eeeﬁerweaeatf@a ﬁ@s@owtt@sén&ﬂte%maww B5o586 nm i n
size as 1rkhﬂt1§#kb§ﬁdrﬁme@|a&ﬁglﬂ ﬁoxﬁébﬁbl@&&a@@oﬂﬁ&tﬁﬂdo&ﬁ@fds@mde and

formngg‘? ulatio i on régtélze n an nltudlnal end
sect i on3%f MAfeangsfeyc F% as BV“F%HB'\/‘I e B%’tcef"i‘z}tﬁ? ardABtht i ng an
ant ennapravide 30QyimBedunce hud anaend af 1hemnd egiminl sidbeas canrecgll té thequency

power c potelyly ect 0. the,fead-s|,de ng was
Par T ed ORI TR SRS miSat ou EVaREs muf indyRRE M98 B PRAA"Y,
|npedanee;ipaemdn®ne end of the end term naI si de was connect ed to the

copper film fopfestOf stlta&nwt%%hfeat ?h@,t,at&artc@ 9&%s@1$ 2] &Qpeyct or line

that provided a capacitance. her, as shown in Figure 7, the
i nduct afemPBIegttysed seations 9, lr%yeqsb havipg e Suas Bf/wmslmg Sueh iHA¥eNBa, 10D,

each hayi g ﬁe\qaertdyrdira 00 Vs e aam emna&mtlﬁmme Fhlut € sfor:ﬁquency of
100 fo exhi bi t ct ance vaI ach for
the | nbetlis BPeaEMa e Sgepipns £ ?51 LCHRAGIACE ALS SyaffuE < pF each
for t hﬂqmpﬂﬁtahaﬂmnsmoflpmb 20he caﬂlamtcetsmmaaﬂacﬁaamﬂ theetieonl E12,
E%ZI eng Htger}tglgg)é%) Q%W%{qﬁp styﬁ)%g \(v)vas ngh})%t At gthnab&tt?iorq}ﬁ \%d%?ndab oL
, about 1 mm thickness. This antenna produced a maximum gain of 0.84 dB; at a center
frequency of 2.346 GHz.
In this case, the gain was determined by using a copper coated base plate of
Teflon of 52x30 mm in size as the substrate plate having a fabricated ground section,
and forming an insulation region of 10x30 mm size on an longitudinal end section of the
base plate by removing the copper film, and mounting an antenna main body B on the
insulation region. Then, a high frequency power cable was connected to the feed end
side, and impedance matching was carried out through the impedance matching section
to provide 50 €} impedance, and one end of the end terminal side was connected to the
copper film formed on the substrate plate through a 5 mm conductor line that provided
a capacitance.
The antenna shown in Figures 6 and 7 may be provided with a separate

frequency adjusting capacitance section for adjusting the center frequency separately
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about 1 mmthickness. This antenna produced a nmaxi mum gain of 0.84 dB; at
~a center frequency of 2.346 GHz. In this case, the gain was detetpigﬁg
by using a copper coated base plate of Teflon of 52x30 mMmin siz é Wa
substrate plate having a fabricated ground section, and form ng an

i nsul ation region of 10x30 mm size on an | ongitudinal end section of the
base plate by renoving the copper film and nounting an antenna nai n body

B on th i nsul ati on regi,o i gh frequen ower cabl

connect BAMEe fiwsmfaefaernz’%dy ?%F&gma&ﬁa cw%@&é&?%ﬁwaﬁx& mp%?aemer@a % id out
thr Oughlstﬂmesnblmelaﬁqﬁe @ﬁ&'fﬂdﬁgeﬁc@% laBéut 200 NIHRT fleapabitddct MRaAnga, and
one end of the e %pl%as connected to the copper filmforned
on the EEIPBQ‘EQ“&F@%FS?BPE%MH SeAPRSSHSuct or 1ine that provided a
capaci t ance. maeaﬂtmganshﬂwwmmt}ﬁ djagras, ﬁsmegieme?ﬁyq&g_cpnmlifdedhw th a
separat e uen ustln C|tan e .sect or adjusting the
conter FroiSERE el ity R s TiRT fid s SsRebl Bhediietd boay e,
and myfm%enﬂnmgtMmbecdrrbec@jm;ed fromenherpoetrdmarsnelt hs/flodting graundossi bl e

to shi f nter..fr to _abo 2 ' haV| ng
capattd BRARERRIS FANBEL SRR witld 1k ot RabREE el Tl o0,
not shoalwaysin¢dessadi. Ihermfore, aﬁadb@gmnﬁdtzes ﬂ(ﬁatmgmpwauseedtwoonalhyrtansm tting

?“d r eC?érW[ 00, pad thh\é’%\SﬁéerE&f%HﬁoﬁﬁFtHQ% 0 @e sécutﬁﬁesd‘t%ﬁ S9a{ ¥ ufapaci tance
or gener atl ng resonance can be O I ons such as

f | oat i nipsgrasgnsectiands apparantly eomprisedrantoef tbe mﬁushy@ﬁ wnortmhéme\ot part to
form thg, & &:ﬁ%ﬁdéﬁ&t itQD obwioiihat BLNVEY aﬂl@;ﬁﬁ%@fng sudlEsPhQnRisi f a

design utilizés floating capacitance Intentionally t serve as a part of
t he cona@hléeql“g@mhw%qfﬁlacwége@hawsrél%ct| on, so that, even if the
resonangghs8ighdnP® i S apparently corrprl sed only of the induct ance section

and does not ave i cal c nd is obvio t hat such any
At enna havi nghBtien b2 SR pseas FEbOTRE Gidle MERT O Re PSSt of ¢ he
pr esent invement [Rigufed)adienBa A iZcdmgisee $y @n Anehowmaindedy Blarehdodi nent  of

