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MULTI - BAND ANTENNA SUl TABLE FOR USE

MOBI LE RADI O DEVI CE Background of the Invention: The
present invention relates to an antenna for use in a nobile radio devi

etc. ard,

transm ssion and

bands: .
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in particular, to a nulti-band antenna which can carry out
reception at a plurality of mutually different frequency

Recently, there have been those regions and countries

wherei # a plurality of portable tel ephone systens using different

frequency bands are avail abl e.
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For exanple, in Japan, the PDC system uses

800MHz and 1.5GHz bands, while the PHS;systemuses a 1.9GH band. On the

ot her hand,

800MHz and 1.9GHz bands are used in U S A, while 900VHz

and

1. 8GHz bands are used in Europe. Fol l owi ng the recent remarkabl e
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when a first frequency band allocated initially is cromded or in case
region where such a first frequency band is not available, transm ssi
and reception can be perfornmed using a second

n ion:

The present invention relates to an antenna for use
in a mobile radio device etc. and, in particular, to a
multi-band antenna which can carry out transmission and
reception at a plurality of mutually different frequency
bands.

Recently, there have been those regions and countries
wherein a plurality of portable telephone systems using
different frequency bands are available. ' For example, in
Japan, the PDC system uses 800MHz and 1.5GHz bands, while
the PHS system uses a 1.9GHz band. On the other hand,
BOOMHz and 1.9GHz bands are used in U.S.A., while 900MHz
and 1.8GHz bands are used in Europe.

Following the recent remarkable spread of portable
terminals, there has been caused congestion with respect to
a certain frequency band. In view of this, there have been
such requesté that each portable terminal can carry out
transmission and reception at a plurality of frequency
bands. According to the requests, when a first frequency
band allocated initially is crowded or in case of a region
where such a first frequency band is not available,

transmission and reception can be performed using a second
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For example, JP-A-5-121924 discloses a conventional

trap antenna. The disclosed trap antenna comprises a
linear antenna element and a trap circuit having a coil and
a capacitor.

However, there has been a problem that the number of
parts and the number of manufacturing processes required
for the conventional trap antenna are both large. Further,
when the conventional trap antenna is externally attached
to the radio device in an eiposed fashion, it is defective
in strength such that the coil and the capacitor tend to be
damaged when subjected to a shock etc. This raises a
serious problem with respect to a portable terminal which
is supposed to be carried. Further, since the conventional
trap antenna can not be drawn out to the exterior of the
radio device and has only a small gain, a problem may be
raised that, in particular,;transmission characteristics
can not be ensured upon transmission from the radio device.
Moreover, since a structure of the conventional trap
antenna is complicated, the size reduction thereof is

difficult to achieve. There have been further problems



3 that dispersion in resonance frequency of the conventional trap
antennas i s increased dependi ng on manufacturing processes, the

productivity thereof is lowand it is relatively heavy. Ther ef or e,
the conventional trap antenna can not be said to be suitable for use in a
portable termnal for the portable telephone system Summary of the
| nventi on: It is therefore an obj&ct of the present invention to

provide a nmulti-band antenna suitable for use in a portable termnal for a

portabl e tel enfbnéispéi€ion in resddande m&jgap\cgbbgcuef cbhteRt£sgal
I nvention to constitute a trap circuit which is reducible in nunber of

parts, easy tvaprumntemias cisncharasideds idependiagasnt manpfaetdeiagsnal | - si ze
mul ti-band antenna which is cheap but excellent in transm ssion

char act er i sStPEOC#RS, cthe ipadnatividy Alvereof dgalewt andshbcksetc. and

whi ch can carry out _transm ssion and reception at different frequency
bands. relgtively h®a%hot her object of the present invention to

rovide a tel escopi,c nulti-band ant enna.whi ch,can al s achi eve .an
gxcel lent multi- bg#*'berc {5t %%W@Ven%mna | £TRR %?géﬂﬁt f2P BAFR® of the
resent invepti A - Si.ze | £~ d ' e whi ch
o ooty cepidrs e MELAR S S deed i1 ookl AL AEL B0FCPRE I
It is furthepopblictd ©d1dgtordy &3fftlen NVention to provide a tel escopic whip

antenna whose dispersion’in resonance frequency is small, whose
productivity is hi v ion:

It is therefore an object of the present invention to
provide a multi-band antenna suitable for use in a portable
terminal for a portable telephone system.

It is another object of the present invention to
constitute a trap circuit which is reducible in'number of
parts, easy to manufacture and small-sized, so as to
provide a small-size multi-band antenna which is cheap but
excellent in transmission characteristic, which can improve
reliability against a shock etc. and which can carry out
transmission and reception at different frequency bands.

It is still another object of the present invention
to provide a telescopic multi-band antenna which can always
achieve an excellent multi-band characteristic.

It is yet another object of the present invention to
provide a small-size multi-band helical antenna which can
carry out transmission and reception at differéent frequency
bands.

It is further object of the present invention to
provide a telescopic whip antenna whose dispersion in

resonance frequency is small, whose productivity is high



4 and which is provided with a small-weight and snmall-size antenna.
According to an aspect of the present invention, there is provided a

mul ti-band antenna conprising an antenna el ement having an LC parall el
resonance circuit and a first and a second radiation el enment connected to
opposite ends of the LC parallel resonance circuit, wherein the LC
paral l el resonance circuit is constituted4by sel f- resonance of an

i nductor itself. According to another aspect of the present
invention, (e GhiThPHY pdedidelclesr OB &ml&éw_m i 12 Y e .
conprising a small-size antenna and a whi p antenna ich is recelvable in

a radi o devi eateamiang and expandabl e, wherein the snmall-size antenna is

| ocat ed outside the radi o device casing, the whip antenna being slidable
relative to the sascpPrding &ntannaspeckt ohHfthe st sirmerdriiosnnna and t he
whi p antenna both having nulti-band characteristics so that the nmulti-band
char act eri st it&@rgr dSopravidedpat mulpbnbandtantepnm tonprisbgm@an on of t he
whi p antenna.__,According t till another aspect of the present invention,
there is prodrd&dna ﬁgleg‘ﬁf‘gaﬁa"ﬁﬁgi 23| LG Rartal e RTaRfe: cinawid] ang of
helical coilg, e ne _hel i.cal ,guj de ound which the plurality of
heli cal coil s§ zfr§ gs\l%oéﬁg, g‘agacgl&dcﬁ?ﬁ%%h'% %%%%‘f h‘fﬁrﬁﬁﬁfﬁq‘u&c’at | east one

hel ical gul deppadli®ecbRaBOBE ths 16 GhLroM I ANMIRI 6 NOLAET JR2l o east

one of the plurality of helical coils so as to obtain a plurdlity o

resonance freheenCi parallel resonance circuit is constituted by self-
resonance of an inductor itself.

According to another aspect of the present invention,
there is provided a telescopic multi-band whip antenna
comprising a small-size antenna and a whip antenna which is
receivable in a radio device casing and expandable, wherein
the small-size antenna is located outside the radio device
casing, the whip antenna being slidable relative to the
small-size antenna, each of the small-size antenna and the
whip antenna both having multi-band characteristics so that
the multi-band characteristics are obtained both upon
putting back and expansion of the whip antenna.

According to still another aspect of the present invention,
there is provided a multi-band helical antenna comprising a
Plurality of helical coils, at least one helical guide
around which the pPlurality of helical coils are wound, and
a conductive holder holding the at least one helical guide,
wherein power is fed from the conductive holder to at least
one of the plurality of helical coils so as to obtain a

plurality of resonance frequencies.



5 According to yet another aspect of the present invention, there
Is provided a nmulti-band helical antenna conprising a plurality of helical
coils having the sane dianeter and the different nunbers of turns, a
helical] guide around which the plurality of helical coils are wound, an

i nsul ating portion being a dielectric an% provided on a surface of the
helical guide to separate the plurality 0f helical coils fromeach ot her
and a c¢onductive holder holding the helical guide, power being fed from

the holder to oneaddoidithe|ts ddtl WnoithBel hepbctobEsthadpteséner fed to
the other helical coil through capacitive coupling so as to obtain a

plurality ofimesmbtbome therpcdxippovided a Anddidbagdt belicaheanbepest of

the present invention, there is provided a tel escopic whip antenna

conpri si ng acomprigingPlunality ofebeligelecodls baving the sapandabl e,

and a small-sjze antenna‘ﬁéngded at an upper portion of the rod antenna,
t

wher ei n powefifmetey and [Hf Larentn e §# 8fpiHERsm &nBeticehe

Il - si t tii back, th - i, t b
SUbstant | ol [GEE  HEDSRE AN Ehe) BhmatdEys PEa helEaTarPhL® HaF B P g
f d th .\ | . f
based on a o BiSTaehd SEUE TS el ite] 2 A BR8N fag bELINCY
Brief Descriphifiedfof hehd ¥i%1 guide o erarh%eatﬁbagmﬂaﬁgyaﬁ a

schematic structure of a multi-band antenna according to a fir preferred
enbodi nent Oheli€aPr&sEId frvte¥dciother, and a conductive holder

holding the helical guide, power being fed from the holder
to one of the plurality of helical coils and further fed to
the other helical coil through capacitive coupling so as to
obtain a plurality of resonance frequencies.

According to further aspect of the present invention,
there is provided a telescopic whip antenna comprising a
rod antenna which is receivable in a casing and expandable,
and a small-size antenna provided at an upper portion of
the rod antenna, wherein poﬁer is fed to the rod antenna
upon expansion and to the small-size antenna upon putting
back, the small-size antenna being substantially in the
form of a board made of an insulating material and formed
thereon with an electrode pattern and uses a resonance
frequency based on a dielectric constant of the board and
the electrode pattern.

Brief Desgcription of the Drawing:

Fig. 1 is a diagram showing a schematic structure of
a multi-band antenna according to a first preferred

embodiment of the present invention;



6 Fig. 2is a berspective vi ew showi ng an exanple of a chip

I nductor used in the nulti-band gntenna shown in Fig. 1, Fig. 31is
a diagram showi ng a characteristic exanple of the nulti-band antenna shown
in Fig. 1; Fig. 4 is a sectional view showing a nulti-band - antenna

according to a second preferred enbodine%g of the present invention
Fig. 51is a sectional view showing a multi-band antenna according to a

third preferred enbodi mrent of the present invention; Fig. 6 is a
di agram showi ng a sy j @lisleputispabtile viukt bhbﬁﬂﬂgaﬂixeéﬂﬂmﬁi?@wlél Fig.
5; Fig. 7 is a sectional view showng a nulti-band antenna

accordi ng t oclsip cindic e fusad dre thed md gt -bantihantpnaaesahownvint i on;
Fig. 8is a arthé cut out di agram showi ng a neander pattern el enent of the
mul ti-band sshown in Fig. 7; Fig. 9A is a diagramshow ng a

mul ti-band antenna_, upon expansi on according to a fifth preferred
enbodi nent of t h&iF esert® ihPdRGrar showing pj ghagacterashieera¥rwi ng

t he nultl-ba nt en put.t back according.to the fifth preferred
enbodi ment o? ‘Q@Eh%P qﬁﬁﬁg shown By % 190Alis a dlagran1shomnng a

mul ti -band ant enngg; 4Ipon 1@‘%5‘%%%'10%33%%&93{;8&‘:13' At Quf{: ﬁéﬂgd

enbodi nent of the esent i nventl
antenna according to a second preferred embodiment of the

present invention;

Fig. 5 is a sectional view showing a multi-band
antenna according to a third preferred embodiment of the
present invention;

Fig. 6 is a diagram showing a helical element of the
multi-band antenna shown in Fig. 5;

Fig. 7 is a sectional view showing a multi-band
antenna according to a fourth preferred embodiment of the
present invention;

Fig. 8 is a partly cutout diagram showing a meander
‘pattern element of the multi-band antenna shown in Fig. 7;

Fig. 9A is a diagram showing a multi-band antenna
upon expansion according to a fifth preferred embodiment of
the present invention;

Fig. 9B is a diagram showing the multi-band antenna
upon putting.back according to the fifth preferred
embodiment of the present invention;

