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t he tnventi on: This invention relates to an antenna assenbly
conprising a whip antenna and a helical antenna nounted on a top end of

t he whi p ant enna. An antenna assenbly of the type described has

been wused in a radio communi cation device such as a portable

comuni cation term nal set, especially a nobile tel ephone termnal set.
The antenna assenbly is usually extendably and retractably nmounted to a
housing (or a casing) of the ternmndl set as disclosed in JP-A-3 245603
(Reference 1). In Reference |, the term nal set has a housing or

LIGHTWEIGHT ANTENNA ASSEMBLY COMPRISING A WHIP ANTENNA AND

A HELICAL ANTENNA MOUNTED ON A TOP END OF THE WHIP ANTENNA

k £ In ion:

This invention relates to an antenna assembly
comprising a whip antenna and a helical antenna mounted on
a top end of the whip antenna.

An antenna assembly of the type described has been
used in a radio communication device such as a portable
communication terminal set, especially a mobile telephone
terminal set. The antenna assembly is usually extendably
and retractably mounted to a housing (or a casing) of the
terminal set as disclosed in JP-A-3 245603 {(Reference I).

In Reference I, the Eerminal set has a housing or
enclosure enclosing transmitting and receiving electrical

" circuitry. The antenna.assembly comprises the whip antenna
{or an antenna rod) and a holder (or a support) attached to
the housing for slidably holding (or supporting) the whip
antenna. The holder (or the support) is made of a
conductor and is connected to the electrical circuitry.

The whip antenna is provided with a stopper (or a
conductive ring) fixedly mounted on a lower or an inner end.

When the whip antenna is in an extended position, the
stopper is brought into contact wigh the holder (ox the

support) so that the whip antenna is connected to the



encl osur.e enclosing transmtting and receiving electrical circuitry. The
antenna assenbly conprises the whip antenna (or an antenna rod) and a
hol der (or a support) attached to the housing for slidably holding (or
supporting) the whip antenna. The holder (or the support) is nmade-of a
conductor and is connected to the electr2cal circuitry. The whip antenna
is provided with a stopper (or a conductive ring) fixedly nounted on a

| ower enna,_ is in an osition,
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di el ectric sleeve or tube. The whip antenna or the conductive rod has an
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wavelength of a predetermined frequency.

The helical antenna {(or an antenna coil) is
enclosed in a dielectric cap and is carried on a top end of
the whip antenna. The dielectric cap is provided with a
conductive sleeve at a lower end electrically connected to
the helical antenna. The conductive sleeve is fitted onto
the top end of the whip antenna and fixed thereto by
caulking or deforming the conducive sleeve together with
the dielectric sleeve of the whip antenna. The helical
antenna is connected to the conductive rod of the whip
antenna and has also an electrical length of a quarter
wavelength of the predetermined frequency. Therefore, the
antenna assembly has a half wavelength of the predetermined
frequency.

When the antenna assembly is in a retracted
position where the whip antenna is retracted in the housing,
the helical antenna is connected to the electrical
circuitry through the conductive sleeve and the holder {(or
the support). Thus, the helical antenna is used for short-
range operation of the terminal set. At the retracted
position, the whip antenna is in the housing and, therefore,
does not serve for receiving the radio signal.

For a long-range operation, the antenna'assembly is

pulled out by manually handling the cap into the extended



The helical antenna (or an antenna coil) is enclosed in a dielectric cap
and is carried on a top end of the whip antenna. The dielectric cap is
provided with a conductive sleeve at a | ower end electrically connected to
the helical antenna. The conductive sleeve is fitted onto the top end of
the whip antenna and fixed thereto by caulking or deform ng the conducive
sl eeve together with the dielectric sleeve of the whip antenna. The
helical antenna is connected to the conductive rod of the whip antenna
and has al s&°&t s mhexns MmmferaiQUMthmamabﬁbn?mﬁ@ﬁ: Brliﬁhl the
predet er mi ned.frequency, Therefore, the antenna asse y has a ha

wavel engt h %PIFEE 3F§hé?¥ﬁrﬁqﬂﬁ9rtﬁreq§€ﬂ%y.the anteng exs sémbyt sarves .
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helical antenna is Efgéﬁ%gﬁ gﬁg?t?g ?§%§%g§8e gtﬁgnaofn?ﬁes?g FRR8l set. At

the retract egpepobebhoBe the WALP ateRNa 1S hBt!BecBEUELRY gnd. therefore,
does not serve for receiving the radio signal.
separated from the helical antenna.

An assembly of the helical antenna and the
dielectric cap with the conductive sleeve will be referred
to as an antenna top.

