" :cde3e(V(S| @6T:D 17 J UL 2002 *~~2* 1 SURFACE MOUNTI NG ANTENNA AND
COVMUNI RATUS USI NG THE SAME ANTENNA . BACKGROUND OF THE
| NVE of the Invention The present invention rel ates

|

surfac

ng antennas used in nobile communication apparatus. tﬁdﬂlamﬂ

mobi | e cel MEP%r t el ephones, or in radio Local Area Networks (LAN). The
I nvention also relates to comruni cati on_apparatus using the above type of
antenna. 2. Description of the Rel ated Art I'n known types of surface
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convent i ogaMet WRFENNR surface nounting antenna units, two antennas are

required to obtain a signal corresponding to two frequenci es.

However,

stripline radiation el ectrodes are widened with a view to inplenmenting a

wi der bangwi-gtR owibh o h?H@eﬁﬂbﬁﬁgaﬁh downsi zi ng of the overall antenna of

t he above conventional type Is
antennas flor Fheddniofg theo Inveqtdon es requires a | arge area,
enl ar gi ng

npered. Further, the provision of two
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he resulting antenna uni.t and accordi ngl increasi ng the si,ze of
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conmuni cat1 on appar at us

above type of antenna.
2. Description of the Related Art
In known types of surface mounting antennas, the radiation
resistance is increased or the radiation electrodes are made
larger in order to achieve wider bandwidth. Also, in
conventional types of surface mounting antenna units, two
antennas are required to obtain a signal corresponding to two
frequencies.

However, stripline radiation electrodes are widened with
a view to implementing a wider bandwidth with the result that
downsizing of the overall antenna of the above conventional
type is hampered. Further, the provision of two antennas for
obtaining two frequencies requires a large area, thus enlarging
the resulting antenna unit and accordingly increasing the size
of a communication apparatus provided with this type of antenna

unit.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide a surface mounting antenna in which a wider frequency
bandwidth and a signal having a plurality of frequencies can
be obtained without needing to enlarge the configuration of the

overall antenna and also to provide a communication apparatus
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17 J UL 2002 2 using this type of antenna. In order to achieve the above
obj ect, according to one formof the present invention, there is provided a
surface nounting antenna conprising: a substrate formed of at |easq70/¢ 280
dielectric material and a magnetic material; at |least two radiation

el ectrodes for producing different resonant frequencies, disposed on a
first main surface of the substrate a fgeding el ectrode di sposed on the
first main surface of the substrate; an@ a ground el ectrode di sposed on a
second maj.n.sur t h t e, wherein the radiation el ectrodes are
each openugﬁagn%%%%dggﬁg %gﬁﬁggfe ta'ait the other end to the ground

el ectrode, andIhheddnadity &£tktévedehandbble @isectdsaddotding atlb abhen

el ectrodes are el ectromagnetically coupled to eagh other, via capaci_tances.

In the abdP&™ e bheaprEARRE t‘t’fﬁ’iﬂ%jt%ceﬂb%ﬁ\eéﬁ BV i grFdace
el ectrodegouR¥iRg SHY@hnhOcdMpfEairdPh Subsdrdte E82Re4NSE V&@tlQa%ftl bHe

el ectrodes. Al so, opposite-directional currents may be caused to flowin

t he radi aki diiedlesdinicdasa tewink dang aomagoeltdc materdfali;heatprbeast two
invention__there is provided.a co ni cation ar aj,us. having the aboye
Lype of - FBRRRREE o T T REE St R Eot |\ PheSinEiRe, ALkEERA ", kBSPRERE:  on
el ect r odegrkaiicpco@eGi agsgbbtarenta Easatanhih StEiIce & ahe gubpesadedn a
single substrate. Wth the use of this single substrate, an antenna can be

const r uct 8d EERAGTGh ehRCERCSegRAPRORSE ARG &Dpl BEEPEt Padn prE§AEACPEstBEN be
transm ttQQPQEQaq:%(;e'a\ﬁ%j’a;%#ﬁﬁr@ﬂgﬁgggflghﬁ&'s BeRAPYrAldISsebbiq: mBin

plurality o regquencies c oug ose t0 each other, so that a
wi der - banduaikeenaf theesubstagyger wherweln dilre wadiatdonbelektxiodes. are