Fig. 10A is a diagram showing a multi-band antenna
upon expansion according to a sixth preferred embodiment of

the present invention;



7 Fig. 10B is a diagram showi ng the nulti-band antenna upon putting
back according to the sixth preferred enbodinent of the present invention;
Fig. 11A is a diagramshowing a multi-band antenna upon expansi on
according to a seventh preferred enbodi nrent of the present invention;

Fig. 11B is a di agram show ng the nulti-gand antenna upon putting back
according to the seventh preferred enbodinent of the present invention;
Fig. 12 is a perspective view showing a nulti-band antenna according to an
eighth preferred emhipdirgEtisofa idiagrahcsn8ivingventi RAlti-band d&h€ends iS a
perspective view show ng a nulti-band antenna according to a ninth
preferred emgpeh npuittioig theck mrascaddingntenthensixth prefFegred4 is a
perspective view showing a nulti-band antenna according to a tenth

preferred enffepdimaniyfof Hhe mresent imventiion:; Fig. 15is a
perspective view showi ng a .nmulti-band aptenna according to an el eventh
preferred embodi mémg of11A §€ Fr Sd@qram, sBRYARE; @ multi-Pand antenny

per Specti Ve MASH SO B AR ool 5 3l DR SLST ORS00 1 10
oo U P s e, o porat 0 11, e nul - bend
smal | -size ant enngrid NG AL Qi ran"ehblviRgNEhahE1E2-BLSE T Sh fkhdL 2
upon putting back according to the seventh preferred
embodiment of the present invention;

Fig. 12 is a perspective view showing a multi-band
antenna according to an eighth preferred embodiment of the
present invention;

Fig. 13 is a perspective view showing a multi-band
antenna according to a ninth preferred embodiment of the
present invention;

Fig. 14 is a perspective view showing a multi-band
antenna according to a tenth preferred embodiment of the
present invention;

Fig. 15 is a perspective view showing a multi-band
antenna according to an eleventh preferred embodiment of
the present invention;

Fig. 16 is a perspective view showing a main part of
a multi-band antenna accoxrding to a twelfth preferred
embodiment of the present invention;

Fig. 17 is a front view showing a small-size antenna
incorporated in the multi-band antenna shown in Fig. 16;

Fig. 18 is a front view showing a small-size antenna

incorporated in a multi-band antenna according to a



8 thirteenth preferred embodi ment of the present invention; Fig. 19
iIs a front view showing a snall-size antenna incorporated in a nmulti-band
antenna according to a fourteenth preferred enbodi nent of the present

i nventj on; Fig. 20 is a perspective view showng a main part of a
mul ti-band antenna according to a fifteenth preferred enbodi nent of the
present invention; Fig. 21 is a pléﬁ view showing a small -size

antenna incorporated in the nulti-band antenna shown in Fig. 20;

Fig. 22 is atpiaRe¥h€l SPEPERLe@ SIBUAImdAE ISR PrdsBn?! RRvahedoh 2
mul ti-band antenna according to a sixteenth preferred enbodi nent of the

present invention,Fig. 19F §.a 28rdrft aridwiBhowirgs BOWmAg1lassR8l anteifa
antenna incorporated in a nulti-band antenna according to a seventeenth
preferred entboderparabédt i preskii-bhandrntenma accordigg 24 as a
perspective view showng a main part of a multi-band antenna according to
an ei ght eent fopréeenthdrrefeovmedeenbadimant nfe dhet presenti dnvention;Fjg. 25
is a devel oped view for_explaining a main fabricating process of a
smal | - si ze ant enna¥i¥cof Yot a2 PEFPIGH ViRl VEiSM RPVARTe AnRRROBRRTF noEi g.
24; and Fig,. IS a perspective,view for explaining_a.main
fabricating Br882§§2§Pn§h%n§ﬁ%$ AGRFLRSE éiﬁlﬁgﬁﬁﬁﬁn egrefﬁrfﬁg
mul ti - band ag&ggagm%ggmgfiﬁ?gﬁéke%% & inveng}§ﬂ;ription of the Preferred

w, nultr-ban

Enbodi ment s: _ ant’ennas acdording to first to
ei ghteent h preferrpdyenppd] yente B ik, REHREHy ANsRRL10Biz¥ Lht8fna

described with referénce to the acconpanyi ng
incorporated in the multi-band antenna shown in Fig. 20;

Fig. 22 is a plan view showing a small-size antenna
incorporated in a multi-band antenna according to a
sixteenth preferred embodiment of the present invention;

Fig. 23 is a plan view showing a small-size antenna
incorporated in a multi-band antenna according to a
seventeenth preferred embodiment of the present invention;

Fig. 24 is a perspective view showing a main part of
a multi-band antenna according to an eighteenth preferrad
embodiment of the present invention;

Fig. 25 is a developed view for explaining a main
fabricating process of a small-size antenna incorporated in
the multi-band antenna shown in Fig. 24; and

Fig. 26 is a perspective view for explaining a main
fabricating ﬁrocess of the small-size antenna incorporated
in the multi-band antenna shown in Fig. 24.

D ipti f the Preferred Embodi ts:

Now, multi-band antennas according to first to
eighteenth preferred embodiments of the present invention

will be described with reference to the accompanying



9 draw ngs.
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Referring first to Fig. 1, a multi-band antenna 10

the first preferred enbodi nent of the present invention wll

, Wherein the multi-band antenna 10 corresponds to two

equency bands, that is, 800MHz and 1.9GH bands. The
ntenna 10 conprises a linear elenent 1 on an open end side as
ation element, a linear elennt 2 on a t el ephone side as a
secondsradiation elenent, and a trap circuit connected therebetween. Each
of the linearehamegats 1 and 2 is nade of a superelastic alloy in the
of a Ti-N alloy. In the nmulti-band antenna 10, the trap circuit is

sel f - r paflappangoFiasti B6lUBL®! .1 W4 haiB8iPaGnd @ntldh@a 10
ce of the inductor, a chip am nated inductance el enent

acgogding to &be"Ehipt prefietved )embodimeatl oIS thes praent

form

mounting (SMD) type self- resonance inductor in Fig. 1. The chip inductor
3 is of a 1600ye§tien viddnbe desemjbed, whereyn sttmvmmiltiFband? antteantr ap

circuit is c
substrate.

require a ca
of

i n nunber

stituted hy nmounting only the chip inductor 3 on a
%@c GPIrREPENABhECt FUp 21techted Jfremuensy handsyhitbiatddes

not

|t.ance .elegrpt and.is small in size, low in price and snal
ngggﬁbFPﬁgasgggﬁ.gands' In the nulti-band antenna 10, a

I h of h of ' d b . /2, /4
ength o \iﬁicl eoi t&’ﬂlgst[\ié?:?Tal}i&# eﬁ?{grﬁlg :Ladﬂ'n aciolzng%a:.ée\?gﬁ[ ‘é.ré.lq'%ﬁt elL:%.rexrxL or

3[err]/8,
10

nan expla
1 on an open end side as a first radiation element, a

linear element 2 on a telephone side as a second radiation
element, and a trap circuit connected therebetween. Each
of the linear elements 1 and 2 is made of a superelastic
alloy in the form of a Ti-Ni alloy.

In the multi-band antenna 10, the trap circuit is
achieved by self-resonance of an inductor. With respect to
the self-resonance of the inductor, a chip laminated
inductance element (hereinafter referred to as "chip
inductor"”) 3 is used as a sﬁrface mounting (SMD) type self-
resonance inductor in Fig. 1. The chip inductor 3 is of a
1005 size (1.0mm x O.5mm) .

As shown in Fig. 2, the trap circuit is constituted
by mounting only the chip inductor 3 on a substrate.
Accordingly, the trap circuit can be obtained which does
not require a capacitance element and is small in size, low
in price and small in number of assembling steps.

In the multi-band antenna 10, a length of each of the
linear elements 1 and 2 may be 1/2, 2/4 or 31/8, while it

is A/4 in an explanation given below.



In Fig. 1, a length of the linear elenment 1 on the open end side was set
to 3.9cm a length of the linear elenent 2 on the tel ephone side was set
to 2.9cm each of the linear elenents 1 and 2 had a di aneter of 0.8mm and
was npde of the Ni-Ti alloy, a value of the chip inductor 3 was set to
39nH, and a stray capacitance of the inductor was 0.18pF. As a result, a
mul ti -band characteristic as shown in FY. 3 was obtai ned, wherein the
characteristic was shown in terns of a return | oss characteristic observed

by a 50[err] netwe kefpaly76{ 1ength ofFehel 11AEaBOWIEReALIl 4n €he
mul ti-band antenna 20 "‘according to the second preferred enbodi nent of the

present i nvepén odndV siddewdlessdt Rrd.3 loenf;i & 1éngttheoki BRar1eheéaent 1 on
t he open end side, being the first radiation elenent, in the multi-band
antenna 10 sabement Fign the stelgptared sidet waa belti tal 2ePempneadhi.of n t he
mul ti-band antenna 20, the linear element 2 on the tel ephone side, being
the second Fhei hinear ceélements I andk 2nhad apdiametesnef 908w andevwass it
is, and a chip_inductor 3 having the same value _as that in the nulti-band

ant enna 10 | BagReof e Nithb akiqpuia value of thecchibafpgucthe PevVagal
the el i cal 5281 1S 13008 \RAGE SR ABATIaces: °F toor SoaRetas TPt
ek, SO QP AL it ot ROTNERAha PR OO, S ol il o
gpe; inear eigMeig. 3 wes 'ChidhifC UHLIAY FhieOBnakarRBLisfis! fgye 6 made
shown in terms of a return loss characteristic observed by
a 50() network analyzer.

Referring now to Fig. 4, a multi-band antenna 20
according to the second preferred embodiment of the present
invention will be described. In Fig. 4, the linear element
1 on the open end side, being the first radiation element,
in the multi-band antenna 10 shown in Fig. 1 is replaced
with a helical element 11. In the multi-band antenna 20,
the linear element 2 on the'telephone side, being the
second radiation element, in the multi-band antenna 10 is
used as it is, and a chip inductor 3 having the same value
as that in the multi-band antenna 10 is used for a trap
circuit.

Specifically, the helical element 11 comprises a
helical coil 16 and a helical guide 17 around which the
helical coil 16 is wound. The chip inductor 3 is received
in the helical coil guide 17 and has one end connected to
one end of the helical coil 16. To the other end of the
chip inductor 3 is connected one end of the linear element

2 being the second radiation element. A sleeve 6 made of a



conductive material is provided around the linear element 2 at the
foregoing one end thereof so as to reach the helical guide 17. The heli cal
el enent 11 and one end of the sleeve 6 are covered through nolding with
flexible insulating resin such as polyner or elastoner so as to forma
nmold portion 8 A tube 4 nade of a fleﬁtple insulating material such as
pol ymer or elastoner is provided throug nol ding to cover the |inear
element 2 fromthe other end of the sleeve 6 to the other end of the

linear el emedénductivddlairiall As srbache@NErbGnd £Ré t Bhh&ast G RAkERE A not
shown) is nounted on the tube 4 so as to be slidable along an axis of the

| i near el eneatt the Huxrduydidey dne engdr ahededfnear ashto oédet sl laflide
l i near elenent 2, and the other end of the Ilinear elenent 2 is term nated
by a stoppergWddgHe! hefheahelifakealenenhabl aandgne edichodt dheosl2e®em and
a length of 18mm and the helical coil 16 is made of a wire having a

di aneter of ®.2ffnSAEIRs thenugh meddinghwikh flexible imselain® in this

enbodi nent achi eves ti --band characteristic sin%la to that. of the
r

|
mul ti-band anterthd %MW‘FP@G astomer gRi a7 FAL NI PBY. 5, a

mul ti - band :?ﬁﬂ% c [ t hi fer I ment of the
present invention 3f||§b§8%gs§??%§ .gfn%FFggxg,i?hékﬁgﬁgg?ggnd ant enna 30
has, at a p ' f | 3 ' fJ ; | 431 | enent
an i nductor %%t%ét}{lér?' ZS%IC?ﬁ a{sﬁgol or %g]?; %%ag??gggrgsc%%%%%%n%ﬂ%ﬁ

sel f-r esonar}fﬂdﬁ%} o lovdrotieal iheapababheht! 2 aPrém i toter hd of

sel f-resonance. e other structures are the sane as those of the nulti-
the sleeve 6 to the other end of the linear element 2. A
holder 5 for attachment to a portable telephone (not shown)
is mounted on the tube 4 s0 as to be slidable along an axis
of the linear element 2. The holder 5 is provided near the
other end of the linear element 2, and the other end of the
linear element 2 is terminated by a stopper 7. The helical
element 11 has an outer diameter of 2.8mm and a length of
18mm, and the helical coil 16 is made of a wire having a
diameter of 0.4mm and has four turns. The multi-band
antenna 20 in this embodiment achieves a multi-band
characteristic similar to that of the multi-band antenna 10
shown in Fig. 1.

