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DESCRI PTI ON ANTENNA ASSEMBLY AND A MOBI LE RADI O APPARATUS

USI NG THE SAVE Technical Field ' This invention relates to an
ant enna assenbdzssedi ch can be retracted in a housing of a npbir)yPediReie
apparatus. Background Art A nobil e radi o apparatus such as a
portable radio receiver, a portable radio transceiver, a portable wreless
comuni cation termnal, and a portable tel ephone set, for exanple, a

cel lular phone set, a PHS (Personal_Handyphone Systen) tel ephone set, or
the like is prOV|ded with an ant enPBSCGBEBRBOY so as to transnit and/or
receive radio signals. A known type of the antenna assenbly is
retractably attached to a housing of the radio apparatus, typically, a

portabl e one such p t enna
assenbly of the ty%grébzﬁa&gﬁ%%gx &hﬁFgoﬂsgIgg %&IPRAFE%?QE I ncl udes
a first antenna portion, secong §#§d§ Eﬁﬁ#gon connected to the first
antenna portion, and a holder fitt aroun e second antenna portion so
that the second antenna portion is slidable through the holder. The hol der

I's connected to a transceiver circuit in a housing of the portable
t el ephone set. The hol der serves to nechanically attach the antenna

This invention relates to an antenna assembly which
can be retracted in a housing of a mobile radio apparatus.
Background Art

A mobile radio apparatus such as a portable radio
receiver, a portable radio transceiver, a portable wireless
communication terminal, and a portable telephone set, for
example, a cellular phone set, a PHS (Personal Handyphone
System) telephone set, or the like is provided with an
antenna assembly so as to transmit and/or receive radio
signals. A known type of the antenna assembly is
retractably attached to a housing of the radio apparatus,
typically, a portable one such as the portable telephone
set.

An antenna assembly of the type is disclosed in JP-A
3-245603 (Reference I) includes a first antenna portion, a
second antenna portion connected to the first antenna
portion, and a holder fitted around the second antenna
portion so that the second antenna portion is slidable
through the holder. The holder is connected to a
transceiver circuit in a housing of the portable telephone

set. The holder serves to mechanically attach the antenna
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2 assenbly to the housing of the portable tel ephone set and serves as an

el ectrical contact for the first and the second antenna portions.

The first _antenna portion conprises a helical antenna elenent, an antenna .
top formed”By”p1*8&tic nolding to surround the helical ant eRRATBI¥HEM for
t he purpose of protection, and a conductive sl eeve having one end

connected to the helical antenna el enen® and extending in one direction to -
be exposed outward fromthe antenna top. The second antenna portion

| | he second porti o
and” havi ni>SRaBLE (P i AUERY o EY BerRebIpckEtbtAole Rl ahB

j acket tubfapeyeraslahhe1¥btPianl cBBALALEMERE tRePEQLSE! ankhenkhi p ant enna
el enent. The second antenna portion has one end coupled to the sleeve and

t he ot her sacond cantennavwbdbtioagopper to inhibit the antenna assenbly from
droppi ng off fromthe hol der. When the antenna assenbly is in an

ext ended positi dihe fieshohnibenna pootith comprisesastheiibhalhansenpper to
be electrically connected thereto. In this state, the_whip antenna

el enent i s2k#RRRE} cap| nEennacten formad byrpisssigemodfdingi tot hrough the

st opper and the hglggr. 'f- tﬂis manner, _the helical antenna el enent and
the whip SHEERWEC cFRAREI10AhCRRERA BACERBE ServERe(BUFRPERVRTa radio

S R R N N
whi p ant eNidhnected to the helical antenna element and extending in
one direction to be exposed outward from the antenna top.

The second antenna portion comprises a whip antenna
element formed by a conductive wire or thin rod and having
one end fixed and connected to the sleeve, and an insulator
jacket tube covering the whip antenna element to protect
the whip antenna element. The second antenna portion has
one end coupled to the sleeve and the other end provided
with a stopper to inhibit the antenna assembly from
dropping off from the holderx.

When the antenna assembly is in an extended position,
the holder is brought into contact with the stopper to be
electrically connected thereto. In this state, the whip
antenna element is electrically connected to the
transceiver circuit through the stopper and the holder. 1In
this manner, the helical antenna element and the whip
antenna element connected in cascade serves to receive a
radio signal, because the whip antenna element is
electrically connected in cascade to the helical antenna
element connected to the one end of the whip antenna

element.
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PCT/ JP99/ 01926 3 On the ot her hand,
when the antenna assenbly is in a retracted position, the holder is
brought i mvowsasasct with the sleeve. As a result, the whi ppEfliRRTo26

el ement and the helical antenna el enent are sinultaneously connected to
the transceiver circuit through the sl egve and the holder and are
rendered active. In this event, the whip antenna elenent retracted in the
housi ng often badly affects circuit conponents of the transceiver circuit
in the housing. OPn thedother hasidh tiepridn antenna sasgmblndis hin at opper

may be short-circuited in the retr Ct%f osition b use of, for exanple, a
coaxi al st FEEEGEesh RAgditione St%?r %’Et’e?lrﬁr%‘i‘ MEP oFentack efiEr ed
active while th whi ntenpna_i s, eft inactive, as disclosed in JP-A

5 243529 cFeSuERITy A8 BRERSIIE7osbe MRE Stethy Stensnt 4qi th
above- ment %ﬁi‘éaﬁn.ta‘i—m&u-@f t@?&éﬁt ted esixguﬁgﬁaﬂéé%l | L6 SHEQEES! Lol Bfie

el ectric characteristic o e antenna, as a resonance Trequency and

a VSWR (Vokirag@ cedhaitdidiG-diive fiaiduh I e9iecret AR@ N HCHENEER NEnEXT ended

position and the antenna retracted position. In order to solve the
problem aafel Gandereid dtives, ugnalthd sustfrty td walig kenttbdder ence.

However, the matching circuit nmust be carefully designed and adjusted in
order to obkfleamendx s trentted har ddierhausiosg obftdre badynaffissesbly both in
t he antenna extended position and the antenna retracted position. This
circuit components of the transceiver circuit in the
housing. In order to aveoid the problem, the sleeve and the
stopper may be short-circuited in the retracted position by
use of, for example, a coaxial structure so that the
helical antenna element alone is rendered active while the
whip antenna is left inactive, as disclosed in JP-A
5-243829 corresponding to BP-A-2257836 (Reference II).

In the above-mentioned antenna assembly, there is a
large difference in the electric characteristic of the
antenna, such as a resonance frequency and a VSWR (Voltage
Standing Wave Ratio) therecf, between the antenna extended
position and the antenna retracted position. In order to
solve the problem, a matching circuit is usually used to
adjust the difference.