the antenna.of .the present invention.,In.Fi ure8 n
conpr 1 sy BARE et eeeryens i 40l oy At e g SBA4 o 2 1o
serve asentérdraguennycbfsbout 419, Milzd enits radi o waves at a center frequency

of about 450 Mt JPFc&‘dE&rorSf? bd- Qﬂebpﬁ“ﬁwo%gldcaﬂectgoﬁgrﬁ fGoaxi al

cable (power Iine or supp power e antenna I'S _cohnected
el ect ri suplyng powerjtaribe Ffﬁwrﬂo‘{ Htcomecig glectri¢aify tp agerction paint Cowhile
connect g .ﬁﬁ&%ﬁa&%ﬂ i¥ chthedteli Witeiricamy Rpé hcn%n if0s. between the junction
Pody B, an | Sl RE B8 AI51gREDPbS 10 %?ripp%@%r%ﬁé??ﬁéf S
end of the antenna main body B, an impedance matching section 4 is provided to match
the circuit-side impedance value of the radio wave transnussion/reception system by
adjusting the input impedance value of antenna A.
Further, the junction point PO provided on the exit end opposite to the feed
end of the antenna main body B is shorted to the grounding line section 2 by mounting
the frequency adjusting capacitance section 5 so that the center frequency of the radio
waves emutted from the antenna A can be adjusted.
As shown in the equivalent circuit in Figures 9, the antenna main body B has
two resonance sections E1, E2, which are connected electrically in series. Each of the
antenna elements E1, E2 is comprised by inductance sections E11, E21 and respective
capacitance sections E21, E 22 which are connected in parallel. One end P1 of the
resonance section E1 is connected to the feed point 3 for supplying power to the
resonance sections E1, E2, while, the exit end P3 of the resonance section E2 1s
connected to the junction point PO. The structures of the resonance sections E1, E2 are

the same as those shown in Figures 1-3 so that they are referred to by the same
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the circuit-side inpedance value of the radio wave transm ssion/reception
Ssystem by adjusting the input inpedance value of antenna A. FurtlpqupRt‘mg
junction point PO provided on the exit end opposite to the feed

the antenna main body B is shorted to the grounding |line section 2 by
nounting the frequency adjusting capacitance section 5 so that the
center frequency of the radio waves emtted fromthe antenna A can be
adj ust ed,. As shown rpdtehe equi val ent circujt in Figures 9, the antenna

t
mai n bo‘&fFr‘B’Cﬁé’é‘mef%a %‘S‘I’ié anatigps i’rﬁr?g‘"é*i‘l E2, which are connected
el ectrically iThes@buling laCdtcbn Nb&:onﬂjﬂﬁswm laieajmﬂﬁaoEﬁatteEiof sbomonpri sed
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the prig fgﬁgn Egﬁérqlrnéftere %Sa%it@lcgt'?ﬁ égﬂﬁrlldf ﬂ&ﬁ: 161{‘§9Hcﬁfd‘3§a and

extends fromt ol N mnal), which 1s _connected

to the tevomgl @k:n@ra&le(a@rstandlufmw farm@dv seNerne hpQnting ohthes9BAYHE ar ound

the ant ﬁé}?ﬁ]eﬁﬁhalo tf%aﬂdrhnbmeﬁte?mﬁﬂéeﬁﬁéﬁ QZ‘Q'Q'sé‘J@)nGEﬁd adrfinafll about 450
MHz, the ndi n section 2 and the antenna %ﬁégfggﬁﬂare
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ef fect gdint d)Qo FBdRARRAfiRERY Qﬂﬂiﬁaﬁ) anfdtaRecandaoehidige $dctien 25€ati on 2

shortin h ac aC|tanc The oundi n ne. s ion 2 includes a

t er ni nafg‘ E‘E‘%tﬁj‘%ﬂ thy re? e'?‘lerpé’im ﬁé‘TGPn? g?‘#f F@éva ing a portion
of the conductDke ﬁxmegfouhﬂlﬁgjsemmhl%mxmdmn m@ta;muﬁewnni\#veds a Brshi nal section
@7 cond term rst

o ound: ALLEBLPOIC S S enRr n FiRag) Polt Rl Ao TR B el 27

the fi rehingrdytR staitingl fra@n the rafederse poind O angd bandd PR glegrees tcmxtgbi 1 fhlagy

ext endssx{tf Ql'ghﬁ\bg e LG RN EEHNh F%utn;DB rﬁ@%@mﬁ@%&%@%@é@@o Teﬁtremi Bl Q2.

The fir groundi section 2a extend

VI ew, .t owa a first
di rectite a@boﬂ@@w&ﬁ fiegetipp PO WAdER &tﬂoéd direcaion Atpprdirechen wigws 8 éﬁfoel

l'engt h pfe dil2etSMbeihe FengifPbMthb asténk HhiaLbEYB, E:ﬁd)i%(tﬁl@erfdeberdegu@es poi nt 0,
and bends 90 de rees to exte din. the Sttbl-c 0C as shown

i n Fi guths agti-c spadiFecHeR 96"36% e BRCRPPIAL @ﬂét \0"{%‘? ockwi se
directi ﬁﬁlﬁmrmﬂiaestﬁﬁwm@ﬂ'dﬁélﬁﬁhé fierérice potht @mmelﬁrstmnﬂgmral @)l ial ong

L1 0 SELERR, QB h DR 18 AR 029,08 D0 Bn PP, b
j unction poi nt TR sexbnd gmlmdmgrsﬂcalon 2b extends towards the second direction (top
} direction in Figure 8) along the direction of the length of the antenna main body B
starting from the reference point O, and the length from the reference point O to the
second end terminal Q2 is chosen to equal one eighth of the wavelength of the radio
wave at the center frequency.
The impedance matching section 4 is comprised by: a matching capacitance

section 41 inserted electrically in series between the junction point S connected to the
inner conductor of the coaxial cable C and the feed point 3 of the antenna main body B;
and a matching inductance section 42 connected electrically to the feed point 3 and the
first grounding section 2a of the grounding line section 2, so as to provide impedance
matching as a whole with an impedance value of 50 Q for the wave transmission and
reception circuit system. Figure 9 shows an equivalent circuit for these connections.