Referring now to Fig. 5, a multi-band antenna 30
according to the third preferred embodiment of the present
invention will be described. In Fig. 5, the multi-band
antenna 30 has, at a portion of a helical eleméent 11 being
a first radiation element, an inductor portion 23 in the
form of an air-core coil having self-resonance, so as to
form an LC parallel trap circuit by the self-resonance.

The other structures are the same as those of the multi-



12 band antenna 20 shown in Fig. 4. A linear elenent 2 on the _

t el ephone side has the same shape as that of the linear elenent 2 shown in
Fig. 1. Further, as shown in Fig. 6, the helical element 11 conprises an
integral coil having the inductor portion 23 of the trap circuit and a
helical coil 16. Wth this arrangenent, .a nmulti-band characteristic
simlar to that of the multi-band antend# 10 shown in Fig. 1 was obtained.
Referri-ng further to Fig. 6, the conposite coil having the inductor

portion 23 am@ndhankehh&aboCehbwdbiMikig. bg expl ained. The inductor portion
23 is in the formof a coil having a Iength of 5nm which is obtained by

winding a wre haki hineadi elehernt 0 &h 45HEN ) phdre AR HAs MRS same
di aneter of 2mm and six turns. On the other hand, the helical coil 16 is

in the form ehapecds| thati nf theehipdnnieldiamy Whitoiwn Sroliigj.nad by
winding a wre having a dianmeter of 0.45mm so as to have an inner dianeter
of 2mm and t EHTthEFnsasvEhAWRLiR Biganferthe halicaiylelionsatd 11 o
characteristic simlar to,that of the nulti-band antenna 10 shown in Fig.

1 was obt ai n88F‘P§“ises AR FBFRIRRL et 3iRg £hey indugtaraperidoandd 40 o
di t h f ed enbqdinent. of the present invention w
be. descr | bed Fl Snp; §E8 BHEGEHE nd i e TR, ot g < FEBh: Bobewi th a

meander pattgrRaRLEREAL, 24 m@fﬂ%éﬁhgéfﬁékﬁﬁgééé¥%éﬂé %&%&é@%ﬁ&PE%gég|$§

formed with a neander pattern or “por

resonance, SehasmiDtiobahdNahtemd 3d Lndd rPiFri%u.i Y _b%st BBtained.
sel f-resonance. A linear elenent 2 on the tel ephdne side

Referring further to Fig. 6, the composite coil
having the inductor portion 23 and the helical coil 16 will
be explained. The inductor portion 23 is in the form of a
coil having a length of 5mm, which is obtained by winding a
wire having a diameter of 0.45mm so as to have an inner
diameter of 2mm and six turns. On the other hand, the
helical coil 16 is in the form of a coil having a length of
13mm, which is obtained by winding a wire having a diameter
of 0.45mm so as to have an inner diameter of 2mm and ten
turns. With this arrangement, the multi-band
characteristic similar to that of the multi-band antenna 10
shown in Fig. 1 was obtained.

Referring now to Fig. 7, a multi-band antenna 40
according to the fourfh preferred embodiment of the present
invention will be described. In Fig. 7, the multi-band
antenna 40 is provided with a meander pattern element 21
having, at a portion of a printed board 24 formed with a
meander pattern 22, an inductor portion 33 having self-
resonance, so as to form an LC parallel trap circuit by the

self-resonance. A linear element 2 on the telephone side



13 is in the formof a Ti-Ni superel astic wire having a dianeter of 0.8mm
and a length of 31mm By using the nmeander pattern elenment 21 including
the trap circuit, a nulti-band characteristic simlar to that of the

multi-band antenna 10 shown in Fig. 1 can be obtained. Referring to
Fig. 8, the neander pattern el ement 21 i) | be explained in further
detail. The neander pattern elenent 21 i's formed by using a helica

el enent- having a pattern width of 0.5mm 24 turns, a coil width of 4nm and

a whol e coilid dngitheofo2BE W th-NHi SupéfSTHSEESN twidd havilg i Pand
antenna 40 shown in Fig. 7 achieved a nulti-band characteristic simlar to
t hat of the rliametexndfaltémmaahl asbemtithnofi mm. By usingntkRach of the
mul ti-band antennas according to the first to fourth preferred

enbodi nent s, megadec patiersl elemenhadteincleding i thd dmapd diyculie, a

sel f-resonance of the inductor itself. In general, when using an LC
paral | el resdWdtdePagd; chararkerhstioraimilar chaidhnt iofh the multidbendnce

el ement and a_gapaci tance el epent, noi |ess than two _components such as a
capaci t or an&m%E@BFI&§r8g888e§§aF§9’ CHRPDIRY2INGY, a resonance circuit

usi ng self-resonanﬁgfe?%ig dL§3E£§9r8h?@§§$§%ﬁg uy %3§ﬁ%§q§ gggggoﬁhenent,

and a capacitance IS r a®di st a . Thus,

the number Okil0TBANGREIasASd En BUELROR! dotaft! ! b nSLAGE: | BELEpACT Lance

formed by the distributed capacitance i1s small as a constant™so that the

resonance Cielesiehti 21C28SEbiléQdoPYus iy Cd HEPdLOUIRE HATIRGNGE
pattern width of 0.5mm, 24 turns, a coil width of 4mm and a
whole coil length of 24mm. With this arrangement, the
multi-band antenna 40 shown in Fig. 7 achieved a multi-band
characteristic similar to that of the multi-band antenna 10
shown in Fig. 1.

In each of the multi-band antennas according to the
first to fourth preferred embodiments, the LC parallel
resonance circuit is formed by the self-resonance of the
inductor itself.

In general, when using an LC parallel resonance
circuit in the form of a combination of an inductance
element and a capacitance element, not less than two
components such as a capacitor and a coil are necessary.

On the other hand, a resonance circuit using self-resonance
of an inductor has basically one inductance element, and a
capacitance is formed by a distributed capacitance of a
coil. Thus, the number of components can be made small.
Further, since the capacitance formed by the distributed
capacitance is small as a constant so that the resonance

circuit is constituted by inductance-leading LC resonance



14 (for exanple, not less than 7nH and not greater than 1pF at 1.9GH,
not |ess than 8nH and not greater than 1pF at 1.8CGHz), a band wdth at
each frequency can be set large (for exanple, not greater than VSWR2. 2).
Therefore, the multi-band antenna with | ess nunber of conponents, wth

| ess nunber of manufacturing processes/sigps and with excellent
productivity can be provided at a | ow prttTe. Furt her, when the
foregoing nulti-band antenna is used as an antenna for carrying out

transni ssi on(gdkl oxBKEIY | AbtAl1cdsPlthadl Y ahdTHbuahbyadbtf RNt 158 egriency
bands, such as 800MHz and 1.9GHz, it can largely contribute to reduction
in size of alegHzZ; hreowl Jexd dthian Batl andevotegrehter than 1p®f#£Eri ng now to
Figs. 9A and 9B, a telescopic multi- band whip antenna as a multi-band
ant enna accok BGHEX o a hand iwidthpedf eachd forquensyncanfbe heebrbaxge
invention will be described. The telescopic nulti-band whi p antenna
conprises a (D WFARRNRY Lotasrertersthay YSWRA: dhna Terefpre withe ant enna
41 is in the forn1of‘$ conmbi nati.on of an i sulating Bortion 45 and an LC
“&mg ©

paral |l el resBHEEPIAT ARSI WY dEefg REpOFnEEBPBRSRRS, ¥R p
whi ch const i TaRe B ARy TR St eng, PRSTRoanpLRReR P00 Be on & casi ng
o i o SR d e bESORAREERE A0 SRiagd (ULl
size antenna 42. purther, when the foregoing multi-band antenna is

used as an antenna for carrying out transmission and

reception at a plurality of mutually different frequency

bands, such as 800MHz and 1.9GHz, it can largely contribute

to reduction in size of a multi-band portable radio device

etc.

Referring now to Figs. 9A and 9B, a telescopic multi-
band whip antenna as a multi-band antenna according to the
fifth preferred embodiment of the present invention will be
described. The telescopic multi-band whip antenna
comprises a whip antenna 41 and a small-size antenna 42.
The whip antenna 41 is in the form of a combination of an
insulating portion 45 and an LC parallel resonance circuit
43 including a chip inductor and a chip capacitor. The
small-size antenna 42 is a small-size multi-band antenna
which constituted by combining a helical coil antenna
provided on a casing of the radio device and the LC
parallel resonance circuit 43 and further by putting a cap

44 thereon. The whip antenna 41 is slidable in the small-

size antenna 42,



Fig. 9A is a diagramshowi ng the nulti-band antenna upon expansion
thereof, wherein a stopper 46 is coupled to a holder 49 for retaining it.
The hol der 49 is used for fixing the snall-size antenna 42 to the casing
of the.radio device. The stopper 46 is forned at its tip portion with a
conductive portion 48 and an insul ating P rtion 47. The insulating portion
47 is nmechanically retained by the holder 49 upon expansion of the

mul ti-band antenna so that the whip antenna 41 and the snall-size antenna
42 are electricalkygsepmris edl. didydaal Shwdhly thaemadgivbahdeanpanhaon 48
I's connected to a circuit within the casing of the radio device via a

mat chi ng ci r opeh. expansiéngthé&Broes, avlirmajmara Stoppey #ibe isukcbupbaddtant enna
upon putting back the multi-band antenna, wherein the holder 49 for fixing
t he smal | - si 8chahdennd? 48ox cretrining ity ofhenbkolder o4eis cesed fefipl ed to
the insulating _portion 45 of the whip antenna 41. In this event, the

hol der 49 isfishRgctRe #Ballesize Antenna 14, tondheaspgdngr oft kee radye

devi ce via the patchi circuit. 9B,, the LG parallel

resonance ci PEUFES-4 r?p‘i?é’é’(?rof“_t & gﬁ:rg‘eflzilnggcf‘g? gﬂg PoREIIR preEpaitor
Is used. mc&ﬁﬁug{:g@% yﬁ'@f‘gior? 4'5% U flad %!n%ﬁ%i%g"@%}:‘&igﬂ”% WDy ag;enna

can al so be realrze using sel f-resonance I nductf or”or

air-core coi { 2R | ' ' f 2mm to 3mm
S and mde T R R o T inate ST N Eag A 0 eP et P, constan

not |ess thano28erFugtiesn éxFan8icH JRlltHe hndiwihapd antenAna santBhso be
realized by using a circuit connected
the whip antenna 41 and the small-size antenna 42 are
electrically separated. In this event, the conductive
portion 48 is connected to a circuit within the casing of
the radio device via a matching circuit.

Fig. 9B is a diagram showing the multi-band antenna
upon putting back the multi-band antenna, wherein the
holder 49 for fixing the small-size antenna 42 to the
casing of the radio device is coupled to the insulating
portion 45 of the whip antenna 41. In this event, the
holder 49 is connected to the circuit within the casing of
the radio device via the matching circuit.

