; OPe3eFd (6RT177 January 2004 1 ANTENNA HAVI NG A HELI CAL ANTENNA ELEMENT
EXTENDI NG ALONG A CYLI NDRI CAL FLEXI BLE SUBSTRATE Backgrqud of tEs
Invention: This invention relates to an antenna for use 4 HaRUABLEPQ4

comuni cati on apparatus such as a nobile tel ephone set and, in particular,
to an antenna in which an antenna base gl enent arranged in an antenna top
has a flexible structure. As a conventional antenna of the type, use is

- typically made of a helical antenna and a separate antenna conprising the
hel i cal antenna. For exanple) the helical antenna is manufactured in the
foll ow ng manner. At first, an antenna base elenment is prepared which has a
one-end portion provided with a helical coil guide nmade of a nonconductive
material and the other-end portion coupled to a sleeve nade of a conductive
materi al. The sl eeve ANEBENNA|BAVENG ok | BELICALPANEENRA ELBMENEd a f| ange
portion and serves as a feeding portion. Then, a helical antenna_ el enent
havi ng an ant ennEXTENRING ALONG A\ EYLENPRIEAL FREXTBLE cSVBSTRAEE and is
brought into contact Wth the flange portion of the sleeve so as to be
electrically fed fromthe sleeve. Finally, in order to protect the helical
antenna el enment and to inprove a commercial value in design, an antenna top
is nolded to cover the one-end portion of 7 January 2004 2 the antenna

base el enrent and %?%ﬁ%£° 8§ ggr&hgﬂgﬁkﬁﬁgggikeeve. By the use of the
above-nentioned a pase el enent, e Separate antenna i s manufactured.

Specifically, a whhpsapheéBneisherBihtes WBCRaNaatehral ieveduke tile 20t her - end
portion of the antenna base el enent before the above-nentioned antenna top
is nol ded. Adbe1éNcEmmahlicathienWappagatresnauehea®na idbdlepaelegphand ts one
end by an insulator form ng a body of the antenna base el enent and

ext endi ng téevdughdaninnpartbondact theasl earenn@hdnhehichl aanwaarhenns enent
is screwed onto the helical coil guide and is brought into contact Wth the
fl ange porthase otlenent| acyangedadnt gnpanseaser tORl bast 8d tlegibdife s| eeve.
Thereafter, the antenna top is nolded to cover the one-end portion of the
ant enna basBtERERRRE-and t he flange portlon Subsequently, the Wip antenna

element is covere mnth r ot cg Qn and s rt .appearance.
Around the face t ﬁpﬂgfﬂgioPg a??ggﬁg g é P8aBfe on t he
out er per'pgféféafgffﬁ§§?ogft?ehgiggaiu Ete@PQtQBHGE E%PQEE%QhQQtEQn he

whi p antenn he” ot her en ere opposite To the one end fixed
to the 'nSUé&ﬁ%lfi-mantﬂanﬂéi%aieaai:ehhs herbsabxappEaNare hEeiseparate
ant enna described above is required to screw the helical antenna

el ement of anpemeet £&Mmasdradcaaeear ianthet Folhewingl mannkrguiale. £Dnstng any
operation in the overall manufacturing process up to the formation of the
ant enna topan témetédmha coksanetement| dseprepayefiewhatbr had or odesphdced under

sonme external force. In this event, 7 January 2004
portion provided with a helical coil guide made of a

nonconductive material and the other-end portion coupled to
a sleeve made of a conductive material. The sleeve has a
sleeve-helical coupling portion and a flange portion and
serves as a feeding pértion. Then, a helical antenna
element having an antenna function is screwed onto the
helical coil guide and is brought into contact with the
flange portion of the sleeve so as to be electrically fed
from the sleeve. Finally, in order to protedt the helical
antenna element and to improve a coemmercial wvalue in design,

an antenna top is molded to cover the one-end portion of



_;_antenna characteristics will 6c¢c adversely affected. In order to avoid
t he above-nentioned situation, the size of each of the heljcal arbt na