Mo . the dist bet the plurality of radiation el des, i
ot orm neA°48 SRR 15 ORPCEot) M (FOPIRRAE (en EhRG oLRBR 1t G GERS

whi ch cangsdpphesl ee@¥Rlie)d abat Waen fel@ingléléctrbdéd082d3thadbpbhOBnds
el ectrodes, thereby reducing | oss. Additionally, opposite-directional

currents gfetBausedizbierdertrodep|analsler taonagmesiicad o1 serpdedsto
t her eby iggkgigkﬁgrebggtE%g%gg%gb%egqupling bet ween the radiation
urther, a co ni cat’l

el ect rodes. on apparatus having the above type of
ant enna can of ffer thdvaindegeasyrse Mfl antenanahotke aids ttarste be tiweerthenbao

o ai t i nEATIARIER PECRFPHFEIPRE b EARFRCEFPY LURTE oF JEPBRERFR i ew
of a Surf@ﬁg rmyat;hngo@nttmnae@eeefaaas.t0 allsid, St oppbestarai rabtibgal
present | nventi on;
currents may be caused to flow in the radiation electrodes.
According to another form of the present invention, there
is provided a communication apparatus having the above type of
" surface mounting antenna.
In this manner, at least two radiation electrodes for
producing different resonant frequencies are disposed on a
single substrate. With the use of this single substrate, an
antenna can be constructed through which signals having a
plurality of frequencies can be transmitted and received, like
an antenna sharing apparatus. Also, a plurality of frequencies
can be brought close to each other, so that a wider-band
antenna, like a stagger tuning circuit, can be obtained.
Moreover, the distance between the plurality of radiation

electrodes is determined as equal to three times or larger than

the electrode width, which can suppress coupling between the



Fig. 2 is a diagramillustrating an electrical equivalent circuit of the
surface nounting antenna shown in Fig. 1; Fig. 3 illustrates the frequency
.characteristics of the surface nounting antenna shown in Fig. 1; 127' g ﬂm’s
a perspective view of a surface nounting antenna according to a sec Wd
enbodi nent of the present invention; Fig. 5 illustrates the frequency
characteristics of the surface nounting,antenna shown in Fig. 4, Fig. 6 is
a perspective view of a surface nounti na antenna according to a third

enbodi ”E”Eaﬁﬁatt*i%f;pre?eeé\éréc{%’&”t LRQ%ef Iy efubl hiStIHLS tgﬁdEEggﬂEQi¥r, .
characteristics of the surtace nountrng antenna~shown in Frg- 6, Fig:’8is
a per specbppesiitewdifrea tivhihiceciprehtB] aNéenfwused orth N lioty aihoukhke

enbodi ment _of the present invention; Fig. 9 is a perspective,view, of a
surface rrB&HFPPrthﬁt eRha Fadaking toeggFFF?ﬁeénbocﬁl"r‘Pé‘?‘Pﬁwof tRB1pE&ELBEL

i nvent i one13B¢ rbim@gntQ ilcS caup2iBRe bleitWRehl eWelOtradia®IBrNedakiteBaapnar at us
provided with one of the surface nounting antennas of the present
i nvention. 1Further,2@02onmpEiAREEPRDRBPRF RTHENhEN I EFBEDBE VERPSeOFYPRIE

| NVENTI ON i ts Qf 1 re | hvent L1l.n L.hed, . with
refer enceot'% %@%&aﬁa%gség%eﬁeﬁér‘?yn%t%%ﬂg épien?{shbge!ét{:?/e@\%ggv g?ﬁ%{t’?gt ng a
first enbetienaiitedind.he phasent wideit-bandshdiyghder fgin land dowhaieed
nount i ng antenna generally designated by 10 includes a rectangul ar

subst r at e CPIYRAER taPR, 2PPET i CaRaPer p&taiB8Eh as ceranic or resin, or a
magnetic material, such as ferrite. Radiation electrodes 2 and 3 having a

| ength of approximately a/4 of a predeterm ned frequency are disposed in
paral | el BBIEFcRESCREPTIONa OFc FHEa DRAWINGEal on t he substantially

peri pher al por%_i.ons ofstape obveerstewsurf.a%e f tshe&:stébstroat%.% Bo;;h glhe
radi atiqn el ec FSded 28 fh&SF WRAFLYHEALYSR pae AR & 85‘ InBR58"8nd 3a

on a firstcedgainl EbeaSEh&bkabﬁbbdiﬁhﬁtebQCEthE&eEeﬁﬁdiﬁv&h&i&ﬁﬁneCted at
their other ends via the edge opposedly facing the first edge and its
adj acent | at er FATsupf € ea t S AT RA Ud W e tinge apngilestedcpy eAvivalensd

portion sQowayiR Blrdend EArFadeOholB® 108y GhEEnAY ERGGNOLn! BegSURStrate 1.

Fig. 3 illustrates the frequency characteristics of the
surface mounting antenna shown in Fig. 1;

Fig. 4 is a perspective view of a surface mounting antenna
according to a second embodiment of the present invention;

Fig. 5 illustrates the frequency characteristics of the
surface mounting antenna shown in Fig. 4;

Fig. 6 is a perspective view of a surface mounting antenna
according to a third embodiment of the present invention:;

Fig. 7 illustrates the frequency characteristics of the
surface mounting antenna shown in Fig. 6;

Fig. 8 is a perspective view of a surface mounting antenna
according to a fourth embodiment of the present invention;

Fig. 9 is a perspective view of a surface mounting antenna
according to a fifth embodiment of the present invention; and

Fig. 10 is a perspective view of a communication apparatus
provided with one of the surface mounting antennas of the

present invention.