In Figs. 9A and 9B, the LC parallel resonance circuit
43 composed of the chip inductor and the chip capacitor is
used. On the other hand, a similar telescopic multi-band
whip antenna can also be realized by using self-resonance
of a chip inductor or an air-core coil, or a dielectric
resonator having a size of 2mm x 2mm to 3mm x 3mm and made
of a barium titanate material having a dielectric constant
not less than 20. Further, a similar multi-band whip

antenna can also be realized by using a circuit connected



16 by using self-resonance of a chip inductor or an air-core coil.
Referring now to Figs. 10A and 10B, a telescopic multi-band whip antenna
as a nmulti-band antenna according to the sixth preferred enbodi ment of the
present- invention wll be described. Figs. 10A and 10B are di agrans
showing the telescopic multi-band whip ggtenna upon expansion and upon
putting back, respectively. The sane or l[ike elenments are represented by
the same reference signs so as to omt explanation thereof. In the
t el escopi ¢ NPt usbagd seRfprasvsancei of tdai chiprodlicy om an@ilr-%oze
antenna 52 has a flexible board forned thereon with a nmeander |ine pattern
59, and furtﬁ@ﬁl'provided thereon with an LC parallel resonance circuit 53
conprising a chip égguctor and a chip capacitor, so as to_ acconplish a

mul ti - band char act BRFSFFERI QY nt9 F19% ol A AR 18Rt A Fed@sERPACant enna
can al so be l.Z usin elf-resonance of. @ chjp i.nductor or an
air-core coi Plsilt&-ggndRz'*%grgﬁge%ﬁv Nao) ?iﬂéftﬁ'%frﬁ*]c%nitf&naaafzgpégéﬁﬁi c

mul ti - band ' t ek '-Qﬁgg, cordi to_the,seventh
preferred ewn%ggfﬁ&%ntggg?h?ﬁgég%%ée%t | nv%%ﬁ%lon%afvm qﬁe é:eg%?é:r BYEOYEREs. 11A

d 11B ' Haq . t I ' t bz | on
an are wdilaghandeshevbad. t e ds q%fgoah;a Tkt hrBagdayh Tzfﬁ%%“p

expansi on and upon putting back, respectively. The sane” or nts
are representbd bplébeophoemiBt IR Wi ntehndS WpdnO BixpafsRbanahion

t her eof . In the telescopic nmulti-band whip antenna in this

enbodi nent , Hpgnaputsizg backnneesifectsi velly pr Thedsdmai 6h like elements
are represented by the same reference signs so as to omit
explanation thereof.

In the telescopic multi-band whip antenna in fhis
embodiment, a small-size antenna 52 has a flexible board
formed thereon with a meander line pattern 59, and further
provided thereon with an LC parallel resonance circuit 53
comprising a chip inductor and a chip capacitor, so as to
accomplish.a multi-band characteristic. A similar
telescopic multi-band whip antenna can also be realized:
using self-resonance of a chip inductor or an air-core coil.

Referring now to Figs. 11A and 11B, a telescopic
multi-band whip antenna as a multi-band antenna according
to the seventh preferred embodiment of the present
invention will be described. Figs. 11A and 11B are
diagrams showing the telescopic multi-band whip antenna
upon expansion and upon putting back, respectively. The
same or like elements are represented by the same reference
signs so as to omit explanation thereof.

In the telescopic multi-band whip antenna in this

embodiment, a small-size antenna 62 is not provided with



17 the LC parallel resonance circuit, and thus realizes a nmulti-band
characteristic only by a neander pattern 69 fornmed on a flexible board.
In each of the nulti-band antennas according to the fifth to seventh
preferred enbodi nents, the electric characteristics of the small-size
antenna and the whip antenna are both set  to be the multi-band
characteristics so that the multi-band dffaracteristics can be obtained
both upon expansion and putting back. Specifically, when the foregoing

mul ti-band anhenne pard3ed1asedbnant&NBA-&Qit, CAHd Wi 3 H%LS@ ssion and
reception at a plurality of nutually different frequencyi%an S, such as

800MHz and Mud@Hrpbantl charhatgeiytiondbhiPbe 4 GndfMient igdttdtmsiete of a
mul ti-band portabl e radi o device etc. Referring nowto Fig. 12, a
mul ti - band hé&erggd omanacfhexible hoatd: band antenna according to the eighth

preferred enbodi ment of the present_invention will be described. A
heli cal antenna 72IPseR6Rnef Bhe wwhtinpand antesnas: gidcozdiagodad thehel i cal

gutdo W 1 RehUIS e VOALE, BroBe ofloA0LER, 1 15 L ored by i nding 2
Leshecti v nEPRERLRSLRLE o oA s £LA0E QLR Ml ) wipler e 1 °
parll el eshihogteTfobe! i OB UM S0P LBERILINL A
bonding it tberehat eh&lhbithabshdednLedctdii&Vids’ banS be obtained both
upon expansion and putting back. Specifically, when the
foregoing multi-band antenna is used as an antenna for
carrying out transmission and reception at a plurality of
mutually different frequency bands, such as 800MHz and
1.9GHz, it can largely contribute to reduction in sgize of a
multi~band portable radio device etc.
Referring now to Fig. 12, a multi-band helical
antenna as a multi-band antenna according to the eighth
preferred embodiment of the'présent invention will be
described.
A helical antenna 72 is formed by winding a helical
coil 74 around a helical guide with five turns, while a
helical antenna 73 is formed by winding a helical coil 74
around the helical guide 75 with three turns. The
respective hélical coils 74, 74 are in close contact with
or soldered to a conductive holder 76 at their first turns
so as to be fed with power parallelly. The holder 76 holds
the helical guide 75. By putting a cap (not shown) on the
helical guide 75 and the helical gntennas 72 and 73 and

bonding it thereto, a multi-band helical antenna 71 is



consti tuted. Since lengths of the helical antennas 72 and 73 differ
fromeach ot her, resonance frequencies thereof also differ fromeach
other. Thus, the multi-band helical antenna 71 having two resonance
frequenci es can be reali zed. Referring nowto Fig. 13, a multi-band
helical antenna as a nulti-band antennalgfcording to the ninth preferred
enbodi nent of the present invention will te described. Fig. 13 shows the
state wherein a right-side half of a helical antenna 73 is renoved. -

A helical antcomsifited.fornmed by winding a helical coil 74 around a
smal | -di ameter helical guide 75A wth five turns. The helical antenna 73
is formed by wi ndi S§nze Dehigthk ofi thdhel el snerirgns dioareierz3nol | ow
helical guide 75B with three turns. The helical guides 75A and 75B are
arranged conédfifierc friom gaghoetheapprdsanance abteqidreries THieneashedisiove
helical coils 74, 74 are in close contact wth or soldered to a conductive
hol der 76 at Hif&ier £irem each, aghes- aThus e gulitinbpodehepacali el | y. The

hol der 76 halds the_helical guides 75A and 75B. By putting_a cap_ (not
shown) on th ?Inf’c?alvgghﬁaé‘n%gwanﬁe?%a‘i‘@?i%’é?q“%ﬁ’éﬁé’amb&nd:el?&%ﬁg i t

(ot JF UL DARgaREb ey LSRR o) % SR S v T

o e SASERRES Rebethyohate dhidsie [lOmSAN, U She MRy 1%

realized. preferred embodiment of the presenti%nvention will be
described. Fig. 13 shows the state wherein a right-side
half of a helical antenna 73 is removed.

A helical antenna 72 is formed by winding a helical
coil 74 around a small-diameter helical guide 75A with five
turns. The helical antenna 73 is formed by winding a
helical coil 74 around a large-diameter hollow helical
guide 75B with three turns. The helical guides 75A and 75B
are arranged concentrically and overlapped with each other.
The respective helical coilé 74, 74 are in close contact
with or soldered to a conductive holder 76 at their first
turns so as to be fed with power parallelly. The holder 76
holds the helical guides 75A and 75B. By putting a cap
(not shown) on the helical guide 75B and the helical
antenna 73 and bonding it thereto, a multi-band helical
antenna 71 is constituted.
Since lengths of the helical antennas 72 and 73

differ from each other, resonance frequencies thereof also
differ from each other. Thus, the multi-band helical

antenna 71 having two resonance frequencies can be realized.



Further, since dianmeters of the helical antennas 72 and 73 differ from
each other, band widths of the two resonance frequencies can be adjusted
so that desired band w dths can be achieved. It may be arranged
that the helical coils 74, 74 are connected in series, and only one of the
helical coils is fed with power. eferring nowto Fig. 14, a

mul ti-band helical antenna as a nulti-bﬁ d antenna according to the tenth
preferfed enbodi nent of the present invention will be described. A

hel'i cal antenna 72rusthér Mshidde Wiktictera B ithal het@hl74dn8spnasd w2 helical
guide 75 with three turns. A helical antenna 73 is forned by winding a

hel i cal coiland 7ardiffet herdmleadl ojeds Band widihs bfir btbe ¥he helical
antennas 72 and 73 are connected in series by a serially connecting
portion 77. TREOPRAG sfregiencies)fcam dbehadingtedasoethat7desired bande
contact with or soldered to_a conductive holder 76 at its first turn so as
to be fed w YHItRRean beachiawrd. 76 hol ds the heIicaI gui de 75. By
putting a cap (no

h he h I
D ANt 73 and bondFegA R %Qarrée% & it hepBaiindl oot Ta fEnnil At
constituted. % nnecteé“ﬂ& tn%ﬂg Jh @ge aantﬁﬁﬁ%Féiz?an Zgﬁhdlffer

fromeach ot F esonance reqhenC|es hereo
ot her. ThUS,fé&ewf%ﬂtﬁo$@Pﬂ helical antenna 71 having two resonance
frequenci es can be reali zed. 20

Referring now to Fig. 14, a multi-band helical
antenna as a multi-band antenna according to the tenth
preferred embodiment of the present invention will be
described.

A helical antenna 72 is formed by winding a helical
coil 74 around a helical guide 75 with three turns. A
helical antenna 73 is formed by winding a helical coil 74
around the helical guide 75 with two turns. The helical
antennas 72 and 73 are connected in series by a serially
connecting portion 77. The helical coil 74 of the helical
antenna 72 is in close contact with or soldered to a -
conductive holder 76 at its first turn so as to be fed with
power. The holder 76 holds the helical guide 75. By
putting a cap (not shown) on the helical guide 75 and the
helical antennas 72 and 73 and bonding it thereto, a multi-
band helical antenna 71 is constituted.

Since lengths of the helical antennas 72 and 73
differ from each other, resonance frequencies thereof also
differ from each other. Thus, the multi-band helical

antenna 71 having two resonance frequencies can be realized.



Referring nowto Fig. 15, a nulti-band helical antenna as a nulti-band
antenna according to the eleventh preferred enbodi nent of the present
invention will be described. A helical antenna 72 is formed by
wi nding a helical «coil 74 around a helical guide 75 with three turns. A
hel i cal antenna 73 is fornmed by w nding ? helical coil 74 around the
helical guide 75 with two turns. The hel Qal  antennas 72 and 73 are
separat’ed from each other by a helical insulating portion 78, being a

di el ectric, provi dRédfeppihfenswrtAaBiPr 16 J GUHAMNERANA heli€che! i cal guide
75. The helical coil 74 of the helical antenna 72 is in close .contact
with or sol densénna ascangultivbahd| aletentta afcddriinig 3 the' @18@eatht 0 be
fed with power. The holder 76 holds the helical guide 75. The helical

ant enna 73 i Breégrapehembedirenhrof gthe arasarity dnoemiiong wid 1t be hel i cal
ing a cap (not shown) on the helical guide 75 and the

antenna 72. B ug t
hel i cal anteﬂﬁégg?éegnd 73 and bonding it thereto, a multi-band helical

antenna 71 is consji}ufed. Sipce lengths of the helical antennas 72
and 73 differ fro fé?a}ch"%% haptenna ﬁéefﬂ%@@fi'em ¥dndiBges haligaldiffer
from each ot hgk u | d_heli .antenna 71 having two
resonance f rgg%é’ng?eérgﬁgb%%%?%cﬁulde R “ila'%eg: e8f “PHBSnuiti - band

antennas accpediBglt antbfnaciIid f%cﬁwmn@iﬁffﬁr ﬁgﬁﬁmdiﬁaﬁﬁlt §4 the

mul ti-band characteristic is obtai y-using a-plurality of helical
coi |'s. Speci areahdythe/Relissl fQIREOITH widH itARAralt eNfife AS1 880 as an

antenna for carrying out transm ssion and

21 antennas 72 and 73 are separated from each other by a
helical insulating portion 78, being a dielectric, provided
on the surface or circumference of the helical guide 75.
The helical coil 74 of the helical antenna 72 is in close
contact with or soldered to a conductive holder 76 at its
first turn so as to be fed with power. The holder 76 holds
the helical guide 75. The helical antenna 73 is fed with
power through capacitive coupling to the helical antenna 72.
By putting a cap (not shownf on the helical guide 75 and
the helical antennas 72 and 73 and bonding it thereto, a
multi-band helical antenna 71 is constituted.