However, the matching circuit must be carefully
designed and adjusted in order to cbtain excellent
characteristics of the antenna assembly both in the antenna
extended position and the antenna retracted position. This
requires much time and labor.

There is also known in the prior art, for example, US

Patent No. 5,204,687 (Reference III) and JP-B-2646505



requires nuch tinme and | abor. There is also known in the prior art,
for exanple, US Patent No. 5,204,687 (Reference IIl) and JP-B-2646505

WD 99/ 53566 . ' PCT/ JP99/ 01926

4 (Reference IV2 anot her structure of the antenna assenbly where the, .
conduct or WR¥/338% he whip antenna el enent is not el ectri caPFY/TRBARESt ed
with the helical antenna elenment but is insulated therefrom In the
structure, the whip antenna el enent is4reliably disabled in the retracted
Wi t hout use of a special support structure such as the coaxial structure

as shown i ppBeéeEsEEerY) -albihsr LheulbiPe 8Pt eNBARLEHRA! aQBLYLSGM Ves for

receiving the radio signal 1in the extended condition because the  heli cal

antenna elosbatthe condweger £6AN&st €Het fhipeahebdnh. element LB fotail,
Ref erence 1V discloses a dielectric joint nmenber of a generally rod shape
whi ch i s ssbtectdicallbyecemmiectadredtht thehbeldpatnednténhheetendatt buntr od of
the whip antenna elenment. The joint nenber is partially covered wth the
conduct i vel 3| eyelated therefromat Imecthe ebreciureorthe whip rantenna
bobbin. A helical coil or the helical @antenna el enent is_wound on the coi
bobbi n an®}eReRbhdcFeliably ndidahlad: ivethpeaptrasked ritBent Bseap
covers on the coil bobbin, the heli oi | glenegggand the, top end

portion of®tHd TRAGR i%%ég?ﬁgvigfﬁégﬁﬁérsﬁ > Bor xGRAFEAL he plastic
L% 00 | HEEIRGIE 89" R 00 nlerbifertinerp ot (PRSIt Ve ol eeve
to the | Qiite RADE]ehiinP! 881y CsdPldbN8okNeebrifingerier rhBid signal

in the extended condition because the helical antenna

element is no longer connected to the holder.

In detail, Reference IV discloses a dielectric joint
member of a generally rod shape which is secured at one end
thereof to the top end of the conductor rod of the whip
antenna element. The joint member is partially covered
with the conductive sleeve and is fitted at the other end
portion with a coil bobbin. A helical coil or the helical
antenna element is wound on the coil bobbin and is
connected to the conductive sleeve. The dielectric cap
covers on the coil bobbin, the helical coil element and the
top end portion of the conductive sleeve together by, for
example, the plastic molding to from the antenna tep. In
the connection, the conductive sleeve and the topend of the
conductive rod of the whip antenna element are fixed to the
joint member by plastic molding the joint member in a
condition where the conductive sleeve and the top end of
the conductive rod are inserted into a mold.

However, the inventor has found out a problem that

the antenna assembly disclosed in reference III and IV



condition where the conductive sleeve and the top end of the conductive

rod are inserted into a nold. However, the inventor has found out a
problemthat the antenna assenbly disclosed in reference Il and IV
WD 99/ 535668V0 99/53566 PCT/ JP99/ 01826/5p99/01926

5 considerably varies in its transmtting/receiving performance in
dependence on the di nension or an axial slength of the joint nmenber.

It is an object of this invention to provide an antenna assenbly
conprising a helical antenna element and a whip antenna el enent

mechani cal |§PRsiderablEa¥arbenecinahlis travemitiliing/sepedatied from each
other so that_the helical _antenna elenent alone is rendered active during
a retract ePSTRTIIRREarD ERRENERRCRNPE khecAiBeBBiRBNOTaRBNA*EEL ender ed

active duri exte d.position wherein an excellent characteristic

can eamI)/%éb?%%]%éegg§nagl$%rﬁﬁﬁPﬁﬁ'of a matching circuit is also easily
per f or med. t; LS | e i ec .S Lav tg_provide a
nobil e radio appa]%%tjﬁés ?/'\n&t -15 géaﬁévg?%%n%?g%%gygﬁt {e:ﬁngggggggngf‘ y attached

to a housi ngh@dnid 6a 898@ By USomp L 8EhGSH! RePichIVaALLARa elemenfCaRkdiLNg tO
this invention, there is provided a nobile radi o apparatus conprising a

radi o transgeip edinténhns Uélem&zhoﬂéhﬂﬁnﬂéﬁﬂﬂ?”oﬂﬁkiaagtbhﬁabﬁdb@.hbkaﬁﬁaei ver
circuit, and an antenna assenbly electrically connected to the radio

transcei verelmctxicabhyl sepatatetioftém backi aghte sbethatr ghktahkicalt he

housing into a retracted position and extendable out of the housing into

an ext ende®ipenng oplement alone is rendered active during a retracted
position and that the whip antenna element alone is
rendered active during an extended position, wherein an
excellent characteristic can easily be realized and
formation of a matching circuit is also easily performed.

It is a different object of this invention to provide
a mobile radio apparatus with the above-mentioned antenna
assembly attached to a housing of the apparatus.
1 r £
According to this invention, there is provided a

mobile radio apparatus comprising a radio transceiver
circuit, a housing accommodating the radio transceiver
circuit, and an antenna assembly electrically connected to
the radio transceiver circuit and mounted to the housing to
be retractable in the housing into a retracted position and
extendable out of the housing into an extended position,
the antenna assembly comprising a first antenna portion, a
second antenna porticn and an insulator joint member
joining the first antenna portion with the second antenna
portion into a linear form to extend in one direction,

wherein:



t he antenna assenbly conprising a first antenna portion, a second antenna
portion and an insulator joint nenber joining the first antenna portion
with the second antenna portion into a linear formto extend in one
direction, wherein: WO 99/ 53566 ) o
PCT/ JP99/ 0 M9 89/53566 6 the fPCEUPesitlerINa
portion conprises a helical antenna elenent having one end as a helical
termnal, an insulator antenna top encl ésing the helical antenna el enent,
and a conductive sleeve connected to the helical term nal of the helical

ant anna fop 10 antis SRt RgURrePA OB kh. SinpEkbRane Heltcdl) fptedtan "