In this example, the matching capacitance section 41 having a capacitance of
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main body B. Here, the length fromthe reference point O to the first end
terminal Q is chosen to equal one quarter of the wavel ength of! BAPR D
wave at the center frequency. The second groundi ng section 2b extends
towards the second direction (top direction in Figure 8) along the
direction of the length of the antenna main body B starting fromthe
reference point 0, and the length fromthe reference point 0 to the

second end termnal, Q@ is chosen to u one, ei ght h.of. t he wavel ength of
t he rad?BE b4y MIz isflaosted it P@&G@ﬁ)@gfé }f‘h%“ditﬁf) lﬁélefé%ncrig section 4
i's COWPﬁeicﬁgﬁMDYs} coanﬁgﬁéqﬁbj' aqp@aamaﬁ@dowqﬁs tteﬁﬁﬁ)hh@ildoﬂihei pgmqmr@b(em (r]I ically
in series between t nc 0i n cgnnect e t.he. inner. copductor
of the SOIATANIE Apl SAAC LHEParth B S1E 15 coperig A edRAPAE Hotibdy B
and a Wﬁﬂh&ﬂ;&dﬁtjsh@ﬂ&teﬁﬂﬁa coHrtdction sd2Mewhith ¢4 the nédggdhtrbecaédnthe 0 t he feed
point 3 and the. fir undi section 2a, of -t he groundi i pe section
0 g0 aeioengs i g0 hsdiid eteirtihe Bhior T fe i G O dafance

val ue ofhe3¢hgth dba parbef thefiesttgreunsiingssecion 2mbetweercthetreference pomi O @yist em

Fi gur e %efcﬁgr‘?@rgggg siecivt l‘ég%gglfgpﬁ{ JHe &aﬁaénrgtﬂﬁ?ﬁlgggﬁg%ga% Whie. ceflel N1 S

exanpl e, I'hg ance sectio capacitance of 21 1
1 APR 2{@gueBcpF at 450 MHz is nounted on the printed board X, and the

mat chi ng i ndu i: i.S: i | :

ot £ or n°f o meal A feueRErld Mind Bty SRRELRAS BLoBphtdOR/ b BIEL o
MHz, anthouniingethd chpacorsrides b destnelly bewerep shaungicmipintdtthend tdad i s
connect g f 9/ &%ﬂ)fﬁpé)% Q»F%h,%' deforld $BLAdIng SectiBR 2076H R &‘hg@@%@rﬁ'k e

ref erence point 0 of the |rst%£round| ng section_2a and the first end

t er ni nafs OIPToXAl capackance dalyeh ot S A AP0 MHe fe7 PF pt 804 MIm diney section 2a
bet weenadihgdmentsaremade ptisible ¥ aRThg tWideconaanestslansw.te Mis one eighth of
t he wavel engt QJaOf t he ridl %Oﬁave g.t t he cent %r fre%uenc% Th% fbre uency
adj usting capa¥l isREBted PopfdR, 1§ additiop ip thescapdysror RIS AeadH bW et i ng

t he capéerd are ormdeda, “I5'-dhap&l anikial cablld yorbettvgratteheX|l uascshboen ipdientbp PO and
the second end term nal of .t he secon i o] on the

br' nt eq B0pEurs § B SBimene e glfer TRAANAHO AR SR E“ﬁ% ot 450

MHz, 4. ntpinazittagliog beizern B hier mauptisg therintenas enamekislydbstgblylos thy havi ng two
CO“de“Sg{iﬁteé bBaraX | Rd mﬁgrégm HeG0cabBRE 11 fe@%&% ti Rf} o Red e

conduct patterns descri be bove, there are rmed a "L"-shaped
coaxi al pettasn &3cefrmemevdiat piderwidih. Riso, g8 its RBteR PRPheRs foroprampleedy i n Fi gure

8, for caBResEédnen bitEs PrIVEIedcBNdYs oGt thh inePAxdcAeRtdpabe 65 thand an
ant enna at_t%(E:hL ng, pattern X2 for mounting.the antenna main body B stably

on the dp¥ehavinghs transemissionand feetRtiohsrRALIMIES t he | ocation of the feed
point 3, it hascérfiagdo theaibbes meXJormell embodimunnahe watdenank dimhbe fis8p, on its

ot DR BRI o AARRE i Ve G ABh SRR, iS00 2 10
. case, the antenna A can be incorporated into the devices without adverse effects of

environment in which the antenna is mounted. Moreover, it 1s possible to carry out

impedance matching between the antenna A and the wave transmission/reception system

without reducing the antenna gain. Adjustment of the center frequency at which radio

waves are received and transmitted can be also carnied out so as not to Jower the

antenna gain.

It should be noted that although the center frequency for transmitting and
receiving radio waves was fixed at 450 MHz, the center frequency need not be
restricted to this value. As the center frequency increases further, the antenna main body
as well as the grounding line section can be made smaller.