S8ince lengths of the helical antennas 72 and 73
differ from each other, resonance frequencies thereof also
differ from each other. Thus, the multi-band helical
antenna 71 héving two resonance frequencies can be realized.

In each of the multi-band antennas according to the
eighth to eleventh preferred embodiments, the multi-band
characteristic is obtained by using a plurality of helical
coils. Specifically, when the foregoing multi-band antenna

is used as an antenna for carrying out transmission and



reception at a plurality of mutually different frequency bands, such as
800MHz and 1.9GHz, it can largely contribute to reduction in size of a

mul ti-band portable radio device etc. Referring now to Figs. 16 and
17, a 4telescopic whip antenna as a nulti-band antenna according to the
twel fth preferred enbodi nent of the preggnt invention will be described.

In the tel escopic whip antenna in this e odlnent a sleeve 87 working as
a feed point is forned with a groove 84 into whi ch an antenna menber 81 in
the form of zegephien aboarpl@@aYidiynmed wuwdueddywdiifenestefteqoengattern 83
is fitted, and_a connectin ortion 88 connected to one end of a neander
line patter nb%'ll‘l-%t r%&fé"(#ﬁar%} 7 énd 4. @ﬁH@d i can lasgal¥rcpatribyts 83a
is electrica xedJ connect ed, iplderln under pressure, to

Lhe: contue b reRietlSa e o SRl B o Gua bl PRng BoF Erbhe sBadha fevige

I nsul ati ng rggén prOV|ded at one end of a rod antenna 85, so as to
constitute a snaII-S|ze ant enna 90. An actual product has a cap (not

shown) for antenngﬁ UL Ofrﬂ'ﬂh ) ggrmirs' 308, 137 SqHé‘ié.«?E'oé%é BT

calculating an in e conventional helfcal nd qu%tlons

(2) to (4) fortodLWatd %ﬁi%ﬂi‘i&%’l‘éﬁnﬁf ackBeqsHg! hoStﬁé eeéif@&cordl ng
to this enbodinent will be shown hereinbel ow c [err]

wherein S r ghiteSented emisadimi of &he( piesehl) mNehheon will be
22 described.

In the telescopic whip antenna in this embodiment, a
sleeve 87 working as a feed point is formed with a groove
84 into which an antenna member 81 in the form of a printed
board 82 formed thereon with an electrode pattern 83 is
fitted, and a connecting portion 88 connected to one end of
a meander line pattern electrode (hereinafter referred to
as "meander pattern") 83a is electrically and fixedly
connected, by soldering or under pressure, to the
conductive sleeve 87 coupled to a coupling portion 86, made
of insulating resin, provided at one end of a rod antenna
B5, so as to constitute a small-size antenna 90.

An actual product has a cap (not shown) for antenna
protection. For comparison, an equation (1) for
calculating an inductance of the conventional helical coil
and equationé (2) to (4) for calculating an inductance of
the small-size coil according to this embodiment will be
shown hereinbelow.

Coil:

4 7 SN2
L coil = K —— x 1079 [H] . e (D)
1

wherein S represents a sectional area (cm2), N the



nunber of turns, 1 a mean magnetic circuit length (cm) and k a Nagaoke

coefficient. G ven that a self-inductance of the neander line is Ls,
the follow ng equation (2) is established based on the F. E Ternman

equati en: Meander : | m WHt Ls =
200 Im(In(C - ) +1.19 + 0.22 -) [nH - nh2) Wht

1Im wherein a nmutual inductance Lij 6 nmut ual i nductance between i-th

and j-th) is given by the follow ng equation (3) based on the G eenhouse
equat i on: hattbkr of turns, MW&rfédn Rhgnd¥iils cirBuiltenk ! Yci) dhgance
bet ween conductors dependi ng on the nunber of neanders, dc a distance (m
bet ween condécaoNasgabkeheocefifibeiemt. neanders, and 2N the nunber of

conduct ors. An i nductance La of the neander pattern is given by the
fol | owi ng equati onGiypn thatrg self-indugtagaee off thehseandercdihe ia

I nductance ig proportional to the square of the nunber of turns and thus

an equation F8r thHecHPALPHingiequrtiany R fig estahhished based en tbe the

meander lineg, o . 23 Resonance
frequenci es BreFeatRTHEPi §T8EoRhe
Meandexr:
Im W+t
Ls = 200 Im(ln( — ) + 1.19 + 0.22 ——) [nH] ... (2)
W+t 1lm

wherein a mutual inductance Lij (a mutual inductance
between i-th and j-th) is given by the following equation
(3) based on the Greenhouse equation:

Lij = 200 1mKN [nH]

.lm lm 2 DN 2 DN
KN = In{(—) + 1+ ()" ) -~ 1+ (—) + — oo (3)
DN DN 1lm 1lm

wherein DN = N(dc + W) represents a distance between
conductors depending on the .number of meanders, dc a
distance (m) between conductors, N the number of meanders,
and 2N the number of conductors.

An inductance La of the meander pattern is given by

the following equation {4):

La = (2NLs + 23 3 Lij(-1)*) « (i+1=9) [nH] ... (4)
i3]
In case of a helical coil, an inductance.is
proportional to the square of the number of turns and thus
an equation for calculating it largely differs from the

equation for the meander line.



follow ng equation (5) using a |line capacitance C and the inductance L
derived above: [err] In case of a helical coil, it is fixed to a
helical guide provided with grooves at constant pitches so as to avoid
di spersion in |ine capacitance C. The neander pattern 83a is forned
by etching the printed board 82. In general, a pattern width can be

achi eved with an accuracy of [err]20[errF§1error. Therefore, the Iline
capaci tance can be constant wi thout using the nmenber for uniformng the

pitches as requi rege%gﬁgﬁgehgg n&PLd 230 dw &qu_w}gdsﬁﬁ%g nin

resonance frequency suppr essed. %@ductlon In welg t he

snal | -si ze aEcANRWinglBqahtQohe (85 ik a Fidd &apaditehdd e anlaetha menber
8l is only fitted into the groove 84 of the sleeve 87 upon assenbling,

t he producti inidpctankegh. dbrieadeabosence the feed point is determ ned by
fixing the printed board 82, the dispersion in resonance frequency due to

di spersion in feed poin @I 0 be suppressed. Referring to
Figs. 16 and 18, agtelgsgogﬁg c?p antenna as a nul ti-band anféﬁnggw

according to the thirteenth_preferred enbodi nent of the present i nvention

will be describedIn case pf ghkelirak il vk pieafigiath ton 3 Redical
oo Tent | ki, HISUIRGSING LloRigs A0 ca Rl S ALg hngnen foct
o T o PR UL Tune capncitancs G, °4

The meander pattern 83a is formed by etching the
printed board 82. In general, a pattern width can be
achieved with an accuracy of 20 yum error. Therefore, the
line capacitance can be constant without using the member
for uniforming the pitches as required in the helical coil
so that the dispersion in resonance frequency can be
suppressed. Reduction in weight of the sgall—size antenna
can also be achieved. Further, since the antenna member 81
is only fitted into the groove 84 of the sleeve 87 upon
assembling, the productivity is high. Moreover, since the
feed point is determined by fixing the printed board 82,
the dispersion in resonance frequency due to dispersion in
feed point can also be suppressed.

Referring now to Figs. 16 and 18, a telescopic whip
antenna as a. multi-band antenna according to the thirteenth
preferred embodiment of the present invention will be
described.

In the telescopic whip antenna in this embodiment,
like the one shown in Fig. 16, a sleeve 87 working as a
feed point is formed with a groove 84, and an antenna

member 91 in the form of a printed board B2 formed thereon



(hereinafter coIIectiVer referred to as "sawtooth pattern”) 83b as an
el ectrode pattern 83 is fitted into the groove 84 and fixed thereto by
sol dering or under pressure so as to constitute a small-size antenna.

An actwual

product has a cap (not shown) for antenna protection.

shown in Fig. 18, like the neander Iline %gttern 83a shown in Fig. 17,

sawt ooth pattern 83b is fornmed by etch

pattern width can be achieved with an accuracy of 20[err]merror.
with | 4 neawepeih thime paditelt o2nal gaggellt honé psattgrihe menber
for uniformng the pitches as required in the helical coll so that the
di spersi on i fhexsinafiter feakientdywelyawrelffersedpteosasd”samedathi on i n wei ght
of the small-size antenna can al so be achi eved. Furt her, as sho

in Fig. 16, Rrheerrhe &3k aman edeiekrode patyernt Badisnfbtted iptevthes of

Ther ef or e,

t he productivit Mor eover, sin

t he sl eeve 87 upon, assepbling .i's high.

the feed poi Wf°‘?‘ge o%‘fle?‘?fgm kel therets PNesBHiﬂgéﬁgbB‘éan@%‘? Py¥egsure
di spersion in resonance fregyency due.to,dispersion in feed point can al so
be suppressed® 3% €5 c?&ﬁ?é%ﬁ%ﬁgaﬁgwaﬁ&-ﬁﬁﬁg.QT%eﬁﬁa‘19, a tel escopic whip

antenna as a mul tigband ant g;\%e%nug%cgggi gggés Stf%‘é'g’?’en}'& é)thegnng{red

enbodi nent of the present |

t el escopic

on W | €scCr e

As
t he

the printed board. In general,

wn

ce

a

Foradt £41a i n this enbodi ment, |ike the one shown in Fig. 16,

a sl eeve 87 ‘working as a 25 feed poi
is formed wWith a EHBHOWA inAkdgan1ent £k the meander line pattern

83a shown in Fig. 17, the sawtooth pattern 83b is formed by
etching the printed board. In general, a pattern width can
be achieved with an accuracy of =20 ym error. Therefore,
the line capacitance can be constant without using the
member for uniforming the pitches as required in the
helical coil so that the dispersion in resonance frequency
can be suppressed. Reduction in weight of the small-size
antenna can also be achieved.

Further, as shown in fig. 16, since the antenna
member is‘only fitted into the groove 84 of the sleeve 87
upon assembling, the productivity is high. Moreover, since
the feed point is determined by fixing the printed board 82,
the dispersion in rescnance frequency due to dispersion in
feed point can also be suppressed.

Referring now to Figs. 16 and 19, a telescopic whip
antenna as a multi-band antenna according to the fourteenth
preferred embodiment of the present invention will be
described.

In the telescopic whip antenna in this embodiment,

like the one shown in Fig. 16, a sleeve 87 working as a

nt



menber 92 in the formof a printed board 82 forned thereon wth a spiral
pattern 83c as an el ectrode pattern 83 is fitted into the groove 84 and
fixed thereto by soldering or under pressure so as to constitute a
smal | -si ze antenna. An actual product has a cap (not shown) for antenna
pr ot ecti on. Her ei nbel ow, an equatigg (6) for calculating an

I nduct ance of the conventional helical cOI'l and an equation (7) for

cal culating an inductance of the spiral pattern according to this
enbodi ment WeebdbposheWis hEsLmedehitlh a groovligd, and an antenna [err]
wherein S represents a sectional area (cnferr]), N the nunber of turns, 1
a nean nmagnemewberr 88 in| thgt foxm £ anprinted\hgpackie 820 £birmedethereon
Spiral : [er(L i wherein 1 represents a conductor radius (cm, n
the nunber Withuanspirplgpaptern 83imas émedestrodecppttens B8 ia spiral
outer dianeter &inch). Resonance frequencies are each derived by the
fol | owing cqEAEL8S 1050 LLhAGTEOTY P & Anshifidncs tBeRFo R SPASRELARCe? L

derived abovgﬁder[SLQLsure so as to constitute a small-size a%genna.