antenna top to an extendl ng en

ant emna, pordl @O REVIAG, ndlbRall el o1 CLETOREAINRAY G "ihB,TAEoRO" T O

fixed with the joint nenhber havi ng the opposite

conduct or  Sieemed topednélod®gOPREShESi VAN PagRdnnandlekhBAt) OhAL genber is
made of insulator material into a rod shape having a first and second
joint end poonductivppabeées ¢onrwacbedt Boer thehRellikal rerfibin&Ndopokhion
being fixed to the whip end portion of the whip antenna el enent, the
second j oi rekicpboantenrndctlemenikeadhd havieg an ekposesdppertliparti on of
the conductive s|leeve, so that the joint nenber has an internediate
portion | ef$*X{RAGERG PWEVRFA Fr@ndtheranbanBr tRE #Ri pnamksendingesndt and
t he extendin end of the conductive sleeve, the internediate portion
having a | et PR PR FIT O range of 4 to 7 mm the conductive sleeve

acting to feed tq.he Jil4St antenna portion comprises a whip antenna

element having a whip end portion fixed with the joint
member and having the opposite whip end, and a conductor
stopper fixed to the opposite whip end; and
the joint member is made of insulator material into a rod
shape having a first and second joint end portions opposite
to each other, the first joint end portion being fixed to
the whip end portion of the whip antenna element, the
second joint end portion being fixedly fitted in the
exposed portion of the conductive sleeve, so that the joint
member has an intermediate portion left between the whip
end portion of'the whip antenna element and the extending
end of the conductive sleeve, the intermediate portion
having a length selected from a range of 4 to 7 mm, the
conductive sleeve acting to feed to the first antenna
portion from the transceiver circuit when the antenna
assembly is in the retracted position, the stopper acting
to feed for the second antenna portion from the transceiver
circuit when the antenna assembly is an extended position.
According to this invention, there is also provided

an antenna assembly which comprises first and second



portion fromthe transceiver circuit when the antenna assenbly is in the
retracted position, the stopper acting to feed for the second antenna
portion fromthe transceiver circuit when the antenna assenbly is an

ext ended powbidoRBsss According to this invention, there i
provi ded an antenna assenbly which conprises first and secon@:ﬁjﬁ&mmm
99/ 53566 . PCT/ JP99/ 01926

7 antenna portions connected to each other through a joint nmenber to
extend in one direction and which is adapted to be retracted and extended,
wher ei n: antennheppirtitnantennacted iton eaxiprtiher dHwhighila adigitna

el enent having one end as a helical termnal, an insulator antenna top
encl osi ng tReTmREr; 8| e#kepAnancragedirestdon anchaldich d.sslagapdesbriect ed
to the helical tgrrri nal, of the, helical antenna el enent and having an
exposed porPPoRetERFERT AGIoBEREPAe r oMbeF @Mt enna top to an extendi ng end
in the one directjQn; «: he second.antenna portion_cqnpri.ses.a whip
antenna el enent %ggiﬁﬁrgtmﬁ?%egﬁa BEFEAER FP?F&RﬁﬁFhat RPGFﬁtanﬁEﬁEEH and
havi ng the gpgRshienW}iRqe cgn : t r.,fixed.tq th

opposite V\:hlép enia; and g Bfle taﬂg chs)i %t wr%é‘h%(r?‘rl ?:S?Q%Eafg‘ealdf alnngﬁ’lsé'\&@rqmr
material iniQtannaOtophane1BayhBIthel heilicald 5%e0nd Jelictengnd | ons
opposite to each othe?, t he firgt jgint end portiongbeing n%pxggﬁiglthe

whi p end pocthdactivehelebirp aschnasted edEihe hehecaaC¥REmidall oFNdHOrtion
being fixedly fitted in the exposed portion of the conductive sl eeve, so
that the johelicaknéntehns ehementr aed aneipgr hinoexpelikied porddon he whi p

extending outward from the antenna top to an extending end
in the one direction;

the second antenna portion comprises a whip antenna
element having a whip end portion fixed with the joint
member and having the opposite whip end, and a conductor
stopper fixed to the opposite whip end; and

the joint member is made of insulator material into a
rod shape having a first and second joint end portions
opposite to each other, the first joint end portion being
fixed to the whip end portion of the whip antenna element,
the second joint end portion being fixedly fitted in the
exposed portion of the conductive sleeve, so that the joint
member has an intermediate portion left between the whip
end portion of the whip antenna element and the extending
end of the conductive sleeve, the intermediate portion
having a length selected from a range of 4 to 7 mm, the
conductive sleeve acting as a feeding portion for the first
antenna portion when the antenna assembly is in a retracted
position, the stopper acting as a feeding portion for the

second antenna portion when the antenna assembly is an



end portion of the whip antenna el enent and the extending end of the
conductive sleeve, the internediate portion having a length selected from
a range of 4 to 7 mm the conductive sleeve.acting as a feeding portion
for the first antenna portion when the antenna assenbly is in a retracted
position, We%¥$¥phber acting as a feeding portion for the sBEBHEIMIBNNA

portion when the antenna assenbly is an WO 99/ 53566

PCT/ JP99/ 01926 8 8 extended position. Brief
Description of EXamAng Fig. 1 is a sectional view of an existing
antenna ass F| g. 2 is a sectional view of an antenna assenbly
accordlng1x$%ﬁﬂ§%ﬁﬂﬁﬁﬁﬁﬁﬁl ‘of this invention; Fig. 3 is an enl arged

sect i onal &5EﬂﬁEl%%uh%#ﬁ%&gﬂﬁﬂggﬁzgﬁgﬂfen first and second antenna portions
of the antenna’i ate g Fig. 4is aviewfor
describing the redgtianshi B idectHEn ﬁeﬁ%@%ferﬁﬁlé@i@é%é&@afeedl ng
function of the antenna assenbly illustrated in Fig. 2; Fig. 5
shows a heldssdmbsiit enna of the antenna assenbly |IIustrated in Fig. 2
before it is enclosed in an antenna top. Best Mdde for Carrying out the

| nventi on Fhigr. ® het teersagidarstlandiewy of amisntenmatassembliescri ption
will at first be nmade about a known antenna assenbly disclosed in
reference [Aoganding i rne qukoriment of this invention;

Fig. 3 is an enlarged sectional view of a joint
member between first and second antenna portions of the
antenna illustrated in Fig. 2;

Fig. 4 is a view for describing the relationship in
length of components related to a feeding function of the
antenna assembly illustrated in Fig. 2; and

Fig. 5 shows a helical antenna of the antenna
assembly illustrated in Fig. 2 before it is enclosed in an
antenna top.

B M £ i h v jon

For a better understanding of this invention,
description will at first be made about a known antenna
assembly disclosed in reference I with reference to the
drawing.

Referring to Fig. 1, the known antenna assembly
depicted at 11 comprises a first antenna portion 13 and a
second antenna portion 15 connected to the first antenna
portion 13.