Also, for the length between the reference point O and the first end terminal
Ql, it is permissible to use an integral multiple of one quarter of the wavelength of the

radio wave at the center frequency used to transnit/receive radio waves from antenna A.
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device having the transm ssion and reception capabilities. According to
t he above nentioned enbodi nent, the antenna A can be easily asijrﬁpR?ﬂnﬁ
into various devices having radi o wave comruni cati on capabilitiés.™I
this case, the antenna A can be incorporated into the devices w thout
adverse effects of environnment in which the antenna i s nounted.
Moreover, it is possible to carry out inpedance matchi ng between the
antenna_A_and t he wave transm ssion/reception. system w thout reducing
the ant Bhihs gahadimen); theganeth otshe fF seadine SP?té\ﬁ‘L?é‘rftf;}q‘%&f%ﬁ 18 lipgdi o
}Naves ?ﬁ&tibﬁQ?basaﬂa@r@umrtatmmﬁhh?& dfake héﬁvsgért@ﬁx .tgtamls ltraiﬂb aﬁbe Elcx)raa ttaot to
ower e, antepna gain. u e note al.t hou e.center
fr equenBipks gsme e #néutarﬁtﬁ?ef}gghgwi% Rretktd be liied 0 28s fePRwaa “aso
MHz, t hthat i Bilf 61 thegeaibatteneBtle Rabelbiath b tHelrhdib @chve tayibeshusdnue. As the
center frequen_i:é)ipc eas&s fU{thgr t‘ﬂge ant eglna%fmjali n b?%ﬁ’ as. well as the
groundi ng |'i nel it SRWERR THUHEHEDOMT SR ProgUses O 8 UEHD "ANGER  bet ween
t he ref atemcempiaiboty,Gviase extemal dintehsiendart @6 nirn dngthB, mintwidth e ssi bl e
to use an j.ntegral nul tiple. of rter of th vel.en of the
Fad o vaR R ondhiel P p S e AROMILY o Pra TR BLERTEY, o0 o vaves
f r om angemundind.se@n2alandAPRR 2@65d grounting senioadbrasishown methk éabdg. h of t he
first grounding section 2a of the qgﬁquing line section 2 was nade
equal {e—ene—gquarter—pt—the—wavelepgti—ot—ther+atio—wave+nofder—to
make a|shrefteaxcy fHenng A, but this | engt h5@oes not need to be|l BAfted to
this 'enWan]%Hé:tH,(c%hat one half or three guarter of the wavel engghp of the
radi o pave—fay-be—chosen—rable—3—shows—theresthts—ofeabsotute—gatt
produced #dygm#ﬂaa(nmén a Neei ng fan| a8t ennkd ndi 16bddy 20whps&3ext er4val
di mensi o%ﬂﬁ@@md e N?,Egm vy EIE ENBT 2 gnm t i ckpesg, opejated at
f

450 an( ' f—o fre—f-tr-st——grotmdimg—secti on

e

OUU IVINZ Uy aujusStl IIJ LTI [T TI11 L

2a and|t he Gacel%) gr ounéi8fig| skél il ch52h 894shod7iln-@.A% 1 aBLB. [ TABPe |1
Frequency (MHz) 450300 Wavel ength (cn) 66100 #1 gnd 2a

(cm None8101616203325 #2 gnd 2b (cnm) NoneNone8None88812 Gain

(dB, ) - 6. 86- 1. 6lirom Tajde b.4p cgvbeysegp shapophespperaiing PARPR MHZ and thg length seen

that, WaehedR& @bhitingiecdSP 2MZonR tbaftbreofltBOIgbelerih hth@s érh o thedemindi ng

section,2a is one qéar er of 6t6he vel.engt h. %t 6. cmeﬁr he |ength is

one hal s e hel{etihe F@ﬁﬁjﬁf‘ o0sE.ART BRI Gai e taPEr et P8t WPPhE F eased.

Al so, whsathH éfthe begd lr@indingeeatm@tds grade kgal go smcéphth oflthd s nmade equal

: ﬁ eorgnga}[aggtgggﬂqgtc%ﬁ r‘;}\%’e[vaé/agr!; 1%3 (%‘?%gg Vel thBtrJ]geh ﬁ’l%llé?lgjthsoi} #é Ei?s?%?(gmg}ﬁ%n though
section 2a 1s 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 s increased by
an integral multiple of one quarter of the wavelength, the gain 1s increased.

It should be noted that, although the absolute value of the gain is not
increased very much, the gain does show a peak when the length of the first grounding
section 2a is one eighth of the wavelength, and the gain is increased compared with the
values of the gain obtained when the length of the first grounding section 2a 1s shorter
or longer than the value at the peak. Further, the peak value is clearly higher compared
with an antenna having no grounding line section.

In the case of operation at 300 MHz, it was found that the gain is increased
when the length of the first grounding section 2a is one quarter of the wavelength at
100 cm, and the length of the second grounding section 2b is one eighth of the
wavelength.

Also, in the embodiment described above, the structure is arranged in such a

way that the first and second grounding sections 2a, 2b surround the antenna main body
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section 2a is fixed at one quarter of the wavelength. It can also be seen
that, while maintaining the paraneters for the second grounding section
2b, when the length of the first grounding section 2a is increastd APR 2065n
integral nmultiple of one quarter of the wavelength, the gain is
increased. It should be noted that, although the absolute value of the
gain is not increased very nuch, the gain does show a peak when the

|l ength of the first. groundin secti. n2a|s one ej hth
ool ondt it 55 HopRdn SIECHE 10 s pPERSUC Kompited SPENTE HuthaL e dBE B ¢ ne
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ol ar |y T EFaF PEGIBaT S ) HRE Cate i R RO GsTg e
secti onthel ﬁréﬁ ireuﬁcaﬁgs@flompeﬁaicn?éti ﬁiova@ﬁd Mitza lehgthwasalfto wnel qtlimgtr dfhe gain

e rou s§c n is one
quar tor g U B R Feve ot S arabeRe ¥R o bl g
gr oundi ag esteasiomaof thb second peowridgigt dectodn ’tlﬂneAndvahe irepeglaice hshing isectione
embod! MOk (ACBHLRRS PO R is TRl ohae iy BREARIEH R, AU 3 vy that

the firs grou I'ng 'sec surroun tenna main
body 23of tht asRRN20GH Wodyduand mnmmhcwnﬁthup'eml@ it is permissible to

arrange a StrUffhyfng)eggnéehﬁgmﬁlngs%ensﬁh,%p,ﬁ@&wda BB AgacHftd ons 71
a, 71 b are use I ng section (1" essent in a linear
pat t er nsectieatd liinserted elemgnqaléf meerigshetweandhe pneieipeipt %é@lﬂﬂeé d19 ﬂa@