el enent and the helical coil guide is accurately selecteg Yaryt éﬁ%a
helical antenna element is exactly fitted to the helical coil guide to be
prevented from easy novenent out of its oper position. However, in order
to fit the helical antenna el enment of such a size accurately selected as
descri bed above to the helical coil guide, delicate and skillful work is

required. 19hbnag@édhhiaObade dlendiotf iald ttHed fIGAYe Bt ivevent thde
deformati on or the displacenent of the helical antenna elenent. As a
result, thegpee¢dction cost is inevitably increased in order to provide
good products excellent in antenna characteristics and high in reliability.
For exanpl e, exi sB¥ngjheeuisei gfc$heeclabioye -mentioned jantenna &ARe and t he
separate 15 antenna are disclosed in Japanese Unexam ned, Pat ent

Publ i cati onel¢nenh) Kbe sePREadE] ankenmRoAsgRAnufArtaresh04 (99404/199>).

Summary of the Invention 20 The present inventio rovides, a nt enna
conpri si ng 8PEPRALERITULS WRE® ARLRRDE dSTHh Q‘Sgﬂq%ic%ﬁm&atg%‘e%
hel i cal antenng el epent couypl ed t.o said tlexihl ubstrate, nna
top contai nFﬂggEﬁi HqF‘F'E)? Plﬂ‘llée p.g&‘!}gTopatog 5:%1 .saélll%(f%r?zal :%cs:agﬁ’eazfﬁlegﬂér% %{f‘#é
helical ant QaaﬁksgﬁHEn%&%Brhfh Qe% %l%q? ity o1 Y AMBre0RdURiee 1,
patterns extendrng al ong S31G T Iexi ble substrate an el ectrically connected

Lo one anotpey BhibhghtehBaMeldedtle sl SubpoP 2@ athaliLanshans by dn
January 2004 It y be arranged that the flexible substrate has end

portions fagheglhoeaebraling’ ai BodRe ofy ithed antinnehaa)e edemerft tdrel obl i que

conductive patterns extending between the end portions.
extending through an inner bore of the sleeve. The helical
antenna element is screwed onto the helical coil guide and
is broughf into. contact with the flange portion of the
sleeve so as to be electrically fed from the sleeve.
Thereafter, the antenna top is molded to cover the one-end
portion of the antenna base element and the flange portion.
Subsequeptly; the whip antenna element is covered with a
face tube for protection and smart appearance. Around the
face tube, a holder is attached so as to be slidable on the
outer.peripheral surface of the face tube. A stopper is
attached to the whip antenna element at the other end
thereof opposite to the.one end fixed to the insulator.

Upon manufacture of the helical antenna or the

separate antenna described above, it is required to screw
the helical antenna element of a predetermined diameter
onto the helical coil guide. During any operation in the
overall manufacturing process up to the formation of the

antenna top, the helical antenna element may be deformed or

displaced under some external force. In this event,




51t may be arranged that the oblique conductive patterns are parallel to

one another It may be arranged that the oblique conductiye, patter have a
pitch similar . therebetween. 10 It may be arranged that \}t‘!é'%m@é
It may be arranged

conductive patterns have a width simlar to one another.
that the antenna further conprises a conductive sleeve fitted as a feeding
portion to the flexible substrate of the cylindrical shape. I5 It may be
arranged that the flexible substrate has a feeding contact fornmed on one of
two renaining sides thereof to be electrigally connected to the sleeve. 7
January 2004 5 It may be arranged that the helical antenna el enment further

conprises a plurality of contact pin termnals connected to one ends of the
of contact receptacle ternmnals

on | due Co%vag%‘i%\ég%‘ﬁ%% rgg"'i@ggfﬁﬁggﬁg %F%g%onductive patterns, the contact

connected to0 't
pin terminals and the contact receptacle term nals being connected to each

other in one-to-one correspondence. Fig. 1 is a side view of a _

characteristic parardsficaveshiinsionaneriisked altuatione teasizeio§ cach bf tie hélital

sectional VLewholiA.60Me0E LARA! coir guide is accurately selected so that the helical antenna
5 element is exactly fitted to the helical coil guide to be prevented from ¢asy movement out

of its proper position.