The first antenna portion 13 comprises a helical
antenna element 17, an antenna top 19 of plastic resin
enclosing the helical antenna element 17 to protect the

helical antenna element 17.



dr awi ng. Referring to Fig. 1, the known antenna assenbly depicted
at 11 conprises a first antenna portion 13 and a second antenna portion 15
connected to the first antenna portion 13. The first antenna
portion 13WOAYFIS6Es a helical antenna elenent 17, an ant en®PETI@py/d1926f
plastic resin enclosing the helical antenna elenent 17 to protect the
hel i cal antenna el enent 17. WO 99 53566

PCT/ JP99/ 01926 In the illustrated

9
exanpl e, the antepna,iop. i r,med_by.insertion plastic | di.ng.
However, the ant eﬁﬁa‘:}l o'bi%s?rﬁffggg 8*8a lﬁéng%‘re 5’&]%“&? SRS 1S i cal
antenna el 1 ; : :1.0 P n L.n i l.t.ches
or defornaf?%ﬂégfg¥hénﬁgfrég? g%?%%ﬁg g@éﬁ%ﬁ"17ﬁég§ﬁe?érEﬁ%ggﬁ%ﬁgh%ntenna
top 19, thetbpl i9ahagnbenaacapeiBiibel? corplRR +RBQY R e 12 Heldridl
bobbin 21 arranged inside. The first antenna portion 13 is provided wth a
conducti ve edément 23.having one end connected to one end of the helical
antenna el enment 17 and the other end exposed outward fromthe antenna top
19 in the one di r&stbpder to avoifleaneewmdranneined igadt pdrtch®sconpri ses a
whip antenna el ement 25 formed by a_conductive wire or rod and having one
end connectd¥feEmakion| afytheshghicalt andenga elementdil’e pom fommdng f ace

tube 27 arrgnged around,the [ aptenna_el enent 25 to protect the whip
ant enna eleﬁ%%ta? ?nn?h5°§e&§ﬂd€§ﬁt ﬁﬁ&cﬁ&rFFGﬁnﬁ?i%}ﬁﬂ%ﬂﬁtiijqﬂﬁﬂkqa

stopper 29 supported by a helical bobbin 21 arranged inside. The
first antenna portion 13 is provided with a conductive
sleeve 23 having one end connected to one end of the
helical antenna element 17 and the other end exposed
outward from the antenna top 19 in the one direction.

The second antenna portion 15 comprises a whip
antenna element 25 formed by a conductive wire or rod and
having one end connected to the sleeve 23 and extending in
one direction, and a face tube 27 arranged around the whip
antenna element 25 to protect the whip antenna element 25.
The second antenna portion 15 is provided with a stopper 29
of a metal which is formed at the other end opposite to the
one end connected to the sleeve 23 and which is
electrically connected to the whip antenna element 25.

Around the second antenna portion 15, a holder 33 is
attached. The holder 33 has an internal spring 31 arranged
along its inner surface so that the second antenna portion
15 is slidable therethrough. The holder 33 is attached to
a housing 7 of a radic apparatus to enable the antenna
assembly 11 to be retracted intc the housing 7. The radio

apparatus has a transceiver circuit 9 in the housing 7.



of a nmetal which is forned at the other end opposite to the one end
connected to the sleeve 23 and which is electrically connected to the whip
antenna el ement 25. Around the 'second antenna portion 15, a hol der
33 1is atggéggg zhe hol der 33 has an internal spring 31 arranged . al ong
Its inner %% so that the second antenna portion 15 i s PEFIEEuae

t heret hrough. The holder 33 is attached_to a housing 7 of a radio
apparatus to enable the antenna assenb%? 11 to be retracted into the
housing 7. The radio apparatus has a transceiver circuit 9 in the housing

7. T 3%&@%56@3 is made of a metal at least the 5;rﬂ%§”§h?%§ﬁ91926
10 The holder 33 is nade of a netal at least the spring 31 and is

el ectrical by eoereeiehlly Cdfindcties &io/ dheC idritidedd vdh Idit@hia feeedi ng | i ne
8. When the antenna assenbly 11 is in a retracted position, the
first antethzopght Bofetdiingeluisgien® .t he helical antenna el enent 17 alone is
exposed outside of the housing and serves to receive a radio signal. At
this time, the Wheayv&hesaptesns assepbdynddctied iro & Fetradteéd ant enna

el ement 17 is _brought intq contact with the internal spring,k 31 of the

hol der 33 BRAIHEFe! P8 Si&sfeanterdd BAFTIPR dot iHYBAT el i cal
a0, G5 Tl oA, S NRITR BRI Sl g 1
assenbly i foli8id %ﬁeg@eg ot 'r%@eivteheé %:%a%ﬁ ersi%ﬁ. th@. Q’hl]t!gr tg_&g,of

0
t he second antenfia portion 15 serves as a feedi ng i on in cont wth

the interggk 38ELVR 35 AeiBhAY cidmddtdy W HELHA TR ntenna

element 17 is brought into contact with the internal spring
31 of the holder 33 and therefore, serves as a feeding
portion for the helical antenna element 17. In addition,
the antenna assembly 11 is held and fixed by the internal
spring 31 when it is retracted.

When the antenna assembly is in an extended position,
the stopper 29 at the other end of the second antenna
portion 15 serves as a feeding portion in contact with the
internal spring 31 of the holder 33, like the sleeve 23 in
the retracted position. Again, the antenna assembly 11 is
held and fixed by the internal spring 31 when it is
extended.

Now, one embodiment of this invention will be
described with reference to Figs. 2 through 5, in which
radio apparatus is omitted because it is similar to that in
Fig. 1.

Referring to Fig. 2, an antenna assembly 35 according
to the embodiment comprises a first antenna portion 37 and
a second antenna portion 41 connected through a joint

member 395 of an insulator such as plastic resin to the



the retracted position. Again, the antenna assenbly 11 is held and fixed

by the internal spring 31 when it is extended. Now, one enbodi nent
of this invention will be described with reference to Figs. 2 through 5,
in which ra@i%/s3eparatus is omtted because it is simlar t®GIARDIDING Fi g.
1 Referring to Fig. .2, an antenna assenbly 35 according to the

enbodi ment conprises a first antenna portton 37 and a second antenna
portion 41 connected through a joint nenber 39 of an insulator such as
plastic resipn to th WO 99[53566

PCT/ JP99/ 015988t antenna portion 37 11 first antenna portion 37.