A feeding electrode 4 is fornmed between the open ends 2a and 3a of the
radi ation el ectrodes 2 and 3 with respective gaps gl and g2. This el ectrode
.4 is guided to the reverse surface of the substrate 1 via the fif3tJuedgs of
the substrate 1 and its adjacent surface and is electrically insulated from
the ground el ectrode by virtue of the material of the substrate 1. The
resonant frequency of the radiation elegtrodes 2 and 3 can be determ ned by
adjusting their lengths and wi dths, and“the el ectrodes 2 and 3 can be
excited b e apac n ated in the
gaps gl a%g&ﬂngﬁ Bbﬁggﬁggggﬁogﬁc%y?QE?M?PTE Bﬁ b?ﬁeigﬁgﬁﬁgg es 2 and 3 in
t he sane d|recEmbnd;AanebeufHﬂuabreqmmtalanéntionuwilb&uﬁhbe éebotibedat can

be representﬁd %§ i |l ustrat In this 17 J Ul 2002 5
Rl

T ustratl SRR e HEAVEROE npn B AR 4% bt BEFPROFREYBaps

gl and 92%¢ibg itmﬂu!séraeih nat eﬁbe eAgbaLhent| BEUEhENEREs LAt { IRvEALL BRI ON
el ectrodes 2 and 3; and and R3 depict the radiation resistances of the
el ect r odeshewandis. ththlé:naﬁneﬁurﬁheeleﬂgﬂhglagd @muensaofgeherahaYat|on
el ectrode o [ o] e 0.2 en a
const ant éﬁé éﬂggggoggro uég %ﬁgfére ?éﬁ%é%g%egﬁﬁgﬁﬁ ifg E
frequencyacaaéaeterietmasenialhiSucﬁﬁunhdarnmﬁBWbrshewﬁnbnoElg magnécﬁerd|ng
to this enbodlneEt wﬁ frequencies f2 _and, f3 can be ogbtained, _as

1 Ust r at BRCPRIPLy, =80 4 HeFrtar «REGLSBIOR SLSTTIPees & ARckInbaHERg
antenna, angehfts, of hippidPandie BPDEMDE @ pRPBHEEBRIMENEE ereeﬁaﬂa¥ca£eon
system having different transmtting and receiving passbands hese
frequenci é5sposaddin 3941!’?111%1 dicagagin othfrgata mesﬁmgmtecméepnt theach

h bi L d
ot oirent S0 RAAE ATk b EE o IR 5 O80 St 38R RE ey (e

present i aubatraaevmt I eBcrtﬂf ahled Rgdiatkbg. eﬂeceraaééaa:emmunhaﬁrg anbenoa
general ly indicated by 20 of this enbodinent differs fromthe antenna 10 of
t he previ BR8PenBSE rﬁaﬁfe sABRR eRdsi ga 1384 BRaCa 3 aflEBFosdgEe @ ofR®21 in
a straighg \: ubstgfdit ephgqeke t

el ectrode T‘%ngt %argi be %or?ﬂ%%?oaﬁrgbeﬁ?nér%%l ng t n%he r%a{g%]%ngﬁelr
frequencyotRér dimds otiwertheoesigeuoppoaeddy fmmttﬂimafmtaledgel anflaitso

t hose of the t,e ment thus an, expl on er eof

o tted bIABEPRRAHT HERT he ARS S oA rvtoRyd |4l Hids dnadcated: By othdhe
frequencyngbanaat gorstbssRbwhhenseegndl epbodedesh €hé §é@é\»ﬁse Ngidrk-Pac® i N
which f3 and f21 represent the resonant frequencies of the radiation

el ectrode®f3thAdspRstragpedtively. A third enbodi ment of the present
invention wll 2002 _6 i h f [C 1g. 6.
In a surface nnuntfﬁgngn%gﬁéékééﬁe?aﬁfyf§§§%§s%§€“%£% ¢ % 8%Sst§%§gh€g
radlatlonaaﬂe&arqﬁkth&&ra@idkipnseweberméea 2hﬁubenWimadraspeatévecgapdes 2
and 3 sho in_ Fi 1 so as.to _attain three, guencies f2, 3 and_f31. The
radiationégI%E?rSgés aﬁéseﬁ%FfEﬁ°% bsf%% ﬁ E?eg??oﬁﬁvétsﬁhﬁu?gﬁ?ﬁtlon

el ectrodeo8lthe ewbktedthy 1t haaf e:emb‘ i reteddgdeo sl dHY s erLedari drace
generated in a gap g3 forned between the opened_end 3la _of the el ectrode 31

and the fééﬁlﬁ&JéFGGFHﬂﬂiﬂﬁceﬂﬁP%thére&&ﬁ Figetiyndnsmlafed dmnmi Fent are
simlar tg bhngeePbcthgalibyty 'c@a@he 214 XB Eﬁ&' Lpgsegfwill
thus be omtted by deS|gnat|ng the sanme el enents e reference
nuneral s. The Thequeacypanhafrnefuensyi of bhethedihtzdneahedtnedesazeand

illustrat d in Fig f2,.f3.and 31 depict,the respopant

frequenci &s°3? PHe ?%ﬁﬁ%&?ﬂ%ﬁﬁféépﬁgié? £%§15n32§gghfe§B@chggﬂ§ and
descri pti eneweiécaewas 9 ped Pfcadh Uk ieBo8y,TBAE PlédengededtPEaL 0