However, in order to fit the helical antenna elcment of such a size accurately

selected as described above to the helical coil guide, delicate and skillful work is raquired.

10 In addition, it is difficult to completely prevent the deformation or the displacement of the
helical antenna elcme_:nt. As a result, the production cost is inevitably increased in order to

provide good products excellent in antenna characteristics and high in reliabiliry.

For example, existing techniques related to the helical antenna and the separate
15  antsnna are disc:Iosed in Japanese Unexamined Patent Publications (JP-A) Nos. 5-243829
(243829/1993) and 7-99404 (99404/1555), |

Surnmary of the Invention

20 The present invention provides an antenna comprising a flexible subswmate rounded
to form a cylindrical shape, a helical antenna element coupled to szid flexible substrate,
and an antenna top containing said flexible substrate and said helical antenna, said helical
antenna element comprising a plurality of oblique conductive patterns exterding along said
flexible substrate and electzically connecied 10 one ancther at their terminal ends to form a

25 helical shape,




separate antenna using the helical antenna illustrated in Fig. |I; Fig. 3 1is
a plan view of a flexible substrate to form an antenna bg el e t of an
antenna according to one enbodi nent of this invention; gﬁznyqqg
perspective view of. the flexible substrate illustrated in Fig. 3 mhen it
I's rounded in a cylindrical shape; Fig. 5 is a perspective view of a
separate antenna conprising the antenna base elenent with the flexible
substrate in Fig. 4 connected to a part of a sleeve; and Fig. 6 is a side
sectional view of the separate antenna illustrated in Fig. 5. In order to
facilitate an understandi ng of the presenﬁ-invention, description wll at
first be made about conventional antennas with reference to Figs. 1 and 2.

It may be arranged that the flexible substrate has end portions facing to each other
in the cylindrical shape, each of the oblique conductive patterns extending betwecn the end

portions.
5 It may be arranged that the oblique conductive patterns are parallel to one another.

[t may be arrangsd that the oblique conductive patterns havc a pitch similar

thercbatween.

10 It may be arranged that the oblique conductive patterns have a width similar to one

another.

It may be arranged that the antenna further comprises a conductive sleeve fitted as
a feeding portion to the flexible substrate of the cylindrical shape.
15
Tt may be arranged that the flexible substrate has a feeding contact formed on one

of two remaining sides thereof to be electrically connected to the sleeve.




7 January 2004 6 Referring to Fig. 1, a process of producing a conventional
helical antenna will be described. At first, an antenna ga e elegﬁﬂg IS
prepared. The antenna base el enment has a one-end portion FJ%RHQﬂ? ﬁl1 a
helical coil guide 11 made of a nonconductive material such as nylon and
the other-end portion coupled to a sleeve 5 made of a conductive materi al.
The sl eeve 5 has a sl eeve-helical coupling portion 6 and a flange portion
and serves as a feeding portion. Then, a helical antenna el enent 40 of a

helical shape is R G A e i G |ndti @) 1dn foshaseDepught into

contact with the angé portion of the sleeve .5. The helical antenna

el ement 40 igg @Gt IddmdddsdLh iy 4 eos| eoneadt t pihaverminabsenna
function. Finally, in order to protect the helical antenna el ement 40 and
to i nprove ach@eti«d o \tildiernds deSiige il hatencendopt {vet pahbemhnsi s

nol ded to cover the one-end portion of the antenna base el enent and the

fl ange portiamd @f pilheralidey ef Tustadthaeceptatlanterminals coaphectad
Referring to Fig. 2, a process of producing a conventional separate_antenna
will be deséoi kd¢ ofthgy ereia afhdthe aihique | copgeebhye PRYEEFREd T8t he