An actual product has a cap (not shown) for antenna
protection.

Hereinbelow, an equation (6) for calculating an
inductance of the conventional helical coil and an equation
{7) for calculating an inductance of the spiral pattern
according tc this emquiment will be shown hereinbelow.

Coil:

4 7 SN? »
L coil = K —— x 10™° [H] ... (6)
1

wherein S represents a sectional area (cm?) , N the
number of turns, 1 a mean magnetic circuit length (cm) and

k a Nagaoke coefficient.

Spiral:
. 5/3
L spiral = 0.l141an ' “logBa/c [ uH]
Dj + Dy Do - Dj
a=-———, c= —— ees (T}
4 2

wherein 1 represents a conductor radius (cm), n the
number of tu¥ns, Di a spiral inner diameter (inch), and Do
a spiral outer diameter (inch).

Resonance frequencies are each derived by the
following equation (8) using a line capacitance C and the

inductance L derived above:

fl=1/27tVLC ... (8)



Li ke the nmeander pattern 83a and the sawtooth pattern 83b, the spiral
pattern 83c is formed by etching the printed board 82. In general, a
pattern width can be achieved with an accuracy of 20 [err]merror.
Therefere, the I|ine capacitance C can be constant w thout using the nmenber
for uniformng the pitches as required in the helical coil so that the

di spersion in resonance frequency can be 6suppressed. Reduction in wei ght

of the*small-size antenna can also be achieved. Further, since the antenna

menber 92 is onl yrLikét eHel AbQn&be %{@E&% HaLladd' @y RPN RBAR tern,
gn.

assenbling, the productivity is hi Mor eover, since the eed"point is
deterni ned b®3bi,xithg spirali pattebnadsc 8ls fdlitadipYtEEhd khneesonance
frequency due to dispersion in feed point can al so be suppressed.

I n each of tP&intedi bband 82t erlimmgeneraildi agpattele widehf tantBesi xt eent h
preferred enbodi nents, the inductance has been expl ained. On the other
hand, by for Achéeyedonith an acouracynpl ot 26ikh extrox. c@hare€orechths
bariumtitangate havin %grr] of 20 to 110 so as to constitute a mcrostrip
ant enna bet éﬂetﬁﬁpﬁﬁgﬁ Fecf ctan kR RSN Widthanth usdag, thehmesberoot h

el ectrode (s o] rn,..83b).or. the spiral. elJectrode (spiral pattern
83c) and theeé%oﬁﬁgfgg%iﬁg tﬁ%r %ﬁh%ﬁfﬂﬁnﬁﬁﬁ?ﬁﬁ?4nlfb aé998ﬁ10F°%ﬁe
ant enna. efhb NG4 - Figs. t el escopi ¢ _whip
antenna as asﬁurﬁ??bgﬁ%ngﬁfgﬁéf%{c%?dﬁgn%ﬁﬁeﬂf = !%Heglecpﬁ ﬁagpﬁgf erred
embodi ment ObupPeed5E8 CNIRAUMAITINOAnVibli gBE o@CEREI Bfid11-size antenna

as

27 In the tel escopic whip antenna”in this enbodi nent,
can also be achieved. Further, since the antenna member 92
is only fitted into the groove 84 of the sleeve 87 upon
assembling, the productivity is high. Moreover, since the
feed point is determined by fixing the printed board 82,
the dispersion in reéonance frequency due to dispersion in
feed point can also be suppressed.

In each of the multi-band antennas according to the
twelfth to sixteenth preferred embodiments, the inductance
has been explained. On the other hand, by forming a board
of, for example, dielectric ceramic such as barium titanate
having &€ of 20 to 110 so as to constitute a microstrip
antenna between the meander electrode (meander pattern 83a),
the sawtooth electrode (sawtooth pattern 83b) or the spiral
electrode (spiral pattern 83c) and the ground, it is
further effective in size reduction of the antenna.

Referring now to Figs. 20 and 21, a telescopic whip
antenna as a multi-band antenna according to the fifteenth
preferred embodiment of the present invention will be

described.



an el ectrode pattern 93 having the sane outside dinension as that of a

sl eeve 87 working as a feed point, a round and flat spiral pattern 93a is
used. The spiral pattern 93a is forned on the surface of a circular
printed board 94 and has an initial wind part connected to the underside
of the printed board 94 via a through holg (not shown), so as to forman
antenna nenber 101. The antenna nenber ?%is fixed to the sleeve 87 by
sol derirng or under pressure so as to be fed with power. An actua

product has a cap (At tR&0¥Eled bp LA LA aneRirRCin0this embodihkAt! NEs
nmeander pattern 83a and the sawtooth pattern 83b described above, fhe

spiral patteran98letsrbdenpatbyrn 93 Magind ethy igunRd Juridied dimensgener al ,

a pattern width can be achieved with an accuracy of 20 [err]merror.

Theref ore, thes| thatcafasi sheeve c8h wericingstanta fidetbpoinksi g rohadnenter
for uniformng the pitches as required in the conventional helical coil so
that the disng§FoﬁP¥ﬁalrE§BH%ﬁ%e93¢eﬁméﬁﬂwdcaﬁhﬁesﬁaﬁﬁieBébﬁern 93a is
Reduction in ntenna 100 can also be achieved.

Further, si npgg%ﬂgapgﬁt’ngéén%lb#%’%%ﬁasa_%ﬂ%}‘%mdom&rﬁhg%ﬁ‘@@ve 87
vpon sesertl Sy WEn LRl (ad? Jcs bTG0NR cBARS RS EERR 01T
Ry irpkemshanasararod IS, BBlalgr Wil RO S8y 2. o,
mul ti-band anfepilaanCentéhnd ndhidi FX! €@AkNantenna member 101 is

fixed to the sleeve 87 by soldering or under pressure so as

to be fed with power.

An actual product has a cap (not shown) for antenna
protection.

Like the meander pattern 83a and the sawtooth pattern
83b described above, the spiral pattern 93a is formed by
etching the printed board 94. In general, a pattern width
can be achieved with an accuracy of *20um error.

Therefore, the line capaciténce can be constant without’
using the member for uniforming the pitches as required in
the conventional helical coil so that the dispersion in
resonance frequency can be suppressed.

Reduction in weight of a small-size antenna 100 can
also be achieved. Further, since the printed board 94 is
only connected onto the sleeve 87 upon assembling, the

. productivity is high. Moreover, since the feed point is
determined by fixing the printed board 94, the dispersion
in resonance frequency due to diépersion.in feed point can

also be suppressed.



preferred enbodi nent of the present invention will be described.

The telescopic whip antenna in this enbodinent is the sane’'in structure as
the tel escopic whip antenna shown in Fig. 20 except that, instead of the
round -spiral pattern 93a shown in Fig. 21, an angular spiral pattern 93b
having the sane outside dinension as thQ% of a sleeve 87 working as a
feed point is used. The angular spiral pattern 93b is fornmed on the
surface of a circular printed board 94 and has an initial w nd part
connected to the uraifsmstidey ofow e Figisnt 20 hadr d294avtalasedpdeigihiwl e (not
shown), so as to forman antenna nenber 102. The antenna nmenber 102 is
fixed to theanterna 3y pymetitdrand) aptemmdeacgogddngetoothe sixteentld with
power . An_actual product has a_cap (not shown) for antenpa

prot ecti on, pPreferred @qu@w%&é the pafent, iavgnthensuht boPf pattern
83b descri bed above dthe spiral pattern 93b is forned by etching the
printed boar @5?1?% beneral, a pattern width can be achieved with an

accuracy of [err] 0Of .. .Therefore, .th .'ng § [tance gan be
constant w thout 2%%% %é]]l Y %%erhl o%n Per %%ngh%'he_ pI ?@%@%ﬁgsl? e%cfb red
in the convephd ofglsfialdGdle G len0 ddidlsddps clwhlB! 8h08nhi shEwRNARCE

frequency can be suppressed. Reduction iIn Ight ©of a snmall-size antenna

100 can al sophg. azhi evesht RiHdteinstai @£t RbeProihadspeaal S4ctsronl y
connected onto the 29 sl eeve 87 upon

assenbl i ng, 93= showmcin Fig. i hiagh angMlaeospiradi paeteba HBBdhaeing is
determ ned by fixing the
the same outside dimension as that of a sleeve 87 working
as a feed point is used. The angular spiral pattern 93b is
formed on the surface of a circular printed board 94 and
has an initial wind part connected to the underside of the
printed board 94 via a through hole (not shown), so as to
form an antenna member 102. The antenna member 102 is
fixed to the sleeve 87 by soldering or under pressure so as
to be fed with power.

An actual product has a cap (not shown) for antenna
protection.

Like the meander pattern 83a and the sawtooth pattern
83b described above, the spiral pattern 93b is formed by
etching the printed board 94. In general, a pattern width
can be achieved with an accuracy of 20 um error.
Therefore, the line capacitance can be constant without
using the member for uniforming the pitches as’ required in
the conventional helical coil so that the dispersion in
resonance frequency can be suppressed. Reduction in weight
of a small-size antenna 100 can also be achieved. Further,

since the printed board 94 is only connected onto the



printed board 94, the dispersion in resonance frequency due to dispersion
In feed point can al so be suppressed. Referring nowto Figs. 20 and
23, a telescopic whip antenna as a nulti-band antenna according to the
seventeenth preferred enbodi ment of the present invention wll be

descri bed. In the tel escopic whip tenna in this enbodi nent, a
pair of boards 94, 94 respectively formed3i th round spiral patterns 93a
and 93¢ each having the sanme outside dinmension as that of a sleeve 87

working as a dlefsired @Mupdine aseaabeiingV the CALEHAREEEFi 6P £ HirENsure a
pattern length. The spiral patterns 93a and 93c fornmed on the printed

boards 94, bremwen) mdincg dheefbednpoinboss t detérmindd B Fixindalthes, a
cl ockwi se wi nding direction and a counterclockwi se w nding direction. The
spiral patteRpind®d hearg3f4dhatbe dhspersiepein i vesomandel frequebnmyr idue
connected to the wundersides of the corresponding printed boards 94, 94 via
cor r espondi nd KSRGFsHone dn foedspoint, can alse d¢ uppresaat-cnna nember
105. The antenna er 105 is fixed to the sleeve 87 hy soldering or

under pressure so 5897 BE¥ HPt i Pdwetl and 23#¥?eﬁﬁ¥ﬁﬂ°°ﬁgﬁdﬁéﬂphas'a
t h f t tegti . Like th tt

535 and the Saiiesi, 3. Bt 258RAG afPemnn 2neRA R PR he opiral |

patterns 93a sahintddhths prakaEtelY oftbSRLAGL N6 COId gépﬁog&ggta Hilieg board

94. n general, tern width
can be achi ewgd iwdeh dascragedr acy of 20 [err]merror. Therefore, the line
capaci t ance

In the telescopic whip antenna in this embodiment, a

pair of boards 94, 94 respectively formed with round spiral
patterns 93a and 93c each having the same ocutside dimension
as that of a sleeve 87 working as a feed point are stacked
with each other so as to ensure a pattern length. The
spiral patterns 93a and 93¢ formed on the printed boards 94,
94 have winding directions opposite to each other, that is,
a clockwise winding direction and a countercloékwise
winding direction. The spirﬁl patterns 93a and 93c have
their respective initial wind parts connected to the
undersides of the corresponding printed boards 94, 94 via
corresponding through holes (not shown), so as to form an
antenna member 105. The antenna member 105 is fixed to the
sleeve 87 by soldering or under pressure so as to be fed
with power.

An actual product has a cap (not shown) for antenna
protectioﬁ. |

Like the meander pattern 83a and the sawtooth pattern
83b described above, each of the spiral patterns 93a and

93c is formed by etching the cofresponding printed board 94.