Fig. 8. A surface nounting antenna of this enbodi ment generally indicated

by 40 is i thepuab WQ%%W%%WMWﬂ gare pgh emgt 92.stripght
radi ationg o e 41 h i gti I r 3 so-
that the eﬁé%t%ggg Iéhéi can Bgﬂﬁi ene it §%§§8t°5?%c?e§%?h§ tgé ?ggonant
frequencysamha ﬂ&réctmbar inthis enbodlnent t he di stance d between the

radi ati on el ecfrodes 21.an 41 |s et e to t tlne | arger than
the el ectrode Wdf ﬁe E5t e Xt %ﬂﬁyﬁd q%fﬁt ?é&%ﬁﬁgr%ﬁﬁcing
| 0ss causpd byepeklseated,wawes. Jmﬁiw&e&onﬁrugigonszof t hign enpRds ment
are sinilar to those of the second enbodi nent shown in Fig. 4, and an

expl anation thereof will thus be omtted by indicating the sane el enents by
i ke reference



nunerals. A fifth enbodi nent of the present invention wll now be descri bed
with reference to Fig. 9. A surface nounting antenna 17 J U L 2002
.general ly designated by 50 has a rectangul ar substrate 51 forned ?fj fZﬂU
dielectric material, such as ceramc or resin, or a magnetic rrat1e ig , zuch
as ferrite. Forned on the obverse surface of the substrate 51 are a bent
shape a/4 radiation electrode 52 and a %trai ght ~/4 radiation el ectrode 53
with their open ends 52a and 53a facing~each other across a gap gl. The
radiation 5&'1%%%&%‘?:%%1:15,2 d %3 %’g‘i &%’&Q%%g%d Rl Egg'arci %Q%re eg@ge\ﬁa@eﬁhe
corresponding lateral 'surfaces td a ground el ectrode indicate y the

hat ched pdmt i tine shaws igl Fagd P4 spRseahdnL3 hdesdgnate sthid acadihtiba

substrate ,51. A feedi n% el ectrqQde 54 is formag agiace t to the opened_ends
52a and 53RIYCtEREeBgitatrEnTafeetioRetl8otTAde8 2 \@1Y Yo fi Y R2 AP R3

respecti V%.le?ic-Eh'tﬁ'_xé epslh (P £b0CepUBtantcbs BY el (N G JRUELI SCandr Bace of
the substrate 51 via one side of the substrate 51 and its adjacent |ateral
surface,. dmd thisl eeannemnl | hiensliengthsf rand t wadgheundf eltds r vadietione
reverse sunface virtu f the nmaterigl, of . substrate,51. The, r.esonant
(roquenc: 82 aeecinee! 2 ri 3o Bel Vatestssd i Gl did En raglayith
regul at i ngnith@inae gt dhdt A3sef thepdRidd oOdELSférentd £2equendiklas

el ectrodes 52 and 53 can_be_excited by the feeding el ectrode 54 through
capaci t anE¥€hyeter ffe®ih £Re gafhe gfreAueRgy chamfictesustdiofenet thés

feeding elgeliadent4 a3 SlemPReN FaRdS 352a and 53a of the radiation

el ectrodes 52 and 53 are fornmed at tthe center of the substrate 51 so that
opposi t edi r ect Aoralrdimg et sthdlan énbodimente twali fitegquentbes r 62esnd?2 £3nd

53, thereby _inhibitin | ectro neti oupl in tween .t he .,el.ectrodes 52
oo b avha B RkRifed, PRb STPARERfed IR PP O SRR ST Shis R Lo
provi ded wft b Githgife tder By aftstt i darsteinee dhdnthag, abhesnagpélof

t hrough 50 while referring to Fig. 10. One of the surface nounting antennas
10 t hr ough™5enne ndént @PPLlirpbiey [£02002 SOBAURLCBNHAORI cAYPEAMappAVARGS

general |y dri%ﬁfreg-}%@t e@ﬁ?ﬂsrﬁitPYnEOla%g i chgi@iéggg:j Karffd ! Odelﬁnghgegof

ground el ectro of the antennato a circult or Its sub boar
t he appar &tresrueheiks Wl | ahéd EBedm ywhendéisgoad HEomMighe ¥ oargobmrgught