ot her-end portion of the antenna base el enent before the a:gov ment | gegd

ant enna t opPatasitdddn Msrine biangd Ehe CMF Pt AR 2P ehe hE TP
ted it i | at 7. f i d
bane el omenbetil SROBRIGAR (i GARE SLH oo s b e Yoltebbindiheane
> r.ewe Q 0

t
helical antenna elge 4Q. J jcal coil guide 11 and is
brought into contaft=wrth thne 11ange ' 004 portion of the
sl eeve 5 so as topye ehegly iXailde Wk 14 sl aoiererbiopant oe al he
antenna top 10 is ' ded to cover the one-end portion of the antenna base
el ement andcshReehitarg@iIPodlixal IMsaniently, the whip antenna elenent 9 is
covered with a face tube 8 for protection and smart appearance. Around the
face tube 8, a holrder. @ndis shadde kecttitarled isov asf t danwentibdhalon t he
outer peripheral surface of the face tube 8. A stopper (not shown) is
attached t oseperattiep agrteomsa usigigerithe haligrl ANEDEHEHHEFEBRL®PpdBite to
the one end fixed to the insulator 7. Thus, the separate antenna is
conpl eted. Fégi-slioted here that the hol der serves to attach the antenna to
a housing of a radi,o apparatus.. \Wen the antenna ij.s exten X S er
is engaged with tﬁ&gholg'dg'ﬁ o Ph@™h VA é’rFae%d ned‘eicp%'ceondﬁ%a%é h?%e}'gpﬂ

antenna. The antenna top 10 e%f?&f ro@'a@?%ﬁnﬁ 2 SHPL$ Po PEgEI M narily

formed so aS 't0 achieve a si unction. is event) the cap is
sinply fittghpbAinRhe’ NG MR d3a%h €l ement. Upon manufacture of the
helical antenna or the separate antenna described above, it is required to
screw the heli cal ragt eanaselaeRiispttdfved iledd i rutiencil ediiblet er (f or
exanple, ~ = 0.5 m) onto the helical coil guide 11. During any operation

i n the over gahbsrmattiadililnisty atredc dss Fuiy + 3 twherd githeits arowidedelmn@enna t op
10 or the fitting of the antenna cap, the helical antenna el enment 40 may be
def or med or cgildpdzdealusdaresone external force. Specifically, the helical
antenna elenent 40 is often deforned aor displaced under thcge preisure of

-~ molded resin 7 F&fuaPy 18004 PETEFRESTS Vieh &St Bt i AFALHS MM t op 10.
I n thi t, t h teristi i | f Lo d

Lo avor d ¢ HEOHBRE RGN ERsneh e rane Gramdlfy LA Mld ALEREL. [0 br et
antenna el eglﬁﬂﬁtégtﬁn‘lnt g Jneld ehpeite dUdIG Lot A @I &dve Searwat €d SO

that the helrcal "antenna elenment 40 1s exactly Titted to the helical coil

~guide 11 to be preygnt gdikr aMsq Ay seRMARNHL Qulewdlof ttheDIsifirasi tion.
However) in order to fit the helical antenna el enent

antenna illustrated in Fig. 5.
Description of the Preferred Embodiment:

In order to facilitate an understanding of the

CLDL.LON O

present invention, description will at first be made about

conventional antennas with reference to Figs. 1 and 2.




40 of such a size accurately selected as descri bed above to the helical
coil guide 11, delicate and skillful work is required. In dditioR% it is.
difficult to conpletely prevent the deformation or the d?s%! 4of the
hel i cal antenna el enent 40. As a result, the production cost is inevitably
increased in order to provide good producis excellent in antenna
characteristics and high in reliability. w, the description will be nade
in detail about one enbodi ment of the present invention with reference to