T ot eona oo arheT ELED Sn POHRL| 68 Rall°57C RongfRLERS iRl 19 a0

an antenna top 45 énclosrn I Ca enna enen O protect t he

helical antgppanngl giBRbn#343! NahRCah! butndke dcpXaBPlepc1da i tana top 45

e
is formed by iInsertion plastic nolding. However, "the antennatop 45 may be
a cap nmenbepe{calphAtbhfial 83bflentodpl €d padtar thelhieC dleldiadn an tirgr@ent 43.
In order to avoid an error of helical pitches or deformation of the
hel i cal antebsmertedBnt T3 theniibustngtetfihexampiaenathepanSennbethpl #bal
antenna el enment 43 may be supported by a helical bobbin 47 arranged
i nsi de. Theisffosmednbynhnsgstironplasitd cpmediddag -wi Havavesndtbei ve sl eeve
49 havi ng one end connected to one end of the helical antenna el enent 43
and the ot hertenpgackppsdd M3yt REr @ FAENTERRSH O RIGF F m8SH e one

di rection. .
coupled to the helical antenna element 43.

In order to avoid an error of helical pitches or
deformation of the helical antenna element 43 upon forming
the antenna top 45, the helical antenna element 43 may be
supported by a helical bobbin 47 arranged inside. The
first antenna portion 37 is provided with a conductive
sleeve 49 having one end connected to one end of the
helical antenna element 43 and the other end exposed
outward from the antenna top 45 in the one direction.
Therefore, the sleeve 49 has an exposed portion and an
extended end as the other end.

The second antenna portion 41 comprises a whip
antenna element 51 formed by a conductive wire or rod and
having one end connected to the sleeve 49 through the joint
member 39 and extending in the one direction, and an outer
jacket tube 53 of an insulator covering the whip antenna
element 51 to protect the whip antenna element 51.

As best shown in Fig. 3, the whip antenna element 51
is provided with a head portion 55 formed at its one end
within the joint member 39. The head portion 55 is formed

by deforming process such as staking or swaging and is at



Therefore, the sleeve 49 has an exposed portion and an extended end as the
ot her end. The second antenna portion 41 conprises a whip antenna
el enent 51 forned by a conductive wire or rod and having one end connected

to the sl e@/§%9§5%5§6hr ough the joint nenber 39 and extendi ng ‘ﬁ{@?’ﬂgﬂﬁm )

di rection an outer jacket tube 53 of an insulator cove

antenna elenent 51 to protect the whip,antenna el enent 51. As best
shown in Fig. 3, the whip antenna el ene 51 is provided with a head
portion 55 forned at its one end wthin the joint nenber 39. The head

portion 55 Jgadtorpmeeidniyiefaatdly v of eEadHAT hadbestakhNghah awagi ng and

i s at WD 99/ 53566

PCT/ JP99/ 0h8aining portion of the whip anteri@a ékeménbpablially greater in
a radial direction than a renaining portion of the whip antenna el enent

51. At er e iernativedys hdgre grad d?PlSGl%yS%aro%yahewu adeytindrieape
greater ﬁépe radi al, direction tk&;ii of , t he renalnlng gortlon of the
whi p anten ane Rt %91?”&3”? %ﬂ £330 Hpan PRathe dtB%rtion 55

is integrall fornmed wit ani enna b for
A ternat ve"i%na’tlﬁél%é’ i 1o e i B s il S e RbnEs e o
R e MY o T o S S R St ?'tZ”FStthe
one end com¥¥&Rd v;iocﬂ hend Girip r&{mané% % éé@@ﬁﬁin%@técé@é”ecj and
electrically connected to the mhlp antenna el enent A hol der 61
W th an i ntAdrtenspivaly > kied angepat€ign 55 may be a separate

component of an annular shape which is fixed to the one end

of the whip antenna element 51.

At the other end of the whip antenna element 51
opposite to the one end connected to the joint member 39, a
stopper 57 is formed and electrically connected to the whip
antenna element 51.

A holder 61 with an internal spring 59 arranged along
its inner surface is fitted around the second antenna
portion 41 so that the second antenna portion 41 is
slidable through the holder 61. The holder €61 is attached
to a housing (7 in Fig. 1) of a radio apparatus and enables
the antenna assembly to be retracted into the housing. The
holder 61 is also made of metal at least the spring 59,
like the known antenna assembly.

When the antenna assembly 35 is in a retracted
position, the helical antenna element 43 alone is exposed
out of the housing and serves to receive a radio signal.

At this time, the sleeve 49 electrically connected to the
helical antenna element 43 is brought into contact with the

internal spring 59 of the holder 61 to serve as a feeding



its inner surface is fitted around the second antenna portion 41 so that
the second antenna portion 41 is slidable through the holder 61. The

hol der 61 is attached to a housing (7 in Fig. 1) of a radio apparatus and
enabl es t MeOamsI(ha assenbly to be retracted into the housi F&T/IPR019%®| der
61 is also made of netal at |least the spring 59, I|ike the known antenna
assenbl y. When the antenna assentdy 35 is in a retracted position,
the helical antenna el enent 43 alone is exposed out of the housing and

erves to recej di ' | .. At . this ti.ne, th I .el.ectricall
ionxeited tBP?ﬁ%gnﬁgﬁgcﬁgEZﬁg@ﬁﬁaleFBﬁ?H?%4§43§%8Fbﬁg'telﬁféé§6§%§§ver?h Y
th i nt ' 9 hqld t f ' WO
he LNl erN@leSRhtLAn2%28behiey 3508k Ghe' Bt ol bdi%8dlds held

13 portiognfoE;Lh8 B khadl iaREeRRA @pedamey 583. In addition, the antenna
assenbly 35 1n the retracted position is héld and fixed by the internal

spring 59. wHlgnthbeanrbanaaaaseably 335 iiss inn amn extesraded posi tion,
the stopper 57 formed at the other end of the second antenna portion 41
serves as apbegdiog,pthei stoppercsit Lormad lat Hhe mitdraralersprafh s of t he
hol der 61, like the sleeve 49 in the retracted position. Again, the

ant enna asseebbpd3snitennpepextinted lpEsimiasm ass shdlapding HISdEPb iR he
i nternal sprin

resin mat e?PEgagg-r %@b@?lga%%ﬁ%%b% ?asrgﬁjl‘%e dei"&‘fﬁgoﬁﬁﬁgﬁ%i \(;re
Joins the S{:ﬁgv‘.(?f.llelt.%vvevi t4t§ grr]xe t?xgd r%ftrtarc]:%esae%%nsdition. Again, the
antenna assembly 35 in the extended position is held and
fixed by the internal spring 59.

The joint member 39 is made of a nonconductive resin
material formed by insertion molding and mechanically
connects or joins the sleeve 49 with one end of the second
antenna portion 41.