description, the present inyention offers the fqllow ng adyantages. At
oast twoCHREeR i5h BRER: hetR nGREERPE, ERD iR IR v Eden, BYaADasEd on

a singl e WAL sBY @ athS DM@ kmehtled.s singl e substrate, it is
possible to inplenent a surface nmounting antenna through which signals

having a pl ur alPit exelamaddenciidsl qaw dee tohvemi ef edl amdondcerpedimanso, if
the pI ur al If.t ﬁh%f gﬁ:ﬁggﬂﬁnﬁh@égéignb&ﬂﬂ@tr d‘ég’ﬁilfﬁ% tedal%qgt QGI‘ ! asurf

wi der - bandw dt ntenna can be constructe eover, the distance S‘gteween
t he pl ur akmioluy tdhgr atitznnan genectrldge dndd cackedehyal 0t oft khée embedimenicar ger

than the el.ectrode wi dth. This can ppress el ectromagneii ¢, coupl i
occurring &n TEPS (SRE ARTHRRE eﬁlr‘gfdegr,‘etﬂﬁ?‘ébT‘? eﬁﬂ%f’abmFB s.s’p‘gl‘ﬁ‘t her,

opposi t e- dinf @Gly.0nali nC ¥hz@NhS rakid atdvted1lethbaw 20 thear adraliyAR form
el ectrodes, thereby inhibiting el ectromagneti c coupling bettyeéen the
el ectrodeds Audvistiidndiedy fox elestapder 3t 80 thatnghehelgbsvedeype

of  Surf acs Al | BEAEN AR AR AN LAGR SRS LA Lo A DO AChigURd By (he

ant enna. a W der - band, ergaln and downsi zed Comuni cati on
appar at us focaguleacycfi2dvwed Thal oittuegh cpnefteuced cewbodi thet antenhhe 2pr asent

nvent on S el VeRELLBeG AUUNE, i shoulid e e L08R, P
explanation thereof will be omitted by designating the same
elements by 1like reference numerals. The frequency
characteristics of the second embodiment are shown in Fig. 5
in which £3 and £f21 represent the resonant frequencies of the
radiation electrodes 3 and 21, respectively.

A third embodiment of the present invention will now be



' nodifications will be apparent to those skilled in the art without
departing fromthe spirit of the invention. 17 JU 2002 9 WHAT IS CLAI MED
IS 1. A surface nounting antenna conprising: a substrate forned ﬁ;&@t
| east one of a dielectric material and a magnetic material; ' at1 {2000
radi ati on el ectrodes for producing different resonant frequencies di sposed
on a first main surface of said substrage; a ground el ectrode di sposed on a
second mai n surface of said substrate; Said radiation el ectrodes each being

open at fi €0 nect t seco nd [ roun
eIectrode?&gaFgggﬁhéﬂgﬁéc%?o%geﬁggpggegqﬁﬁ §§id ggb%ir%%%?aégigoggggP%g
el ect r odeanrénhhe gacer£Nlg alepr@isédntad abyor30s| eat rsdesighite radiation
el ectromagnetically_coupl ed to each other through capacitances.

2. A
surface rrﬁﬂrﬁf’?:ﬁ&dén?énﬁg dtsppaedhDetwprn She et raddpkdon elersyedes

di sposed @napai  Ghbwh R Bigu’ fage Qb e8! dtedPal EAtBe 2redliCnaibface,
nmounti ng antenna of claim2, wherein the open ends of said’radiation

el ect r ode$3amhdaifdf.cedThg afadtiaidn apdetbrodédsataxmeexsdgbedf hwi dheir st

mai n surface .of sai,d substrate,.so that _a.current.,is,caysed to flow.inh each
Sai d radi SEFARRG) SAEFTEoRe B RBS ERdLarien, pRotroag Tt e Sxpabln By o

surface nmaHnst ifle@ddfige ¥l Hrodenidn throMit &l Nedpec D engénétacéd din a
radi ati on el ectrodes and said feeding el ectrode are forned substantially at
the cent ePaBf Fdaif@Mad Patiiaens it PHred Anf sthA 195t Bheoel pgirode 31

0pposi t - dhaeeh0RALatHE! 8ALE LabACAUSCInR0oLhaY LBnsgkdakidha! bENtn1s
el ectrodes. 5. The surfdce nounting antenna of clalm 2. ereirn the
r adi at i onembedtiimedes alvey asimidiast sriocetHdmy et tieenfitdie emisdédimenbet amdn

sard radiaLl on, glecl0des,beL0g SOHP Ll Yo | SAV A5 abbTERa kIS LN ©

same elements by like reference numerals. The frequency
characteristics of the third embodiment are illustrated in Fig.
7 in which £2, £3 and £31 depict the resonant frequencies of
the radiation electrodes 2, 3 and 31, respectively.