the draw ng. An aw&y[}a:ﬁfg:%“mg.tolp@ Brbosk sept ?{'o&ﬂ&§n§n¥enti on

conpri ses an antenna base el enent™ havi ng ‘one-and portion arranged in an
ant enna t op caneedis e et D dnOénna twerh apd eesoeLhed. t i pRrstpf a
sl eeve as a feeding portion, like in the conventional antenna described
above. As aaghanaciid Hase ailéheIst | 1w epitepared he Tird eamtzeriises coasenent
conprises a flexible substrate 1. 7 January 2004 9 Referring to Pig. 3,
the flexibl elemesttr &tas la iongreav desirieom preyidedi vythfachelggalconddctive
patterns 4 printed thereon. The oblique conductive patterns 4 have a sane
wi dth and egpdde flilomasie of de neneordughitye Jnakestal heueh erF bNE1SBHEPHAL e
1 in parallel to one another at a sane ;%fch.'The flexible substrate 1 has
r

a pluralitythe odkesraenst PIhihLUReY R P ALY endB28¢ Pheobl i que
ducti tt 4 th id f the flexjhl t r.at d
Blural ity oPSRORCRIYS RRSRAL: « SR FAeEVEs & JAted BAHE S hds of

th bl i t] f t 1 Lb
Substrata 1oORBLLRY EoRAT ¢ et U o i eRud ek LOEvco AL ORE

feeding conkaghiag wftchn ORf e, BVRelQRRIN Mt el S 1ldMdR0Tsd e
electrically connécted to the sleeve 5 when the antenna base elenent is

fitted and hendedlt @HdjR ad \irsUdD Itk Paie Heli®a®l @eie guideftirang to
Fig. 4, the flexible substrate 1 illustrated in Fig. 3 is rounded to forma

cylindri cal ishppeughte imite Jdatetaoid witd otheere lanipe gfoxrthibon | eXi bhe
substrate 1 are fixedly bonded to each other by soldering or welding to
formthe ansdaa¥eb&se Bhenbellicpd entsnsmaedemepd ddndFcelgidtristadilials 3
and the contact receptacle termnals 12 of the flexible substrate 1 are
connect ed t §eathrougdy the FIeavs chd T e hREHEPRASURGERQRL | a

combi nati on_of the oblique, conductive patterns 4 exten al on helical
shape and f BFHES'&YheIiF’c T4 dhfe ERF tté}eh r}f%?vji%ag at* ant &n n%l%enl?f i %&F\l

simlar to th | i t nEQ el SR 4;2; t &aé'ged}pa' | hsd i
Fig. 2. 7£3§ng§r ;‘@%6’%1% el erri n_ggjto ﬁ{]e jgle a slepa'r aAtAe antéeﬁlﬁdtbﬁ
conpri ses t Eﬁo@nfsﬁ@%)bi%e nR 1Nt M d v dh & Hee i e fD B ¥ot 1. o W £ tige
flexi ble substrate 1 connected to a part of the sleeve 5 (specifically, a

sl eeve- hel i gatefifdpblaide RUehiedt GnieIMd Fhrige Gy tinat ich thd hsFéege. 1 and
2). At the other end of the antenna base el enent, a whip antenna el enent 9
i S mechani cahuy, f thedhiey iidad iamcheinateoris7 ddmplessegdnds t hrough the sl eeve 5
fitted thereto. Referring to Fig. 6, an antenna top 10 is fornmed to cover
the one-end portiBaferring 4ot Fifa RBas@ PrOFEdS ﬁfgﬁwqq%é portion of

the sl eeve 5. Then, a face tube 8 faor protectiqgn d smart. appeatgnce as

at t ached tOCQBV%PtFHE%FﬁP%F&?nén&e&?@ntWiQflcS’I.Fpla%fctrgﬁ}% oBnEPlEnd of

the inSU|atg£tghnlhgiém%%% ieE%r%%%ﬂ%yf%yIif:%f§¥3ﬂé§(?ke other-end
portion of the antenna base element before the above-
mentioned antenna top is molded. More in detail, the whip
antenna element 9 is supported at its one end by an
insulator 7 forming a body of the antenna base element and
extending through an inner bore of the sleeve 5. The
helical antenna element 40 is screwed onto the helical coil