Specifically, as best shown in Fig. 3, the joint
member 39 is made of a plastic resin (generally, nylon
resin) and connects the first and the second antenna
portions 37 and 41. By the joint member 39, the sleeve 49
of the first antenna portion 37 and the head portion 55 at
the one end of the whip antenna element 51 of the second
antenna portion 41 are mechanically fixed with a distance L
left between the extended end of the exposed portion of the
sleeve 49 and an end of the head portion of the whip
antenna. The distance L is selected between 4 and 7 mm in
the following reason. Specifically, in order to avoid
mutual interference upon operation of each of the first and
the second antenna portions 37 and 41, it is preferred that

the distance L is as great as possible. However, if the



antenna portion 41. Specifically, as best shown in Fig. 3, the joint
menber 39 is nmade of a plastic resin (generally, nylon resin) and connects
the first and the second antenna portions 37 and 41. By the joint nenber
39, the sl gRy8y4f3ss Of the first antenna portion 37 and the heag,payidibRN 55
at the one end of the whip antenna el enent 51 of the second antenna
portion 41 are nechanically fixed with ggdistance L |eft between the
extended end of the exposed portion of the sleeve 49 and an end of the
head portion of the whip antenna. The distance L is selected between 4 and
7 mMmmin tHiistaneailngis cbeongrSpeci rechihycalnsordagthoiavoi d nut ual

i nterference upon operation of each of the first and the second antenna
portions 37EARRYHcally degrerseded ThantabevR-ReRtipred |Xangesigyreat as

possi bl e. ver, if the 99/ 53566
bCT/ JPoo] 0 fiermined on' the tradectr begwee“1&“&“‘5‘?3%el’EtFEf?BSnﬁFeat,

nechanicaJléﬁ%;¥#§{kéﬁ??g%g%?Fégé%%%tggcreased. The above-nenti oned range

is determne én'the nutual interference and the

mechani cal strengifiough compd¥LLOhe COIPRL oL iVR LRS! SiMbhBibRE FENPRSI ons

of the nechanical conponents kept unchanged, the present inventor ave

confirmed tiecHanieyl "Gomddidént$s, k¥PENuABRaflGéEANERelprBefi§UahvbALtdEM the
resonance frequency in the retracted position is reduced by several tens

of negaher tlawes canfixmed the hfdhkovwisg. Wikhat tie, dilsdraniches ldistaqmILto
4nmm or nore. Thus, occurrence of substantial interference has been
confirmed vikerequel diatdmee the stezenanpanfreguency in the retracted

position is reduced by several tens of megahertz as
compared with the case where the distance L is equal to 4mm
or more. Thus, occurrence of substantial interference has
been confirmed when the distance L is less than 4mm.

Furthermore, selecting the distance L within the
above-mentioned range (4 to 7 mm), ideal dimensions of the
respective components have been investigated., As a result
of the insulator breaking test and the whip antenna bending
test, it has been confirmed that, for use as PDC (Personal
Digital Cellular) using 800 MHz, the outer diameter D2 of
the whip antenna is preferably between 0.5 and 1 mm.

As a result of the tensile test and the dropping test,
it has been confirmed that each of the outer diameters dil
and d2 of the sleeve 49 and the stopper 57 is preferably
between 2.5 and 3mm, as illustrated in Fig. 4.

With the above-mentioned structure, it is possible to
assure the characteristics at least as equivalent as those
of the typical antenna assembly.

Referring to Fig. 5, if the helical antenna element

43 has the outer diameter D1 between 5 and 6 mm and the



Furthernore, selecting the distance L within the above-nentioned range (4
to 7 nmm, ideal dinensions of the respective conponents have been

i nvestigated. As a result of the insulator breaking test and the whip

ant enna beM¥PAYS356&st, it has been confirned that, for use a$CPERIYH&GOoNal
Digital Cellular) using 800 MHz, the outer dianeter D2 of the whip antenna
Is preferably between 0.5 and 1 mm 15 As aresult of the tensile test
and the dropping test, it has been confirmed that each of the outer

dianmeters dl . _and d2.of.the, sl eev 9 st R D7 i ref.erably
betveen 2. ovindiSg pifin: BIERERER, 17 80 4 I SRR o il
above-ment | gpednah! BAbULRekl sk3 ROTADIR IbeaAtHY.C the characteristics at

| east as equivalent as those of the typical antenna assenbly.

Referring to Fig.wbthi thehabbobi-mahtabhednateheRite, 4hehaliikalout er
di aneter D1 between 5 and 6 mm and t he WD 99/ 53566

PCT/ JP99/ 018A6enna element 43 is independentliS rendexdichgqiiitveh i bHeveen 1
and 3 mm excellent helical antenna characteristics can be obtai ned.

Wth the abvetrastedopeditirncwivide tthe hblip @ntepmee®iemandndidt 48 is

i ndependent|y rendered_active in the retracted position while the whip

ant enna el eifeprsndeatlyngepépaes: A tided dre dhectgxtended RO&IORted
position. Thus, t ctri,cal cggracterLsths of _ two antennas 43 and, 51

can be freef§4&on glg gc_ﬁlFﬁ&tc AR WG A% T SRS _?Qﬁned.
BY 201 U5E1 16y B! ERUBRA (BB LIIP o AEENED R MO LAl oot
ant enna readily be formed. By adjusting the frequencies of the two
antennas 43 and 51 to be different from each other, the
antenna assembly can be used as a two-resonance antenna
switched by extension and retraction of the antenna
assembly.
As far as each of the length of the exposed portion
of the sleeve 49 which is to be contacted with the holder
61 and the length conductive portion of the stopper 57
which is to be contacted with the holder 61 is equal to or
greater than the length of the holder 61 as shown in Fig. 5,
the effect of this invention can be achieved. Taking into
account the reduction in weight, these lengths are
preferably equal to each other.
The antenna assembly is attached through the holder
to the housing of the mobile radio apparatus (not shown),
such as a mobile telephone apparatus and is electrically
connected to a transceiver circuit of the mobile radio
apparatus.