A description will now be given of a fourth embodiment
while referring to Fig. 8. A surface mounting antenna of this
embodiment generally indicated by 40 is different from the
antenna 20 shown in Fig. 4 in that a straight radiation
electrode 41 is used instead of the bent radiation electrode
3 so that the electrode length can be shortened, thereby
increasing the resonant frequency. In particular, in this
embodiment, the distance d between the radiation electrodes 21
and 41 is set equal to three times or larger than the electrode
width w of the radiation electrode 21 (41), thereby reducing
loss caused by reflected waves. The other constructions of
this embodiment are similar to those of the second embodiment
shown in Fig. 4, and an explanation thereof will thus be
omitted by indicating the same elements by like reference
numerals.

A fifth embodiment of the present invention will now be

described with reference to Fig. 9. A surface mounting antenna



6. The surface nmounting antenna of claim 3, wherein the radiation
el ectrodes have a di stance therebetween, the distance between said
.radiation el ectrodes being equal to at least three tines the mjgth¢ﬁé(ﬁ?id
radi ation el ectrodes. 7. The surface nounting antenna of claim N 7
the radi.ati on el ectrodes have a di stance therebetween, the distance between
sai d radi ation el ectrodes bei ng equal tg at least three tines the width of
said radi ation el ectrodes. 8. The surfaCe nounting antenna of claim 2,
wherein at | east.one, of, sai.d ragdiatd on, el ectrodes_has,a_ben hape. The
surface nBant Fﬁ%lgntdeensnlag%ﬁ’tec# alg?ﬁ Zd,oov\ﬁgfeian apc %ﬁg’t‘lﬁﬁe scl)#bsgcﬁ G ag?‘ation
el ectrodegsopmedacst hadgblebtpfcshaperidl, stehsakf aeeaDunbrngeanhenoa of
claim2, wherein the radiation el ectrodes each having a | ength
appr oxi maRePPIBRELGUERTESE Rdy e B3R 128 ST dt®r ni FRYPeE RfuchilRg. cbverssuy
2002 * Llghisadlie GRIdCCSABUEELEY 31! UM @ bEhE! Brape W /d1CEaG0RPLAAI N0 2
third radiation el ectrode disposed between the two radiation e?ectro es.
12. The seiléatrodeulBli rpdara esbvabfht| AV 2adikéienn dlles toapbei §hnekth

conpri se spective gaps t wee e feeding electrode_and the open _ends of
Che r adi aFFBRECPRYE, ABS P44 "SRR AN LA HatH b aeRRa R SRR BE11
wher ei n t PRet Hadila £ B6hh od 1 S0 Bed 5R0QANKESS B CalPd &fbrirbdtdl atedhagreberbsode

via a capacitance. 14. The surface nounting antenna of claim2, wherein the
surface nBRAEI M ant'ditha CRATeEPCPRALRG oh2ERBRACIBHTERFRS c &ifpr Asi gFewnd

resonant £igguenay audiesaning LAeeath Al qidAn &l eshiae1nl Fridhey

surface nmounting antenna of c erei nthe resonant frequerncies are
arranged dlispesed eanchhet hevesoet hatrfabe ofir theesubabntang &bt enna has a

wi der bandwi dth. _16. ., The surfac nt,i ng. ant enna, of claim4, wherein_the
opposi te directi 6§58°1REr © ﬁF§rP§ﬁr%i 18 Fqﬁ4;§§QQQFQRn&Riﬁ@eb%Pﬁﬁﬁﬂ t he

radi ati onegligCEhade%hd .53k  of NensUthacet IBHN L BE t2BlERBN & 20farfd &4y 1 pherein
the substrate is ceramc resin. 18. The surface nounting antenna of claim
2, wher ei gapheg@ulsnd g% ixespectively. This feeding electrode 54 is

guided to the reverse surface of the substrate 51 via one side
of the substrate 51 and its adjacent lateral surface, and is
electrically insulated from the ground electrode on the reverse
surface by virtue of the material of the substrate 51.

The resonant frequencies of the radiation electrodes 52
and 53 are determined by regulating the lengths and widths of
the electrodes 52 and 53, and the electrodes 52 and 53 can be
excited by the feeding electrode 54 through capacitances
generated in the gaps g2 and g3.

In this embodiment, the feeding electrode 54 and the open
ends 52a and 53a of the radiation electrodes 52 and 53 are
formed at the center of the substrate 51 so that opposite-
directional currents can flow in the radiation electrodes 52
and 53, thereby inhibiting electromagnetic coupling between the
electrodes 52 and 53.

An explanation will be further given of a communication
apparatus provided with one of the aforedescribed surface
mounting antennas 10 through 50 while referring to Fig. 10.