guide 11 and is brought into contact with the flange



In the separate antenna of the above-nentioned structure, the flexible
substrate 1 as the antenna base elenent of a flexible structure r@i t he

obl i que conductive patterns 4 form ng the helical conduc i“&é“’gﬂyt 4
equivalent in function to the helical antenna el enent of the conventional
antenna. Therefore) manufacture or assen‘o.%i ng is easily carried out wthout
deformation or displacenent of the helical conductive pattern Wich is
printed on the flexible substrate 1. As a result, stable electrical

charact eri stioes 1@ ACNIRY eth edve thegd Q£ 006 NYe cdDOEE PBBALLY hEedoBLamt pin
.termnals 3 protrude outwards in a radial direction when the flexible

substrate 1lthe sQerded mnd Thesdadtedl,t dhratantenna tup ddntiactmelided ekon nal s
3 may protrude 7 January 2004 11 inwards provided that a plurality of pin
escape groowesear eleorarett end tpmertivsul off orhe anterndcbase hele¢pantgandes for
the contact pin termnals 3. In this event, coupling between the contact
pi n tern nathe3 £dmdgeh @qyt il assc afabGeanedd 1o Foet ¥k et P iimehe

flexible substrate 1 so that antenna characteristics a

furt
st abi | i zed. 91 Ast FeVEGEY NP /LTS Pty %a@%e%ﬁ‘”b??éf?‘ég"’r‘?%e%ﬂgrgepar ate
t Coltod ted h t hat, thi ' ti ' | ¥ |
1t 601 ai - ty PEDEAREATE | ARTOURY e EACEat IhR Simd TR (i shddh
whi p. antenga %lt%g%%tedqsaorea{!tﬁcfctﬂé A daiPPONGE I Siced phXSphaphenna

(only the h Fi &al enna ex ts the antenna function) to achieve the

Simar of f galeabd 30 18iePacd haufield caln aoRpRR i(more biaas) ne he

hel i cal conductive pattern forned by a conbination of the oblique

conductive pethehke 4o AhdRady hatahiny @ldmenter ant ertha ofthéhi end
i nvention) the antenna base el enment has a flexible structure achi eved by

t he fl exi bl ehewestr aippakitEhetd |thd iree sarbbtfiitesd 1to stheuinslaton 7.
cylindrical shape so that the oblique conductive patterns 4 printed thereon
are conbi nethasd ¢hectsepaaiate cofrranads cdrpketed- hdth d& nofrshdignse
pattern equivalent to the helical antenna elenent 40 in the caonventi onal
ant enna. Thtibatt feahodfier ERFYRS &%iahtanh RO RN VP AR APr e and

manuf act ured w t hout, di spl acenent def or mation_and j s fherefore.stable in
el ectrical ERaPaf@sios APRATHE Sy gﬁLFH Fg‘Fi AGtePRg 1S ?x}%r?l?gerdff 4 -12

WAT TS CLALMERoE2 1k oA WIS VY 'rid ik £d Gid i £ T Bk Fed @@ e
to forma c§rPREFFCAS SHA5E%
condition of the antenna. The antenna top 10 may be
replaced by an antenna cap preliminarily formed so as to
achieve a similar function. In this gvent, the cap is
simply fitted to dover the antenna base element.

Upon manufacture of the helical antenna or the
separate antenna described above, it 1s regquired to screw
the helical antenna element 40 of a predetermined diameter
(for example, ¢ = 0.5 mm) onto the helical coil guide 11.
During any operation in the overall manufacturing process
up to the formation of the antenna top 10 or the fitting of
the antenna cap, the helical antenna element 40 may be
deformed or displaced under some external force.