Co”eSpmﬁ@§c&Qiucfol?%f {Hercﬁﬁmgf&B!%Ctt Qﬁﬁ ﬁﬁ?&éd%u?@ SERE hhieRsh ﬁ@iﬁ\b%dﬁﬂﬂd has a
| engt h equal to_ one quarter of he vvavgl th of t at the
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Second ik @ hélirdehg Ssesﬁidrpn alcffthe gﬂaﬂndzh@ﬁné m@ﬁdﬁlces Awhel8] asyeGhdten  42A
attern that extend fromthe feed

for inped ce ma

poi nt 3WgranIpwe 8H ae @% %’aﬁﬁ a'?:%’ﬂ??éwrsec?%l@hcém}’ﬁﬁhsﬁ%n poi nt G
The i npedance Hete Ithengats]ang lcqracdanee seqivprd] daeing capacrmhcmoﬁﬂgpﬁapam tance
section serted e I’IC int S
connect eé&g\%ﬁ? F‘femc"i“ﬁ% e?" dgbroaoq ﬁe%ﬁ?gg’% F%ﬁﬁ%mg{;&a@é%% e eed

poi nt 3isfomprsedhy eﬁh%rslmple‘i Cbmﬂ-yittB pattalrmcfoan%@mther’fglﬂmichﬂ?ﬂb?(cs@ asdet i on
42A Comﬂg&h&gakﬁu?ﬁtrﬂ ﬁaﬂSbW %rﬂeone%ﬁﬁi inREcted a@&jtrlt:ﬂﬁ} tofthé fkd goundi ng

section roun ne section. 2, as a so as to match
with an 3@6@@%@@%&%@8%@ 95901(9558\‘}’ t?t‘l}@’-m‘é)‘émtﬂo&ﬁs(ﬁn SSi on/ reception

circuit syst e”hlddeﬁ%ﬁéqh&a {8 caRBiegict aé&ensqs‘rbmees éh:bah&\l‘ll’;ﬂg a
capaci t ance o{ g % gé Nﬁ% 74}3‘_ m%ﬁ&@g on . the l d board q and
the mat YARYOT hdwEraanceMideen A ALt By By e
conduct (Moufx)&hg e capaditoeds ) SHHﬂeleﬂlrﬂcﬁlI)ﬂﬂ:t\bmrtﬁe j(xm;noxapoﬂnoPO pndthiede about 5
nH at 450 nd.on egﬁ s connect tr | | %’%é@ point 3
And ot hateEha S U D2 dant FesBRY BREPTDe StctBh 1 Bnct ikl Bopcf PO
3 Fine adjustments are made possible by having two capac:tors 51a, 51b.
: All other parts that are the same as those shown in Figures 1-9 are given the
same reference numerals, and their explanations are not necessary.
According to this variation example, because the ground plate (grounding line
section) is made in a straight line as a grounding wire, it can be made to function
effectively as the radiating element, enabling the antenna characteristics (gain and
directivity) to be further improved. Table 2 shows the results of absojute gain produced
by an antenna A, shown in Figure 7, having an antenna main body whose external
dimensions are 26 mm length, 5 mm width and 2 mm thickness, operated at 450 and
300 MHz by adjusting the length of the first grounding section 71a and the second

grounding section 71b as indicated in the table.
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Al so, the frequency adjusting capacitance section 5 provides capacitance

. values of 2.5 pF at 450 M4z and 4.7 pF at 300 M4z, and is conprisedl Byx 2005
inserting and nounting the capacitors 5la, 5lb electrically between the
junction point PO and the second end termnal 2 of the second grounding
section 71b on the printed board X. Fine adjustnents are nade possible
by having two capacitors 51 a, 5lb. Al other parts that are the sane as
those shown in Figures 1-9 are given the sanme reference nunerals, and
their explanations are not npcpssarﬁble&ccor ding to this variation

exanpl e, Frlegeends emiy ground plate (groundpng line section) |s3pmde in a
straight_—tTne as_a grpunding wire, It can De made to functio
ef fectilv ayelgggtbﬁgn?a iating elenent _en®hling the antenna 100
char act em $hit¥3a (GR) N RBkk | digreftiyity)ig o |bejdurt hgy || npsoved.z2sTabl e 2
shows the Tesutts of ghsotpte garm produced by am artenma Al S0 in
Fi gur e | 2721880 74B (gn) aptentaNess h Sody NeRsse et erlnaP  di nfbns| on? afe 26

mm | ength, cridrany dt h| angk P-1n3m | i g&ness; operst gdoags ¢5Pspnd 2390 Mz by

£

adj ust img—tireTengthof —thefiTrst—groumndi SectTom 7ia and the second
groundi ng section 71b as indicated in the table. 24 1 1 Ark 2005 Table 2
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Al'so, wheelehdib at 66 ginhthefgairhe iremeedlegnabimghrtbe eagthi dnhefirsbgicsndmge equal
to one ¢j f I t t the gain is increased even

t hough ?%cgi%blgr%gf%ﬁ%? a’f\éﬁgﬁl’l}ars Ogﬁ%u‘?’fg\%#é@%ecti on 7la is fixed at one
quarter of theliwavelseigiseen that, edile alaintaibieg sheparameters fahthesseeatidnt ai ni ng
the par gfﬂ?ﬁq@f Qo NG SRELHL r%rtﬁ’ﬂpme'}ﬂstsg?gﬁﬂ(ﬂgx;i;g etfon MIER ilfé?@as@:@_ngt h of

]

the firsSt grodndi ng section 713 'S | ncrease an_integral nultiple of
one quaby épr egrabipulialeat omg aHarterf thavavelength dhegale i Ingreasshoul d be not ed
tha}1 , ?Iht houghhfjsh@ulatbﬁ%wdqmg&m\%@h ﬂgéﬁ@sgmkdﬂx{%@e ?ﬁ?e ghi]pgsm?sed vegI y
much, e gai 0€es W a pea en the len 0 i rst grounding
Coct | on ML VER Eneh e BoBcE S0 er ey et e et asod
](c:prrp?r edeoz\iogmh I‘neone;/qighlb?i tfe Wm}eﬁgih?ambﬂﬂiga'lmds Mmtsedmdgmngi Wit thet Pet ]

irst groun section [ r n - a e
peak. PPEREY SeRER chifinytha e FABRL e sy ARGl By /18 Bl

or longer than the value at the peak. Further, the peak value is clearly ligher compared

with an antenna having no grounding line section.