As described above, desired characteristics can

readily be obtained according to this invention both in the



swi tched by extension and retraction of the antenna assenbly. As
far as each of the |length of the exposed portion of the sleeve 49 which is
to be contacted with the holder 61 and the |ength conductive portion of
the stoppeggoos:¥dsi ch is to be contacted with the holder 61 J o' of
greater than tﬁey\?‘ength of the holder 61 as shown in Fig. 5,1;6?%9@*91‘2%& of -
this invention can be achieved. Taking 'gto account the reduction in

wei ght, these lengths are preferably ea al to each other. The
antenna assenbly is attached through the holder to the housing of the

mobi | e r adiektpiRidtaiil (1R Eiddhted LI tHiSords OIS ,t alhepReitena@par at us
and is electrically connected to a transceiver circuit of the nobile radio
appar at us. assemblyA>filddds hedreattoicey ide sxasl ldretr aot echatackexbsticeadi |l y
be obtai ned according to this invention both in the WO 99/ 53566
PCT/ JP99/ 08gs easy in formation of the matchimgy cim@wifled IIn@ddidion,
retracted positions. .Thus, the anten assenbly of this invention is
Cxcellent B diaPRASIHLS 10 BRAPisR,ihe ShaHRS AP SRt Re TREGh TRP & cui t
In addition, it i.S.possible o provide .the ante assenb) i ch_has a
single int 3@'1"%1 eo&(?y S lv\/rﬁoc i%cga'gélb‘fhe "ot %S%E%:r?? nggft%ly%h:,\??ér%%?
charact eri g LR A AL I & HAF I bns ] SIUMA | AL ADPLIGRDI | ity

As descri be f?% t he foregéﬁ%@, t:z aﬁ%@nna gg%é%gly according to this

invention izsasirila1adon sadenNnsed 0 be
As described in the foregoing, the antenna assembly
according to this invention is useful as an antenna to be
attached to the housing of the mobile radio apparatus for
radio communication. The mobile radioc apparatus with the
antenna assembly is useful as a mobile telephone apparatus,

a radio communication apparatus, and so on.



attached to the housing of the nobile radio apparatus for radio
communi cation. The nobile radio apparatus with the antenna assenbly is
useful as a nobil e tel ephone apparatus, a radi o conmuni cation appar at us,

and 'so on. W0 99/53566 WO 99/ 53566 PCT/JP99/01926
PCT/ JP99/ 01926 17
CLAI V5 1. A nobile radio apparatus7?7conprising a radio transceiver

circuit, a housing acconmobdating the radio transceiver circuit, and an
antenna assenbly electrically connect&cai#}g the radio transceiver circuit
and mounted to said housing to be ret Ble in said housi ng into a

ret racted position Al i I & OUppLrathd POHSLDGLRG R -BR38x! ended

position, sai d anténna asse Iy (640) ant €nna pOftIOﬂ a

second ant eeﬂéneeéiveg amécamt Iasnbah%g ad&mldgoméwg:amod first
ant enna portlon with said second ant enna portlon into a |linear forn1to

extend in oppaflbeasibenNcivbaie) Nand an antRinha iasfendliveRleqiaridadly
conprises a helical antenna elenent having one end as a helical termnal,

an insul atesnaateadatbophenchdibngranaisteisiac alimmtidnrand aoamded tand a
conductive sleeve connected to said helical termnal of said helical
antenna el epdhd haushngi bg he rexpeséabier tirowadd ARAHRDHWE & from sai d
antenna top to an extending end _.in said one dlrectlon sai d second

ant enna por¥fbR2EEAFr Pe8itaoRhRrpdaRitsRlabdie ‘#a\ﬂar?gi WAL AP ti on
[1xed Wih 381 Sykohlly EBUDEL o002 A0 die ol e S °

first antenna portion, a second antenna portion and an
insulator joint member joining said first antenna portion
with said second antenna portion into a linear form to
extend in one direction, wherein:

said first antenna portion comprises a helical
antenna element having one end as a helical terminal, an
insulator antenna top enclosing said helical antenna
element, and a conductive sleeve connected to said helical
terminal of said helical antenna element and having an
exposed portion extending ocutward from said antenna top to
an extending end in said one direction;

said second antenna portidn comprises a whip antenna
element having a whip end portion fixed with said joint
member and having the opposite whip end, and a conductor
stopper fixed to said opposite ﬁhip end; and

said joint member is made of insulator material into
a rod shape having a first and second joint end portions
opposite to each other, said first joint end portion being
fixed to said whip end portion of said whip antenna element,

said second joint end portion being fixedly fitted in said

* C L M s *



said joint nenber is nmade of insulator material into a rod shape having a
first and second joint end portions opposite to each other, said first
joint end portion being fixed to said whip end portion of said whip
Sgitgnna el %%36 /ggg(sgecond joint end portion being flxedlyc{,/‘lnggtgle{s’ggzlsn-
PCT/ JP99/ 01926 18 exposed portion of said
conductive sleeve, so that said joint fEmber has an intermediate portion
| eft between said whip end portion of said whip antenna el enent and said

ext endi Ng ghdted Pk GBH USH | 3481 & | Y RucBRrSl $TUSFIPdAtnaOs4ign havi ng
a length selected froma range of 4 to 7 nm said conductive sleeve acting
to feed to jzdint Memdermianren Jrotdtumed 108N eu € i ANSLE i Betwsen Ceaidwhen
said antenna assenbly is in the retracted position, said stopper acting
to feed fowhid ersk@artion ahsgist tvlukp fankenna celememt cad esatdrcuit when
said antenna assenbly is an extended position. 2. A nobile radio

appar at us &xtendingy 9nf Qhisaid coptehive A1PeR erfRidsRbSFRedAbRi ses a
hol der fitted . .aroynd said i p.ant enna eufqﬁ$t so that said m?ip ant enna
ol emont  and EHET T MSITE ST RHE (HTdh TP ol hetol h B,

| engt hwi se Qi1 £61 Q0 &k Sﬁ&mlad&iﬁl&g fi%&egcjf Y @%%fﬂs&oﬁ{%gm

housi ng t o “SUPPOTL Sal d antenna - assentl y-_ sard hol der naviny an axi al

hol der | engddyangh s rdip! £lefq | ¥ s U ARPE 641 AR DAY $af@slvedhyg feeding
portion thérein electrically connected to said transceiver circuit,

wherei n saixbsupISeA P | He Heotaicbad i tien, SL0Y s teSpan axtahgl ength
and an outer dianeter

to feed for said second antenna portion from said

transceiver circuit when said antenna assembly is an

extended position.

2. A mobile radio apparatus as claimed in claim 1,
wherein said antenna assembly comprises a holder fitted
around said whip antenna element so that said whip antenna
element and said joint member are slidable through said
holder in a lengthwise direction, and said holder being
fixedly mounted to said housing to support said antenna
assembly, said holder having an axial holder length and a
holder inner diameter and having a conductive feeding
portion therein electrically connected to said transceiver
circuit, wherein said exposed portion of said conductive
sleeve has an axial length and an outer diameter
substantially equal to said axial holder length and said
holder inner diameter, respectively, said stopper having a
conductive portion of an axial length and an outer diameter
substantially equal to said axial holder length and said
holder inner diameter.