C can be constant so that the dispersion in resonance frequency can be
suppressed. Reduction in weight of the small-size antenna can al so be

achi eved. Further, since the antenna nenber 105 is only connected onto the
sl eeve-87 wupon assenbling, the productivity is high. Mreover, since the
feed point is determined by fixing the antenna nmenber 105, the dispersion
I n resonance frequency due to dispersionin feed point can al so be

suppr essed. Simlar effects can be achi eved by conbi ning the
angul ar spir &n geneead,93bpahterni Wifth. c2R B hFHIERAY widdg@rar spiral
pattern having an opposite w nding direction. Referring now to Figs.

24 to 26, a Becugecy ofwHiZ0 saneemoz.asTherefdie bah@ dinencapaeitadcag to
t he elghteenth aBrgferred embodi ment of the present invention will be
descri bed. can pg PHBSFepféséeptbavmﬂhe ahiepersion tin sesdpeticeent, a
smal | -size antenna 110 is grov d with an antenna member 115 constitut ed

by forning afeanderspittePh ?’ﬁpﬁﬁsﬁedf | KaMcEingain Yeight s€sthenown in
Fi 25 d - d wl i nd | nb 114 best
Chown. i o oign1-¥eRd! Bleehnd’ QuACe fod i Mdsiihad o Fﬁg’e‘?ﬁgrmﬁagf >

pattern 112¢ha GARBRRA! AnBLECH 05 UPs AL Pl itk S Tl okl g7

flexi ble board 111 and the neander patter are connec 0 eac
ot her. The capbAchbsemBlefi§] Otke %&ﬁcd&?@seﬂﬁ@menﬁSfe&@ran& sl eeve
87 are connected to each ot er by

sol dering or thed€eedr pesnteis ode pamtindd asy) Mixing the EﬁQeﬁaandghbaettern
112 is fornmed by etching the

105, the dispersion in resonance frequency due to

dispersion in feed point can also be suppressed.

Similar effects can be achieved by combining the
angular spiral pattern 93b shown in Fig. 22 and another
angular spiral pattern having an opposite winding direction.

Referring now to Figs. 24 to 26, a telescopic whip
antenna as a multi-band antenna according to the eighteenth
preferred embodimgnt of the present invention will be
described.

In the telescopic whip antenna in this embodiment, a
small-size antenna 110 is provided with an antenna member
115 constituted by forming a meander pattern 112 on a
flexible board 111 as best shown in Fig. 25 and then
winding it around a cylindrical resin member 114 as best
shown in Fig. 26.

For power feeding from one end of the meander pattern
112, a connection electrode 113 provided at one end of the
flexible board 111 and the meander pattern 112 are
connected to each other. The connection electrode 113 of

the antenna member 115 and a sleeve 87 are connected to



flexible board 111 having a conductive netal foil thereover. 1In general, a
pattern width can be achieved with an accuracy of 20[err]merror.
Therefore, the |line capacitance C can be constant so that the dispersion

i n resonance frequency can be suppressed. Further, since the
flexible board 111 is only connected onto the sleeve 87 upon assenbli ng,
the productivity is high. Moreover, sinéd the feed point is determ ned by
fixing'the flexible board 111, the dispersion in resonance frequency due

to di spersi ogalch BQﬁQrpB&HEOQQQriﬁéS tﬁh%éﬁ?ﬁ{?%%?*e for po. ch%QEQQ8EO

the nulti-band antennas Tn each of"the t SI xteenth prererre

enbodi ments, the swhbl méhri€er 4bd LXE¥h AND 1P Ahed BRNREHERGNLhE
receivable in the casing of the radi o device and expandabl e"are conbi ned

to provide tthextibllesboprd Lhi phawiren nd. cdridddia vee metalpifeilWkhprasi-eana,
the electrode pattern is formed on the printed board, the flexible board
or the diel edry gengsald. a Pattermgridih rezso e aehicomde wdhbased on t he
dielectric constant of the board and the el ectrode pattern, there can be
provi ded sucRCSUFBFEsepitROdmpenreennTharefore, &heecllinat capagibamcei vity,

argel y cont £ BabebPobSPERIAL| B THAEI e AHPRREIA dF FRECPBPERD 0

&?rzlgﬁlii-bgﬁgqgﬁ?angagaﬁ%r?%??ﬁf%ﬁ?%&nenna 3§IenexrmgaL?nSL:LNE8 'S

parall el resonancepgrtRet! sHithe fHd Flexible board 111 is only
connected onto the sleeve 87 upon assembling, the
productivity is high. Moreover, since the feed point is
determined by fixing the flexible board 111, the dispersion
in resonance frequency due to dispersion in feed point can
alsc be suppressed.

According to the multi-band antennas in each of the
twelfth to sixteenth preferred embodiments, the small-size
antenna and the rod antenna which is receivable in the
casing of the radio device and expandable are combined to
provide the telescopic whip antenna. In the telescopic
whip antenna, the electrode pattern is formed on the
printed board, the flexible board or the dielectric board.
By using the resonance frequency based on the dielectric
constant of the board and the electrode pattern, there can
be provided such a telescopic whip antenna that is
excellent in productivity, stable in resonance frequency
and reducible in weight, and thus can largely contribute to

reduction in size and weight of the portable terminal.



and a second radiation el enent connected to opposite ends of said LC
paral l el resonance circuit, wherein said LC parallel resonance circuit is

constituted by self-resonance of an inductor itself. 2. A

mul ti-band antenna as clained in claiml1l, wherein said inductor is nounted
on a printed board. 3. A nulti-bagg antenna as clainmed in claim1l
wherein said i nductor has an inductance gi ven by L > 7nH. 4. A

mul ti-band antenna as clainmed in claiml1l, wherein said first radiation

el ement has a helical shape. 5. Anulti-band antenna as clainmed in
claim4, wherein a part of said first radiation el enment provides the

sel f - r esonangmamhrshcrAmMEDt mges said LC parall el resonance circuit.

6. A nulti-band antenna as clained in claim4, wherein said second
radiation el enent Is ek omgitic-bamdl radennsl comprpeingasti anbéhuy. 7.
A multi-band antenna as clained in claim®6, wherein said second radiation
el enent is celement: haying aﬁDL@in@rﬁiiﬂlar¢$qnﬁnnﬁaqnﬁﬂmkﬁn&mg Rafdreg
selected from the group consisting of polyner and el astoner. 8

Tl L1 - band afPénAaSREoBAaFABIREAOR| Slapent GaRReR R 4o cPecpita pors

resonance cir Ult nd _sai d t radiation, ele nt ar e cover th an
i nsul at i ng n8Ee PR % EC paraiief resonance circui where lﬁhF%L

et Bt St 0 e
flexible. of an inductor itself.

2. A multi-band antenna as claimed in claim 1,
wherein said inductor is mounted on a printed board.

3. A multi-band antenna as claimed in claim 1,
wherein said inductor has an inductance L given by L 2 7nH.
4. A multi-band antenna as claimed in claim 1,

wherein said first radiation element has a helical shape.

5. A multi-band antenna as claimed in claim 4,
wherein a part of said first radiation element provides the
self-resonance which constitutes said LC parallel resonance
circuit.

6. A multi-band antenna as claimed in claim 4,
wherein said second radiation element is elongate and made
of a superelastic alloy.

7. A multi-band antenna as claimed in claim 6,
wherein said second radiation element is covered through
molding with a flexible insulating material selected from
the group consisting of polymer and elastomer.

8. A multi-band antenna as claimed in claim 4,
wherein said LC parallel resonance circuit and said first

radiation element are covered with an insulating material
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10. A multi-band antenna as clainmed in claim5, wherein said first

radi ation elenment is in the formof a printed board having a neander
pattern. 11. A multi-band antenna as clainmed in claim10, wherein a
part of said meander pattern provides the self- resonance which
constitutes said LC parallel resonance gércuit. 12. A multi-band
antenna as clainmed in claim8, wherein id LC parallel resonance circuit
is mouited on said printed board. 13. A multi-band antenna as
clainmed i n charudh, molbengin sai d printed board is covered through nol ding
with flexible insulating resin selected fromthe group consisting of

pol ymer and el ast ofer .A multi-bhhd Anténha- handlatimednanaslaimi8pd in claim
8, wherein said second radiation elenent is elongate and nade of a

super el ast i cwhereygn said ingglaiing|matdrial avs cne ofs pollymesdand cl ai m 13,
wherein said second radjatjon element is covered through nolding with
f1exi bl e i nsGlastrgeFe¥hicRcprERtEEXiRARt he group consisting of pol yner

and el astoner. 6. telescopic nmulti-band, whip, antenpa conpri sing

a small -size antenﬁg‘a#ﬁxﬂﬁﬁﬁ{?ﬂﬁﬂ: "R ef Fgaﬁﬁﬁgi%%bF iR P o radio

devi ce casin . eX £in. sai -

34 small-si gggg%tl gnggﬂggg+§%%¥%%&6% Jé%geeq'seé‘fe@ f? adt o ndé:\rlllecg OrLal ifna sai d

whi p antennapgg'h@gdsi,'bggglﬁaﬁfﬁ@tiv&gﬁéﬁiggt | -si ze antenna, each of
nna

said small-size antenna and sard whip ant ot’h having nulti-band

characteristics so11. A multi-band antenna as claimed in claim 10,
wherein a part of said meander pattern provides the self-
resonance which constitutes said LC parallel resonance
circuit.

12. A multi-band antenna as claimed in claim 8,
wherein said LC parallel resonance circuit is mounted on
said printed board.

13. A multi-band antenna as claimed in claim 10,
wherein said printed board is covered through molding with
flexible insulating resin selected from the group
consisting of polymer and elastomer.

14. A multi-band antenna as claimed in claim 8,
wherein said second radiation element is elongate and made
of a superelastic alloy.

15. A multi-band antenna as claimed in c¢laim 13,
wherein said second radiation element is covered through
molding with flexible insulating resin selected from the
group consisting of polymer and elastomer.

16. A telescopic multi-band whip antenna comprising

a small-size antenna and a whip antenna which is receivable

in a radio device casing and expandable, wherein said
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that the multi-band characteristics are obtained both upon putting back
and expansi on of said whip antenna. 17. A telescopic multi-band whip
antenna as claimed in claim'16, wherein said radio device casing is
provided wth a holder for fixing said small-size antenna, said whip
antenna being provided at upper and |ower,end portions thereof with a
first and a second stopper which are heléﬁn/ sai d hol der upon putting back
and expansion of said whip antenna, said first and second stoppers being

el ectrical | y sialdiHsdtzad ahtefnaatid 16bdeed outside ldhid® A£diRP CRiGe
mul ti-band whip antenna as clainmed in claim16, wherein said whip antenna

i s el ectri caldapingspsrddedhiipoantendashaihg ssridablle nfel dtiveaitd fgaist
stopper when said whip antenna slides in said holder to be received in
said radi o déMadd"&d&engntenna, eagh aftsaidcupallrailze aAndeginshiamdant enna
as claimed in.c a%g|16 wherej n said whip antenna conprises an LC

paral l el res Pr8BFFnPﬁCPﬁHPnBa¥i%%iEP%FEE?&QQ QQﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁigapéeitor,
Latl ] id LC esonance
circat o A BB aa A REF R Rl i P BihAdned BOREEOR n
l aim 16, wh ' ' ' 1S | far.m of ,a__conbi nati on of
ge?;?}esonangﬁﬁéfngagﬁfgh%ﬁaﬁg%ggﬂghéﬁa§£”é$§ﬁ éh%laaqgﬁ?qa'enent connect ed

t hereto. 17. A telescopic multi-band %ﬁiﬁhantengé'ag‘%ﬁéfﬁ&@piC

mul ti-band whip antenna as clained in claim1l6, ereln sald I p ant enna
is in the foim ofiadm t6épbwherédn 94id Shdis iduiied CaRIhyNtsPRrakiiaba

resonance circuit as an LC parallel resonance circuit, and a netal
with a holder for fixing said small-size antenna, said whip
antenna being provided at upper and lower end portions
thereof with a first and a second stopper which are held by
said holder upon putting back and expansion of said whip
antenna, said first and second stoppers being electrically
insulated from said holder.

18. A telescopic multi-band whip antenna as claimed
in claim 16, wherein said whip antenna is electrically
separated from said small-size antenna by said first
stopper when said whip antenna slides in said holder to be
received in said radio device casing.