One of the surface mounting antennas 10 through 50 is mounted



"17 J Ul 2002 12 19. A conmuni cation apparatus having a surface nounting
antenna conprising: a substrate forned of at |east one of a dielectric
.material and a magnetic material; ' at |least two radiation el ect1rpgms¥mpr
produci ng different resonant frequencies disposed on a first main surface
of said substrate; a feeding electrode disposed on said first main surface
of said substrate; and a ground el ectroge di sposed on a second main surface
of said substrate; said radiation el ectfodes each being open at first ends

t hereof and hei ng connected at d_en to.sai d _around.electrode, . said
foedi ng oPBcit Sl T e e onPERER or “BEPa-RIAP. T SR e BE: RY

el ect r onagoadetdnyy thaupéeding «lsdt idee andhthd Wir S @ladtisde dF thee
conmmuni cati on apparatus of claim19, wherein the open ends_of said

radi at i on2BeERPodRs2aRirSaliE PRATY niP%| it itk baag P opfe§hgt aBRETBEYE of
said firsgqmain surface of said substrate so that a current is caused to
flowin each of said radiation electrodes in the sane direction. 21. The
comuni cati on agpamdtlls dfe clcienily wnderstedd ofeomentbeof fozmedoing

radi ati on el ectr Q:des anq:hsai d feeding,el ectrode ar? for rrgg sugs&imt ially at
the cent ePSEFTERE P r stPfai RTEFFPEce BV RALq s uBEEPEPe 588t n4PLlowing
opposi t e- dakaakiagaal. currents are caused to flow in said radiation

el ectrodes. ~ 7_JUL 2002 13 22. The communi cation apparatus of claim 19,
wherei n the raditat 16as¢l efWPod&adnafdon drdeshzederer BB¥ERGendifherapst ance

bet ween sai i.ati0 bei n t I t t €pi i t he
wdrn or - txbquRtldbsondl REldie W00 fikBLe BubbcrBlY, | My Pehh THR
clai m 20, melrtedgi oft hirsadiiatglen sitatiradtes haves gpdssilbbheetbhdémphenentn,

the dist b i d.radiatj lectrod i | .to.at |east
{ree &1 ns THEE S AOGP SR80 SATRA oRSEP BTy JHAER 2819932C SIANE ot on

appar at usp@hrahdicip 2ds WhiRidhdliled regh atieONthfshi 0668 e 2edbsirance
t her ebet ween, the distance between said radiation el ectrodes being equal to

at |east RReee ifnthelurakitwiofsfrequenriepoare heugitfeslos tpheach
communi cabigl apRatALYs Rhy nglg%::‘_%gt\garﬁéehgnagel ‘é%iét%ﬂ%t%‘é.sa' d radiation

el ectrodes "has "a bent Shape. ace nounting antenna of claim 19,
wherei n at | eaNbreneeaf, Sheddisthntée e Bhea e plianld tst & ghdihthen
shape. electrodes is set equal to three times oxr larger than the
electrode width. This can suppress electromagnetic coupling
occurring between the radiation electrodes, thereby reducing
loss. Further, opposite-directional currents are caused to
flow in the radiation electrodes, thereby inhibiting
electromagnetic coupling between the electrodes.
Additionally, a communication apparatus having the above
type of surface mounting antenna has advantages similar to
thoge achieved by the antenna. Hence, a wider-band, higher-
gain and downsized communication apparatus can be achieved.
Although preferred embodiments of the present invention
have been described above, it should be understood that the
present invention is not limited thereto and that other

" modifications will be apparent to those skilled in the art

without departing from the spirit of the invention.



27. The comuni cation apparatus of claim19, wherein the radiation
el ectrodes each have a | ength approxi mately one quarter wavel ength a
. predeterm ned frequency. 28. The communi cati on apparat us of clai?zéﬁa ?
further conprising a third radi ation el ectrode di sposed between \AW
radi ati on el ectrodes. '~ ~J~'t 2002 14 29. The communi cati on appar at us
of claim19, wherein the capacitances cgnprise respective gape between the
feeding el ectrode and the open ends of The radiation el ectrodes. 30. The

connunica&hg p of-oGl aim 28, wherein the third radiation el ectrode
is couple tg ?Ee%F%gg?Rg&grectrode via a capacitance. 31. The

communi cati on apparatus of claim19, wherein the . antenna has a radiation
characteristic_conpri si resonant frequency corresponding to each

ing a
radi ation el ectrode® §?F%?ﬁ€ BRI APEa ARG BAp SPEPEL8ERYE| ai m 31, wherein

the resonant fLequepstestar Etfe198¢ CAPSA dadteapheOtder 25048 BRECEREC
antenna has a w der bandw dth. 33. The conmuni cati on apparatus of claim 21,

wher ei n t meteppedi aaddiar weghetik gatesdsd ;i nhi bi t el ect romagnetic coupling

bet ween .t he radi,ation, el ectrodes..34. .The co i cation appar at of claim
e ohore s t nEokEaRyobES £ o TRN IR R b 8,800 1 8220t 2 T
of clai m t@sonhtrteiftrelilenstikst Hikpokedf ohr at EirsfGhAih. AubaldksofHsALAL?2
.AHs . Aus. An . A .Ah9. Ah'L

Ubd9n, j op8UPESFEtEV] ca] ca] cLa] ca] ca] caU] cal] ca] cal] ca] ca] ca] caU] cal] ca] ca] ¢
ay] cay] cal ca] galh-cahea\dicad: e ddlddf] G cadE68F main surface of

said substrate;
said radiation electrodes each being open at first ends
thereof and connected at second ends to said ground electrode;
a feeding electrode disposed on said substrate, said
feeding electrode and the open ends of said radiation
electrodes are electromagnetically coupled to each other

through capacitances.