In the case of operation at 300 MHz, it was found that the gain is increased
when the length of the first grounding section 71a is one quarter of the wavelength at
100 cm, and the length of the second grounding section 71b is one eighth of the
wavelength.

Also, it can be seen that, compared with the case of having the grounding line
section surrounding the antenna main body, the gain of the present antenna is increased.
However, when the grounding line section is arranged to surround the antenna main
body, the overall size of the antenna can be made smaller, but, as can be seen by
comparing the results shown in Tables 1 and 2, the values of antenna gain shown in
Table 1 are not greatly lower than those shown i1n Table 2. Accordingly, the present
invention enables the user to choose either to aim for high gain by selecting the shapes
of the grounding line section as shown in Figure 10, or to aim for a compact size of the
overall antenna as shown in Figure 8.

Tt should be noted that the shapes of the grounding line section are not limited
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wi th an antenna having no grounding |ine section. In the case of
operation at 300 MHz, it was found that the gain is increased “hF?Aanmﬁ
| ength of the first groundlng section 71 a is one quarter of the

wavel ength at 100 cm and the length of the second groundi ng section 71b
I's one eighth of the wavelength. Also, it can be seen that, conpared
with the case of having the grounding line section surrounding the
antenna mai n body,. the gain of the present.  antenna is increased.

However 1o ioss shayen gldgna sy 10; and 1§ tsabwws that sthes shapes £an ke ghosemi® t he

ant enna siire calgvf 2 HBACOWRI alrkaifd 6 prsoipaghenna can be mede smel |er,
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present ant A%l B8 PACRURURAHER! ((IRSGLIREH BOKE . 2 shown in

Fi gures uréeTs such requ ncy adj usting
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capaci t g05RneG] hefunchioh oBEPU'&’]%Ii bA 8t dring nRii BB NBdeRomPdy B, and
the second end term nal t he second gr oundi ng sectlon 2b is

connect &gcupdeisiroviges tofamy Jf?cff SYRNGYGA ﬂ‘ts“% canaGANeESHBIo8 5> s i n
Enbodi mgpbpekatiteswith Brdiratdsttrode ko tiat PAENRsEhRY Baih®odg BNS ifouatedanst ruct ure

h that t h nd.t I di t to the
Jsﬂ(r:]ct i 0 e‘?gg%a%%g‘hq‘ %’Fﬁﬁgr&p %??@%%q@éfgggﬂ@ %ggfeﬂ'éer"?féaﬁgﬁ-‘%y_ adj usting
capacit amltamcshctmm % Iorhit bese | hynedjusting pel digtake anvillpplsiépn ond thedikenfenna
Mo 0 DOWe dnerdha 0By Bl @&wqu%é SriRbULARK RpdcAbfitd \ifich P RHENCY

adj usting capacitance cooper ati’on rst el ectrode
so t hat fieheencynativsting mamtalngmecsom § cm)bm@ustgch inprher piords; the 4ot d X, the

first a foF L8 RaVefdinbatddRGtedIRRAH. t ance
secti onmg§§ﬁ9%g?§og%g%§§0i§{%§é%ﬁg c}Itiche di stgnce ?r?dﬁgg; tion and the

like of the aftdRWabRARPPUSORNFN BN aBIeER] Ads dealyurted forse insansauting

capaci t @Be&em{gﬂalma@b%r Jah@ﬁﬁl@d’%?dés ﬁ@khh%&ap&gmapm Itﬁaﬁﬁ]ﬁmlr%eﬁidl on 5 can
be adjusted, in ot er words, the cent

I t (et FAEDEY iiRifing Pric§ ansm sston
or receptieBMNHRAOREHINE FEEIA OPHRIGTA! GEMELTFTUERFHRFTUdNg
_ communication devices for processing radio signals. This is because the antenna A
enables the center frequency of the antenna A to be adjusted to the operational center
frequency of the radio wave transmission and reception devices, and the antenna as a
whole is compact and produces high gain, the radio wave transmission and reception
devices can also be made smaller for portability.
Here, embodiments explained above relate to those which are considered
most practical and preferred examples of the present antenna; however, the present
invention is not limited to those embodiments described, and includes any and all
variations of the basic invention that are obvious to those skilled in the art.
In particular, the number of resonance sections need not be hmited to two,
such that more than three sections may be provided, although the resonance frequency
of the antenna as a whole becomes susceptible to generating frequencies in regions