19. A telescopic multi-band whip antenna as claimed
in claim 16, wherein said whip antenna comprises an LC
parallel resonance circuit including a chip inductor and a
chip capacitér, and a metal radiation element connected to
said LC parallel resonance circuit.

20. A telescopic multi-band whip antenna as claimed
in claim 16, wherein said whip antenna is in the form of a

combination of self-resonance of a chip inductor and a

A

metal radiation element connected thereto.




radi ati on el enent.

22. A telescopic nmulti-band whip antenna as

claimed in claim16, wherein said whip antenna is in the formof a

conbi nati on of self-resonance due to an air-core coil as an LC parall el
resonance circuit, and a netal radiation elenment. 23. A telescopic
mul ti-band whip antenna as clainmed in anone of clainms 19-22, wherein said
netal radiation elenent is nmade of a Ti N all oy. 24. A telescopic

mul ti - Band whi p antenna as cl ai med
antenna is in the £ormaotePesespid aiulNl -Hand) whSpPahtbhfih &8Se1a{REd

in claim116, wherein said snall-size

circuit having a chip inductor and a chip capacitor, and a helical coi
connect ed t hdmecdaim 16, wBBreintshbdcwipip antdnndaig ithithefirmnafaa

cl ai ned

in claima1l6, mherein said small -size antenna is in the form

conbi nati on Gpmbépﬁiﬁ9§oﬁ&needé$taib%tgdi¢mnn%antepﬂ#aiIQ#ﬂﬂaﬁgnanﬁa

connect ed t her.eto.

cl ai ned

in GRECHLFeasRBr &anga?algm?sgqareceﬂﬁm% gl @ @etgdm

conbi nati on of ﬁelf res nancg of an air-core coil and a helical coi

connect ed t héi

cl ai ned

36 of a conbination of an
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resonance Circul conpri si

A telescopic nulti-pband whip antenna_as

gti°n SLEmsRt- A telescopic multi-band whip antenna as

of a

of a

a chip

i nductor andia @haamcaaacswheeeﬂﬁuaa.@d JPip Gadtenn P! % BPthe FadnP oERGNET
pattern formed on said flexible board

combination of self-resonance due to an air-core coil as an
LC parallel resonance circuit, and a metal radiation
element.

23. A telescopic multi-band whip antenna as claimed
in anyone of claims 19-22, wherein said metal radiation
element is made of a Ti-Ni alloy.

24. A telescopic multi-band whip antenna as claimed
in claim 16, wherein said small-size antenna is in the form
of a combination of an LC parallel resonance circuit having
a chip inductor and a chip dépaéitor, and a helical coil
connected thereto.

25. A telescopic multi-band whip antenna as claimed
in claim 16, wherein said small-size antenna is in the form
of a combination of self-resonance of a chip inductor and a
helical coil connected thereto.

26. A'telescopic multi-band whip antenna as claimed
in ¢laim 16, wherein said small-size antenna is in the form
of a combination of self-resonance of an air-core coil and
a helical coil connected thereto.

27. A telescopic multi-band whip antenna as claimed

in claim 16, wherein said small-size antenna is in the form
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28. A telescopic multi-band whip antenna as clainmed in claim16, wherein
said small-size antenna is in the form of a conbination of a

sel f-resonance circuit having a chip inductor and working as an LC
paral |l el resonance circuit, and a nmeander pattern, said self-resonance
circuit and said neander pattern providg% on a flexible board. 29.
A telescopic multi-band whip antenna as Clained in claim16, wherein said
smal | -sSize antenna is in the form of a conbination of a self-resonance

circuit havi of ancambinatfbfi 6€i Anand pPEFXiIEl afesthardedddididalt r esonance
circuit, and a nmeander pattern, said self-resonance circuit and said

meander patt comprésaggprochdpdinduatdt eand| # dhnigpy chapacitor Zdunieideloascopi c
mul ti-band whip antenna as clained in claim16, wherein said small-size
antenna is i@ €Aexiblm beard, candi aaneamder pathenn ifiormed consaddt paral | el
resonance circuit_and a neander pattern both provided on a flexible board.
31. A mul ti- B3RFiReP PYRTSnt enna conprising a plurality of helical coils,

t | t hel i | d d whi.ch ' | i f helical il
are vound. and & EBnaubt IRASTIIG MO haCa hiR, PERRRR o8 LAHRSE
gui de, wher 9N cRQURr 1is LAE:LEAM 57l dssenpuplly SRl der 1048l cikeastyone
of said plurality o %erica COIlS'SO as tTo obtarnapp uraﬁ?ty Sf m

resonance freguangof®ination of a self-resonance circuit havifig a chi?32: A
mul ti-band helical antenna as clainmed in claim 31, wherein said plurality

of helical candacitayeahliewsakengdas @ erc Gkrd e diddRnamiceneibeius tof turns

and are wound around said helical guide parallelly, the power being fed
and a meander pattern, said self-resonance circuit and said
meander pattern provided on a flexible board.

29. A telescopic multi-band whip antenna as claimed
in c¢laim 16, wherein said small-size antenna is in the form
of a combination of a self-resonance circuit having an air-
core coil and working as an LC parallel resonance circuit,
and a meander pattern, said self-resonance circuit and said
meander pattern being provided on a flexible board.

30. A telescopic multi-band whip antenna as claimed
in claim 16, wherein said small-size antenna is in the form
of a combination of a distributed constant parallel
resonance circuit and a meander pattern both provided on a
flexible board.

31. A multi-band helical antenna comprising a
plurality of helical coils, at least one helical guide
around which said plurality of helical coils are wound, and
a conductive holder holding said at least one helical guide,
wherein power is fed from said conductive holder to at

least one of said plurality of helical coils so as to

A T

obtain a plurality of resonance frequencies.



fromsaid holder to said plurality of helical coils, respectively.

33. Amlti-band helical antenna as clainmed in claim 31, wherein said
plurality of helical coils have different dianmeters and the different
nunber$ of turns and are parallelly wound around said plurality of helical
guides having different dianeters and ary. anged concentrically and
over |l apped with each other, the power beiﬁb fed fromsaid holder to said
plurali'ty of helical coils, respectively. 34. A multi-band heli cal

antenna as cl ai red3gn cAamm t3band fiedlitalaiathtehnbahit ¥19imbel isak180h! S
have the sane dianeter and the different nunbers of turns and are wound

around sai d Rdl,i whlergindeaid piuratity hef pgoskicdleiauy e thavier dimes siathehol der
to one of said plurality of helical coils. 35. A multi-band helica
antenna as cldpmedernasdathe diffeprentirpumbexs piirtinns) asd kel ¥akndoi | s

have different dianmeters and the different nunbers of turns and are wound

in series ar 8ERYRELERLH Brdire) orife PREalli’tly HAm meved bedngnfed
di t d i call d | d wi.th h other, th
bower boi g FEAR PRRECRPAASE EA.Fa1 RAEE R T of Heiiadt ofiSielt cal |

coils. r%?geétﬁUE&&iba”d hel i cal antenna conpri sing: a plurality

of helical co havi ng~t he sane dianmeter and the different nunbers of

turns; '33. A multi-band helical 38tenna asdci&ih&@! i QUbLLifround
which said plurality of helical coils are wound; an i1 nsulating

portion bein@ly dhelrethr saidnpl@ralitedof te ki el favid sohavel difebireak Qui de
to separate said
diameters and the different numbers of turns and are
parallelly wound around said plurality of helical guides
having different diameters and arranged concentrically and
overlapped with each other, the power being fed from said
holder to said plurality of helical .coils, respectively.
34. A multi-band helical antenna as claimed in claim
31, wherein said plurality of helical coils have the same
diameter and the different numbers of turns and are wound
around said helical guide in series, the power being fed
from said holder to one of said plurality of helical coils.
35. A multi-band helical antenna as claimed in claim
31, wherein said plurality of helical coils have different
diameters and the different numbers of turns and are wound
in series around said plurality of helical coils having
different diameters and arranged concentrically and
overlapped with each other, the power being fed from said
holder to one of said plurality of helical coils.

36. A multi-band helical antenna comprising:

a plurality of helical coils having the same diameter

A

and the different numbers of turns;



plurality of helical coils fromeach other; and a conductive hol der
hol ding said helical guide, power being fed fromsaid holder to one of
said plurality of helical coils and further fed to the other helical coi

t hrough capacitive coupling so as to obtain a plurality of resonance
frequenci es. 37. A telescopic mhiﬁ antenna conprising a rod antenna
which is receivable in a casing and expa gable, and a snall-size antenna
provi ded at an upper portion of said rod antenna, wherein power is fed to

said rod antenna URORelE£XPRNGULHe H¥buril SHi¢hs ¥l phaeaditgnga upon
putting back, said small-size antenna being substantially In the form of

a board nadehelieali asilatang wadmdj al and fornmed thereon wth an

el ectrode pattern and uses a resonance frequency based on a dielectric
constant of said baarinswirting poetticny dedngmiat dielectric agd. ppovidedcopic
whip antenna as clained in claim37, wherein said electrode pattern

conpri ses at Pe@sBUBRRcefof s3idhrkicahayige &on sepasakeosthd| i ne pattern
and a spiral

o002 5013l aBELISHY. or ner 1881 Abhih Rl el Radile R 3% el U
Lored ther son,w {) BSBEl P USELL reving seidmeAierk Fride. TREPE: o
a3 ) BeBCHAE SR YoM RO g deaa pegfugtipl o0
whi p ant ennanasiehdi 8841 Nakd afwrttbr fed to the other helical coil
through capacitive coupling so as to obtain a plurality of
resonance frequencies.
37. A telescopic whip antenna comprising a rod
antenna which is receivable in a casing and expandable, and
a small-size antenna provided at an upper portion of said
rod antenna, wherein power is fed to said rod antenna upon
expansion and to said small-size antenna upon putting back,
said small-size antenna being substantially in the form of
a board made of an insulatiﬂg material and formed theredn
with an electrode pattern and uses a resonance frequency
based on a dielectric constant of said board and said
electrode pattern.
38. A telescopic whip antenna as claimed in claim 37,
wherein said electrode pattern comprises at least one of a
meander line.pattern, a sawtooth line pattern and a spiral
pattern.

39. A telescopic whip antenna as claimed in claim 37,

wherein said small-size antenna comprises stacked boards
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each formed thereon with a spiral pattern.



wherein said board cohprises the flexible board, said

conprising a neander line pattern formed on said flexible board, said

smal | -si ze antenna being in

with said neander line pattern, said flexible board being wound into

cylindrical

shape and fi xed. 42. tel escopi c whi p antenna as

claimed in claim40, wherein said board Conprises the flexible board,
el ectrbde pattern conprising a sawmooth Iine pattern forned on said

fl exi bl e board,

el ectrode pattern

the formof said flexible board forned thereon

a

sai d

sad0. simldeluszopiet @hliip AAatagnanastdraimednid laion f3%exi bl e

board fornmed thereon with said sawtooth line pattern, said flexible board
bei ng wound whevein sgidnboaxd|ismsylstantifdldyd in the fosR. off abl deasbic

whi p antenna as clainmed in claim 37,

wherein said board fornmed thereon

with said el eBerefea PEiREed haard xa Hhexidileeboggdopandnaediplesttie to a

sl eeve for nggang power to said snall-size antenna upon putting back.

41. A telescopic whip antenna as claimed in claim 40,
wherein said board comprises the flexible board, said
electrode pattern comprising a meander line pattern formed
on said flexible board, said small-size antenna being in
the form of said flexible board formed thereon with said
meander line pattern, said flexible board being wound into
a cylindrical shape and fixed.

42. A telescopic whip antenna as claimed in claim 40,
wherein said board comprises the flexible board, said
electrode pattern comprising a sawtooth line pattern formed
on said flexible board, said small-size antenna being in
the form of said flexible board formed thereon with said
sawtooth line pattern, said flexible board being wound into
a cylindrical shape and fixed.

43. A telescopic whip antenna as claimed in claim 37,
wherein said board formed thereon with said electrode
pattern is fixed by soldering or under pressure to a sleeve

for feeding power to said small-size antenna upon putting

back. ) -
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