2, A surface mounting antenna of claim 1, wherein said
feeding electrode is disposed on said first main surface of

said substrate.

3. The surface mounting antenna of claim 2, wherein the
open ends of said radiation electrodes and said feeding
electrode are formed at one edge of said first main surface of
said substrate so that a current is caused to flow in each said

radiation electrodes in the same direction.
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between said radiation electrodes being equal to at least three

times the width of said radiation electrodes.

7. The surface mounting antenna of claim 4, wherein the
radiation electrodes have a distance therebetween, the distance
between said radiation electrodes being equal to at least three

times the width of said radiation electrodes.

8. The surface mounting antenna of claim 2, wherein at

" least one of said radiation electrodes has a bent shape.

9. The surface mounting antenna of claim 2, wherein at
least one of said radiation electrodes has a straight line

shape.

10. The surface mounting antenna of claim 2, wherein the
radiation electrodes each having a length approximately one

quarter wavelength a predetermined frequency.
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The surface mounting antenna of claim 2, wherein the

capacitances comprise resgpective gaps between the feeding

electrode and the open ends of the radiation electrodes.

13. The surface mounting antenna of claim 11, wherein the

third radiation electrode is coupled to the feeding electrode

via a capacitance.

14, The surface mounting antenna of claim 2, wherein the

surface mounting antenna has a radiation characteristic

comprising a resonant frequency corresponding to each radiation

electrode.

15. The surface mounting antenna of claim 14, wherein the

resonant freguencies are arranged close to each other so that

the surface mounting antenna has a wider bandwidth.

16. The surface mounting antenna of claim 4, wherein the

opposite directional currents inhibit electromagnetic coupling

between the radiation electrodes.

17. The surface mounting antenna of claim2, wherein the

substrate is ceramic resin.

18. The surface mounting antenna of claim 2, wherein the

substrate is ferrite.
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antenna comprising:

a substrate formed of at least one of a dielectric
material and a magnetic material;

at least two radiation electrodes for producing different
resonant frequencies disposed on a first main surface of said
substrate;

a feeding electrode disposed on said first main surface
of said substrate; and

a ground electrode disposed on a second main surface of
said substrate;

said radiation electrodes each being open at first ends
thereof and being connected at second ends to said ground
electrode, said feeding electrode and the open ends of said
radiation electrodes being electromagnetically coupled to each

other through capacitances.

20. The communication apparatus of claim 19, wherein the
open ends of said radiation electrodes and said feeding
electrode are formed at one edge of said first main surface of
said substrate so that a current is caused to flow in each of

said radiation electrodes in the same direction.

21. The communication apparatus of claim 19, wherein the
open ends of said radiation electrodes and said feeding
electrode are formed substantially at the center of said first
main surface of said substrate so that opposite-directional

currents are caused to flow in said radiation electrodes.
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times the width of said radiation electrodes.

23. The communication apparatus of claim 20, wherein the
" radiation electrodes have a distance therebetween, the distance
between said radiation electrodes being equal to at least three

times the width of said radiation electrodes.

24. The communication apparatus of claim 21, wherein the
radiation electrodes have a distance therebetween, the distance
between said radiation electrodes being equal to at least three

time the width of said radiation electrodes.

25. The communication apparatus of claim 19, wherein at

least one of said radiation electrodes has a bent shape.

26, The surface mounting antenna of claim 19, wherein at
least one of said radiation electrodes has a straight line

shape.

27. The communication apparatus of claim 19, wherein the
radiation electrodes each have a length approximately one

quarter wavelength a predetermined frequency.

28. The communication apparatus of claim 19, further
comprising a third radiation electrode disposed between the two

radiation electrodes.
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electrode and the open ends of the radiation electrodes.

30. The communication apparatus of claim 28, wherein the
third radiation electrode is coupled to the feeding electrode

via a capacitance.

31. The communication apparatus of claim 19, wherein the
. antenna has a radiation characteristic comprising a resonant

frequency corresponding to each radiation electrode.

32. The communication apparatus of claim 31, wherein the
resonant frequencies are arranged close to each other so that

the antenna has a wider bandwidth.

33. The communication apparatus of claim 21, wherein the
opposite directional currents inhibit electromagnetic coupling

between the radiation electrodes.

34. The communication apparatus of claim 19, wherein the

substrate is ceramic resin.

35. The communication apparatus of claim 19, wherein the

substrate is ferrite.