other than the operational center frequency, so that the overall gain tends to decrease.
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As descri bed above, such an antenna Ais ideally suited for use in
transmtting or receiving radio waves for various devices havin
capabilities for transmtting and receiving radio signals at a1gJWR£mE
operational center frequency, including various comunication devices
for processing radio signals. This is because the antenna A enables the
- center frequency of the antenna A to be adjusted to the operational
center Breq ency, .of the radio wave transm ssion and reception devi ces,
and t heVBHIEHAEEYdS's  whol e is conpact and produces high gain, the radio
wave transm ssion and reception devices can also be made snmaller for
portability. Here, enbodi nents expl ai ned above relate to those which are
consi der.ed Amsntepraetmprided dydnpntshez maih kodyhpivieg agflutahiey pff esent ant enna;
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r egi onsChaElFEstG HEAUSNGE CHYET aYsT sastiRehelth BTORAE t he overal |
gai n t emsiective eeonanas eurvessalthit eRr&00ancdkeattionsesdnatesatingasty the salne ant enna
conpri %%vai%ti%gtfféaﬂélcy?hﬂq ﬁﬁl@ DitehY indfh EodRiVERMstib¥ie@ o af RPRRRAEE .
sections connected electrically I n series, Wwherein each resonance section
has aneishapriesprance feapeiey dHfErant digm e nprmal wheatiop B Ao

el ect r i resdnancd sectiatisavhieh igpdduded dyratplingéf tha imiividad! redonamde seotidrisequency;
and the plurality of resonance sections are constructed in such a way

that characteristic frequency curves overlap one another at |l east in a
wi dt h pbrti ohnantenpgagserding © (agphakheseia thsweonages Haquessy i ¥sdéhance
sect i or ¢etd figh eencgtioneaismitting®r serbringaddivelvaws foathe antehnequency, and the
antenna main body is constructed so as to have at |east one resonance
frequency different fromthe normal vibration frequency of the resonance
secti ons whidhapenpg epmprsgdPy ag gopsmnagagt badydhaving aplutraity plssensnee

fS ect i Ongctichs cAﬂnc’t:@écBélB@ri@él@thét?@, Weirbédth esonliteaketidritasra@sonance
requency s uUSed. as cent.er n t I I ecelvin
e el 4 g R hed RSBl o COSIL pascer v 0

enme ntenna conpr an antenna main
body hagsangtes aprrupeimal yitsationekenwgnes sections connected el ectrically in

series, whergk Bheaak of BSEBRAIRE SedtRmb hRToRSBucY in sigk & WaIyGRatsect i on and a
capaci t ance, sect ton connect eg eerl ectri cathl ]]y i Flarafal‘[vlaﬁ% alql% Jresonates at
an nor nEPTATIEPRE FERUFFE AU 9 YRS B AT F'%);_ag N OHARYE 8l i ons are
const r uespEdtivaresonsnce cuiays shiket eash agsaoanseissetion esangies at peashrthe saraver | ap
one anaidfkl Abrdti®aTrequbngg, Wdihb aRRhAd MAinHody is constructed so as to have at
least one resonance frequency different from the normal vibration frequency of the
resonance sections which is produced by coupling of the individual resonance sections;
the resonance frequency is used as a center frequency for transmitting or receiving
radio waves for the antenna; and
the center frequency is selected to be higher than the normal vibration frequency.

4. An antenna according to claim 3, wherein the antenna is constructed in such a
way that the center frequency is higher than twice the normal vibration frequency.

5. An antenna comprised by an antenna main body having a plurality of resonance
sections connected electrically in series, wherein each resonance section has an
inductance section and a capacitance section connected electrically in parallel and
resonates at an normal vibration frequency;

the plurality of resonance sections are constructed in such a way that
characteristic frequency curves overlap one another at least in a width portion of
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respective resonance curves so that each resonance section resonates at
nearly the same normal vibration frequency, and the antenna main body is
constructed so as to have at |east one resonance frequency di f fl r AR 2005
fromthe normal vibration frequency of the resonance sections which is
produced by coupling of the individual resonance sections; the resonance
frequency is used as a center frequency for transmtting or receiving
radi o vayes tfor t he ant enna; ﬁnd the center frequency is selected to be
hi gher tHARTRASBFNE CWYBS2 B Fa3h iEepienes section msorgiescatmaade thersdimeg t o
cl ai m 3 nowid vihratiothfrequeneyymaditis: adermh mui bodyt i3 ceQRicied 368 tb Rate ihe
center fd@MRIEwnascH | | bration f uency. 5.
An ant enna _conpri sedé%aﬁg.%&g%ﬁgﬁﬁgﬁﬁ%dﬁgg%ﬁgﬁ hqgj\{?t#gn %e%eﬂ?bé?f&‘g of
r esonanCEONYEE SFGIRGS %‘e‘étp USFERY fqupling of the individoal reppnance sectinns)
resonance seetfieqnetvasdpsting nahacitamne eectientis ermnafned ales@RALY {PRERs $E Ml ON
connect ggeRhLnhin Holl It E{dﬁh#iﬂgglréﬁlna%qreghgfcgnat es at an normal vibration
cti

frequency; the plurality o esonance s hs are constructed in such a
way that characteristic frequency curves overlap one another at least in
a_wi dt hpor t Kavantfind ZoripfisabFty 200ierinR FRAY boEh 1 ARONBRERiLS UF KSRt hal
each re nat ar the sane nor vi bration
frequeng&?egfl%@ﬁgggﬁggﬁﬁgﬂ ﬁ} s%ﬁg%ég/h@?eén ?:%crl?sr £ ?oﬁlé?%edsegtéorég%t%’ have at

| east oHéuFté%W&ﬁ%@ e eAPASange peciion gentectseheldstrigadly imbarallblrakdi on

f r equencsgonitest ran noasdndhados Gefuepdy Whi ch is produced by coupling of the

i ndi vidual r : i .a.freguency adjusti capaci tance section
i s connect ed&gli_éc% frfﬁcozﬁigsi?&llgﬁcscssg(?tfoélg 4 OCQPH%UCt%Ar]'tneSﬁ'ﬁggl’f‘ﬁ'iyﬁgﬁody f or
adj ust | PRFACGTEYE AEABRNCY CHENES RESlapmne anothat @rierst ompidts edrtion afn  ant enna

mai N boekgpdetive RgoRart diidles by tHat edcBTORANER seS&Rint kMRS %f‘ﬁ%gf}gtﬂe same oo