3. A mobile radio apparatus as claimed in claim 2,

TR 0 0 T



substantially equal to said axial holder Iength and said holder inner
di aneter, respectively, said stopper having a conductive portion of an
axial length and an outer dianeter substantially equal to said axial

hol der |'engkb samasssai d hol der i nner di aneter. 3. A noig¥/erwarie
apparatus as clainmed in claim 2, WO 99/ 53566

PCT/ JP99/ 01926 19 19 wherein said hol der inner
dianeter is selected froma value between 2.5 and 3 mm 4. A nobile

radio apparatus as clainmed in claiml1, wherein said whip antenna el ement
i s provi decwherein fahd hpdderoinpernddagetes dswfedest®Hh &R ve@diu® head
portion at least p réially greater in a radial direction than a remnaining
portion of E%ﬁﬁ?ﬁﬂi%‘ ntBfnd Bfenent, said head portion being fornmed by

swagi ng or staking. » mob%%%8$%%ﬁ€gggﬁkﬁgﬁﬁnggyﬁygiﬁﬁdggﬂp&iggﬁ iirst and

second antenna portipns (0] _ _ er throug jornt menber to
extend in %@eﬂaﬁpgwa #RfpVaheBnha 3@aRNA] ils0 R vitldeiiath anthed ended,

wher ei n: said first antenna portion conprises a helical antenna

el ement havhHgLPsR £8¢ma8 athehiaakhigr @ndporaiion Neaial Gleadh pyyta.drop
encl osing said helical antenna elenment, and a conductive sl eeve connected

to said helataleaserpaptliadlysgirdahelri dal aantachied diswstticendheaviang an
exposed portion extending outward fromsaid antenna top to an extending
end in sai dremaidingcppohion of saidi whircantenmee fienent i GrichhRakes a
whi p antenna
portion being formed by swaging or staking.
5. An antenna assembly which comprises first and
second antenna portions connected to each other through a
joint member to extend in one direction and which is
adapted to be retracted and extended, wherein:
said first antenna portion comprises a helical
antenna element having one end as a helical terminal, an
insulator antenna top enclosing said helical antenna
element, and a conductive sleeve connected to said helical
terminal of said helical antenna element and having an
exposed portion extending outward from said antenna top to
an extending end in said one direction;
said second antenna portion comprises a whip antenna
element having a whip end portion fixed with said joint
member and having the opposite whip end, and a conductor
stopper fixed to said opposite whip end; and
said joint member is made of insulator material into
a rod shape having a first and second joint end portions
opposite to each other, said first joint end portion being

fixed to said whip end portion of said whip antenna element,

said second joint end portion being fixedly fitted in said

TR )



el ement having a whip end portion fixed with said joint nenber and having
the opposite whip end, and a conductor stopper fixed to said opposite whip
end; and said joint menber is made of ‘insulator material into a rod
shape having a first and second joint end portions opposite to each other,
said first g’&??fsﬁﬁﬁd portion being fixed to said whip end paraiamsnfesai d
whi p antenna el enent, said second joint end portion being fixedly fitted
in said WD 99/ 53566 20

PCT/ JP99/ 01926 20 exposed portion of said

conduct ve skeaifa oak 3 GBIl MLER! Y 2Ls porton

| eft between end pof

extending e5digk saBecORIYChLY Sttty Y Gt IUA! o hlUdd YL figVi N
a length selected froma range of 4 to 7 mm ~ sald conductive ST eevé acting
as a feedi nghfpr ehAnpbeticn ¢f baish wHiEe iRl icenda) i G814 enna

assenbly is in a retracted position, said stopper acting as a feeding
portion forex&enddingorddaptesaady aonidne tilven siaedregntserinh irmaddiates an
ext ended position. ) 6. An antenna assenbly as clained in claimS5,
wher ei n sai BOAREERNB2AYIBENB }enaidr isedeckedofdom & maage mbundesd duwhi p
antenna el enent so that said whip antenna elenent and said joint nenber
are slidabl 8t GORAUSkiye RePE¥P ASHANg.AG RAntaeddnte POrdiions foF Isalidhr
havi ng an i hal der | en %ﬁ and.a hol der inner dianeter, and having a
conducti ve ?é@ %nﬁnggFPFoﬁ?g QPeVHegaFBJ§&ﬁﬂgﬁﬁnﬁoPﬁ%ﬁﬁ%¥¥ ISl 2
conductive glLeeye+Bas,a0:a%bal % ggt n_out.er i er..substantially
equal to said axia hgﬁger Fehg % Qt%@%e@ A@%ﬂ%g A% %U%%edlng

portion for said second antenna portion when said antenna

assembly is an extended position.

6. An antenna assembly as claimed in claim 5,

wherein said antenna assembly comprises a holder fitted

around said whip antenna element so that said whip antenna

element and said joint member are slidable through said

holder in a lengthwise direction, said holder having an

axial holder length and a holder inner diameter and having

a conductive feeding portion, wherein said exposed portion

of said conductive sleeve has an axial length and an outer

diameter substantially equal to said axial holder length

and said holder inner diameter, respectively, said stopper

having a conductive portion of an axial length and an outer

diameter substantially equal to said axial holder length

and said holder inner diameter.

7. An antenna assembly as claimed in claim 6, wherein

said holder inner diameter is selected from a value between

2.5 and 3 mm.
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and said hol der inner dianeter, respectively, said stopper having a
conductive portion of an axial length and an outer dianmeter substantially
equal to said axial holder length and said holder inner dianeter.

7. An antenwesesssebly as clainmed in claim6, wherein said I r

di anmeter is selected froma value between 2.5 and 3 nm HQHQﬁ%E@RHE
99/ 53566 21 PCT/ JP99/ 01926

21 8. An antenna assenbly as clained in claim5, wherein said whip
antenna elenment is provided with a head portion fornmed at said whip end
portion, said hed pdn iamterga |asasmpy tasldlaimedtin caimriadi a
direction than a renmining portion of said whip antenna el enent, said head
portion bei'RPFSIMeRLG Wik aternat qkepgnt is provided watbneahaedenbl y
as clainmed_in clai ein said helical antenna el enment has an outer

_ n}_ 5, e X X
di aneter RN SFAFRE 3 " MRJIPRG BPELACBet fRdfA BeadgPeTrien
o “ro S BEFE YO ) LBERD S L s LB TEL P e
remaining portion of said whip antenna element, said head
portion being formed by swaging or staking.
8. An antenna assembly as claimed in claim 5,
wherein said helical antenna element has an outer diameter
between 5 and 6 mm and a winding pitch between 1 and 3 mm.
10. An antenna assembly as claimed in claim 5,

wherein said whip antenna element has an outer diameter

between 0.5 and 1 mm.
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