Specifically, the helical antenna element 40 is often

deformed or displaced under the pressure of molded resin



helical antenna el ement coupled to said flexible substrate, and an antenna

top containing 5 said flexible substrate and said helica nt enn I d
hel ical antenna el ement conprising a plurality of obli qug m%qua

patterns extendi ng al ong said flexible substrate and el ectrically connected
to one another at their termnal ends to éornla hel i cal shape. 2. An
antenna as clanmed in claim1l, wherein said flexible substrate has end
portions 10 facing each other in said cylindrical shape, cacti of said

obl i que conguelinge Hifl Ll rie 8X4:E Nl Nehdedvesing at 6b engl. pard i tliss Srert,
antenna as clainmed in claim?2, wherein said oblique conductive patterns are

paral | el to0azeRenMA0dITadkerNE it wiHl Bshe | adwerise Iy caif ecEedwher ei n sai d
obl i que conductive patterns have a pitch simlar therebetween. 5. An
antenna as cl ai medn mrdlex ha?,awdiat dihe shavetmdntionahosttvuatipat t BRas
have a ZOw dth simlar to one another. 6. An antenna as clained in claim
1, further edmeriofi epch cfhdig ihslitakbantennaelenent o4 aBdpbheion to

said flexible substrate of ;he:ﬁylindrical shape. ﬁS 7. . An ag%eﬁnggas
claimed in bedil®ad, amidr G deil 1@ LBLY SR e Rt 59 BB hg™BBnt act
formed or. one of .two remaining sides thereof {0 be.electric y. ted
to said sl eBfdicaly apLenpys, Qtl;%.lﬁne’é?ﬁ%:ﬁ%a&agt% a#é?re %nhgﬁg{g%?l,
wherein said helical, ant.enna .e oL rghtt ¥eolt
contact pi n“Pérnm3 g’ldsfa crlolnnrue}’ctbeéd%{%é%enge&%&ng?%# és%)lél% OE|‘|§&€%Hconduct ive.
patterns angrggggubggﬂﬁ&ég_contact receptacle termnals connected to the
a

ot her ends Id obl'1 que conductive patterns, said contact pin termnals
and said contact jowever, in order to £it the helical antenna element
40 of such a size accurately selected as described above to
the helical coil guide 11, delicate and skillful work is
requirad. In addition, it is difficult to completely
prevent the deformation or the displacement of the helical
antenna element 40. As a result, the production cost is
inevitably increased in order to provide good products
excellent in antenna characteristics and high in
reliability.

Now, the description will be'made in detail about cne
embodiment of the present invention with reference to the
drawing.

An antehna according to one embodiment of this
invention comprises an antenna base element having one-end
portion arranged in an antenna top and the other-end
portion f£itted and connected to a part of a sleeve as a

feeding portion, like in the conventional antenna described

above. As a characteristic of this invention, the antenna

base element comprises a flexible substrate 1.




5 receptacle termnals being connected to each other in one-to-one
ﬁpiaﬁfonhndia;}éf. i N/ ]N/ N/ ]N /I NF/ N N N6/ N6/ NS/ NS/ N, j I N-; kgs 5] @ 00
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conductive patterns 4 on the one side of the flexible

substrate 1 and a plurality of contact receptacle terminals
12 formed at the other ends of the oblique qonducti&e
patterns 4 on the other side of the flexible substrate 1.
Furthermore, the flexible substrate 1 is provided with a
feeding contact 2 formed on one of two remaining sides
thereof to be electrically connected to the sleeve 5 when
the antenna base element is fitted and bonded to the above-
mentioned part of the sleeve 5. |

Referring to Fig. 4, the flexible substrate 1
illustrated in Fig. 3 is rounded to form a cylindrical
shape. The one side and the other side of the flexible
substrate 1 are fixedly bonded to each other by soldering
or welding to form the antenna base element. In this state,
the contact pin terminals 3 and the contact receptacle
terminals 12 of the flexible substrate 1 are connected to
each other in one-to-one correspondence. As a result, a
combination of the obligue conductive patterns 4 extends
along a helical shape and forms a helical conductive
pattern having an antenna function similar to the helical

antenna element 40 of the antenna illustrated in Fig. 2.
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antenna base element with the feeding contact 2 of the
flexible substrate 1 connected to a part of the sleeve 5
(specifically, a sleeve-helical coupling portion 6
described in conjunction with Figs. 1 and 2). At the other
end of the antenna base element, a whip antenna element 9
is mechanically fixed by the insulator 7 that extends
through the sleeve 5 fitted thereto.