el ectri i rd es, wherej,n each resanance section
sect i onﬁgrlﬁd&}lgibg%%glcflﬁ L %‘é‘gl”i‘?&f}%&%%& Yt estrugiat 59 a5 1o bayedt| el and
r esonat 835t gne sesopmncadiequensy atifferant fremy themmymal vibrasiontakuencyaff thesonance
sect i Ongséaee QREbALGARE id ProBt&da by daylidd Withe FIMNIBGHSEdRhAG dEEGUENCY

on o

curves overlt%g one anﬁ.t her at. least in a dth rti of. respective
resonance cufVés SHEHEIENEHS P%%c?ﬁ&ﬁﬁ%te’égﬁ‘ﬂqe&ﬁﬁ%ﬁs‘@ﬁ%%‘n&?l’ FREBMIGE t he
same  nigdieavavgs Bordhe enteinazquency, and the antenna nmain body is
construct ed e cafer ﬁ’ei@i{@y Blseleb@3% bOREARAARIGOMECANERGN slhlLRient

fromthe nornal vibrat.ion frequency of "the resonance Secti oOn

produced by Egﬁﬁ?ﬂefl%a pst{r}gecap%a'gagf%qﬁpoq <48 dedrcallydn series tegbonance
f r equemnjenng mage Hodysfon adjpsting a fesenpmenfryqiency.t ransnmi tting or receiving
radi o waves for the antenna; the center frequency is selected to be

hi gher fhan fhe normal vibratian frequency;. a frequency adjusting
capaci ti;ince ‘é%&?tlew ‘i‘%%db‘i‘ﬁ@c‘tl%‘ﬁ’ I‘@%ﬁ‘? g frequencysalinstigg capacifance

section is mounted between an exit end, which is opposite to a feed end of the antenna
main body, and a ground section connected to ground potential.

8. An antenna according to one of claim 7, wherein the inductance section of the
antenna main body has coil sections comprised by a conductor formed in a spiral-shape
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antenna mai n body for adjusting a resonance frequency. 7. An antenna
according to claim5, wherein the frequency adjusting capacitance
section is nounted between an exit end, which is opposite to a fickeAPRIS
of the antenna nain body, and a ground section connected to ground
potential. 8. An antenna according to one of claim7, wherein the

i nductance section of the antenna main body has coil sections conprised
by a conductor forned in a spiral-shape 27A 1 1 APR 2005 or an angul ar
shape t [Pa@n @agnlyeshapathatGamdeagrigximatedpy appird.  An ant enna according to
claim8, wherein axes of the coil sections are aligned substantially on
a straight line. 10. An antenna according to claim9, wherein at | east
one port%‘.-on of ANHSENEHAFRELRS 1q Ham %ﬂﬂ&r@ga{iwf(& foilseguonsare AiENeBnduct or
sect i onsubstarti@ly 8h Begaikht Imepl ane inclined at an angle to the coil axes.
11. An antenna according to one of claim7, wherein two resonance
sections are connected electrically in series. 12 A radio wave

transm g98i on/ remamtdrmmpapnﬁﬁ%tmmhﬂggivﬂgmn at Rmmépeﬂioardflehma for
transmtti or,.recejvi,ng r.adi 0 waves usjn n_operati.onal center

f r equen OB Elel vikkai e o B Eandit 3o dbar ot ina Tt he

t r ansceiinabnedatt arangle tankk ¢dileaxeent er frequency is used as the operational
center frequency. 13. A nmethod for maki ng an antenna conprising: a step
of fabricating a plurality of resonance sections in which each resonance
sect i on llesonatinragteana acoootingto eneiaildimry, fvhergiretvey resgnamael sedypneamnect i ng
i nduct aQSﬁ]ec%Céléc%aﬁf% &apaci tance section electrically in parallel so
that characteristic equency curves of the resonance sections overl ap
oné another at least partially in a wdth portion of respective curves

so as tqgzenabl @ @aehveIRNARSSoS RS dpPafaBRORNNG aAtarR€@Vdrintdifa Same
normal vibration frequency; (%Pstep of. fabricating an antenna i n, body by

connect ifﬂ'gtri“}?@“ﬁf’&fz’é[‘icf"y‘“&fra FENRRPERE YRS YA ATegUeN<y. VHETEdr j es so
?S to praﬁdﬁgﬂ?]i ﬁ&oﬁﬂﬁ@tﬂhtaaiﬁm R ulbaﬂysbtﬂ\avﬂaﬂg:eifvai arteanl axd I&hg rcefﬁeﬂancef

requen i gher than, the nor vi brati on frequency; and a step o

adj ust i ﬁéqgﬂ%yd‘efuﬁeaés F}lfsoé’ﬁ‘éa%(?ggf‘:?gtﬁﬁ RSYLEY by connecting a frequency

adj usting capacitance section electrically in series to the antenna nmain

body to ;3;match or\ﬂaigtg&jfrmemft&ﬁggﬁashgﬁ%havi ng a hi gher frequency

t han the norma ratron. equency to" an Tenter frequency for
transmitting of stepcéifabrigeingaaiploralitiefsesomgnce sections in which each resonance

section resonating at a normal vibration frequency is made by connecting inductance
section and capacitance section electrically in parallel so that characteristic frequency
curves of the resonance sections overlap one another at least partially in a width portion
of respective curves so as to enable each resonance section to resonate at nearly the
same normal vibration frequency;

a step of fabnicating an antenna main body by connecting the plurality of
resonance sections electrically in seres so as to produce the antenna main body having
at least one resonance frequency higher than the normal vibration frequency; and

a step of adjusting one of the resonance frequencies by connecting a
frequency adjusting capacitance section electrically in series to the antenna main body to
match one of resonance frequencies having a higher frequency than the normal vibration

frequency to an center frequency for transmitting or receiving radio waves.
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