Referring to Fig. 6, an antenna top 10 is formed to
cover the one-end portion of the antenna base element and
the flange portion of the sleeve 5. Then, a face tube 8
for profection and smart appearance 1is attached to cover
the whip antenna element 9 coupled to the other end of the
insulator 7. Thus, the separate antenna is completed.

In the separate antenna of the above-mentioned
structure, the flexible substrate 1 as the antenna base

_element of a flexible structure has the oblique conductive
patterns 4 forming the helical conductive pattern
equivalent in function to the helical antenna element of
the conventional antenna. Therefore, manufacture or
assembling is easily carried out without deformation.or
displacement of the helical conductive pattern which is
printed on the flexible substrate 1. As a result, stable
electrical characteristics are achieved.

In the foregoing embodiment, the contact pin
terminals 3 protrude outwards in a radial direction when

the flexible substrate 1 is rounded and bonded.

Alternatively, the contact pin terminals 3 may protrude
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the contact pin terminals 3. In this event, coupling

between the contact pin terminals 3 and the pin escape

grooves prevents the rotation of the flexible substrate 1

so that antenna characteristics are further stabilized.

In the foregoing, description has been directed to
the separate antenna. It is noted here that this invention
is also applicable to an integral-type antenna (all of the
helical antenna, the sleeve 5, and the whip antenna.element
9 are electrically connected) and a fixed antenna {only the
helical antenna exhibits the antenna function) to achieve
the similar effect. In any event, the helical antenna is
achieved by the helical conductive pattern formed by a
combination of the obligue conductive patterns 4.

As described above, in the antenna oflthis invention,
the antenna base element has a flexible structure achieved
by the flexible substrate 1. The flexible substrate 1 1is
rounded in a cylindrical shape so that the oblique
conductive patterns 4 printed thereon are combined and
electrically connected to form the helical conductive
pattern equivalent to the helical antenna element 40 in the
conventional antenna. Thus, the antenna can be easily and
economically assembled and manufactured without
displacement or deformation and is therefore stable in

electrical characteristics and high in reliability.
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WIIAT IS CLAIMED IS:

L. Anr antcnna comprising a tlexible substrate rounded to form & ¢ylindrical shape, 2
kelical anteana element coupled to said flexible substrats, and an antenna top containing
said flexible substrate and said helical antenna, said helical antenna elemegnt comprising a
plurality of obliquc conductive patterns extending along said flexible substratc and

electrically connected to cne another at their terminal ends to form a helical shape.

2. An antenna as claimed in claim 1, wherein said flexible substrate has end portions
facing each other in said cylindrical shape, cach of said oblique conductive patterns

cxtending between said end portions.

3. An antenna as claimed in claim 2, wherein said oblique conductive patterns are

parallel to one another.

4, An antenna as claimed in claim 2, wherein said oblique conductivs patterns have a

pitch similar therebetween.

3. An antenna as claimed in claim 2, wherein said cblique conductive patterns have a

width similar to one ancther.

6. An antenna as clatmed in claim 1, further comprising a corductive slecve fitted as a

feeding portion to said flexiblc substrate of (he cylindrical shape.

7. An antenna as claimed in claim 6, wherein said flexible substrate has a feeding

contact formed on one of two remaining sides therzof to be electrically connected to said

sleeva,
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3. An antenpa as claimed in claim 1, wherein said helical antenna element further

comprises a pluality of contact pin terminals connected to one ends of said oblique
conductive pattemns and a plurality of contact receptacle terminals connected to the other
ends of said oblique conductive pattemns, said contact pin terminals and said contact

5 receptacle tarminals being cornacted to each other in one-to-one correspondence,