Use is made of a special support of a coaxial
structure as the holder (or the support) in order to insure
that the whip antenna is disabled when the antenna assembly
is in the retractea position. This is disclosed in GB
2,257,836 A (Reference II) and JP-A-5 243829 corresponding
thereto. |

In US Patent No. 5,204,687 (Reference ITI) and JP-
B-2646505 (Reference IV}, aﬁbther structure of the antenna
assembly is disclosed in which the conductor rod of the
whip antenna is not electrically connected to the helical
antenna but is insulated from the helical antenna. In the
structure, the whip antenna is reliably disabled in the
retracted position without use of the special support of
the coaxial étructure. The whip antenna only serves for
receiving the radio signal in the extended position because
the helical antenna is no longer connected to the holder
(or the support). This structure of'the antenna assembly
will be referred to as a "separate_type" because the whip

antenna is electrically separated from the helical antenna.



For a | gng-range operation, the antenna assenbly is pulled out by manually
handling the cap into the extended 3
position where the stopper is brought into contact with the holder (or the
support). Thus, the antenna assenbly serves as a hal f-wavel ength antenna.
This structure of the antenna assenbly &1l be referred to as a
"non-separate type" because the whip antenna is not electrically

separ at ed fron1the cal, .ante assenbl f the hel I
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the whip an&ﬁanénastﬂé;%aakeéomﬁa H;@ ﬁésé&%){ctéé the @elracted
position. This is disclosed in GB ,257,836 A (Reference II and JP-A-5
243829 corresppnahb@nna. The dielectric 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 is wound on the coil bobbin and is

connected to the conductive sleeve. The dielectric cap

covers the coil bobbin, the helical coil, and the top end

portion of the conductive sleeve together by, for example,

the plastic molding to form the antenna top.

In the above, the conductive sleeve and the top end
of the conductive rod of the whip antenna are fixed to the
dielectric joint member by the insulation molding of the
dielectric joint member when the conductiwve sleeve and the
top end of the conductive rod are inserted into a mold.

In any one of the noﬂ;separate type antenna assembly
and the separate type antenna assembly, it is essential
that each of the holder, the conductive sleeve, and the
stopper is electrically conductive. Generally, these
conductive portions (namely, the holder, the conductive
sleeve, and the stopper) are formed by the use of brass or
zinc because of availability, machinability, and
platability. As the mobile telephone terminal-set becomes
smaller in size and lighter in weight, the antenna assembly
is also required to be light in size.

However, brass or zinc used as a material of each of

the conductive portions of the antenna assembly has a large



thereto.. In US Patent No. 5,204,687 (Reference I11) and JP-

B- 2646505 (Reference 1V), another structure of the antenna assenbly is
di sctosed in which the conductor rod of the whip antenna is not
electrically connected to the helical antenna but is insulated fromthe
helical antenna. In the structure, the ghip antenna is reliably disabled
inthe retracted position without use of the special support of the
coaxial structure. The whip antenna only serves for receiving the radio
signal in tPReekfiadgrapbtyti Fehevmugde t #0138 tumssaittaenma speaicilonger
connected to the hol der (or $he support). This structure of the antenna
assenbl y V\gF?VbEYr@feﬁrég €8 aand ziphras @ isprcifbar arsvitte ofhith 18

antenna i s elecirl arate%_fron1the hel i cal ant enna.
4 |/ B tal céq iffdcpddeton aghirye: pi d1ghki Heigbikber of a
generally rod sha |45 Son:

It is therefore an object of this invention to
provide an antenna assembly which can be lightened in
weight.

It is another object of this invention to provide an
antenna assembly of the type described, which can be
lowered in cost.

It is still another object of this invention to
provide an antenna assembly of the type described, which
can be increased in strength against external force.

Other objects of this invention will become clear as
the description proceeds.

An antenna assembly to which a first aspect of this
invention is applicable comﬁiises a whip antenna provided
with a stopper of a conductive material at a lower end of
the whip antenna, a helical antenna provided with a
conductive sleeve mounted on a top end of the whip antenna,
and a holder of a conductive material for slidably holding
the whip antenna. The holder is electrically connected to
the stopper %hen the whip antenna is in an extended
position. The holder is electrically.connected to the

- conductive sleeve when the whip antenna is in a retracted
position.

According to the first aspeqt of this invention,

each of the stopper, the conductive sleeve, and the holdex



one end_.thereof to the top end of the conductor rod of the whip antenna.
The dielectric joint nmenber 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 is wound on the coil bobbin and is
connected to the conductive sleeve. The & electric cap covers the coi
bobbin, the helical coil, and the top end portion of the conductive sl eeve
together by, for exanple the astic nmolding to formthe antenna top.

In the abovés Offeacdriditt géVénahé sRecidpceggavityt hetcgndaterve rod
of the mhlpﬁgnte na are flxed to the dielectric joint menber by the
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stopper) are formed by the use of brass or zinc because of availability,
machi nabi | | the whdp antenna, a dielectric joint member mounted on a
top end of the whip antenna, an antenna top mounted on the
dielectric joint member and including a helical antenna and
a conductive sleeve connected to the helical antenna, and a
holder of a conductive material for slidably holding the
whip antenna. The holder is electrically connected to the
stopper when the whip antenna is in an extended position.
The holder is electrically connected to the conductive
sleeve when the whip antenna is in a retracted position.
According to the second aspect of this invention,
the dielectric joint member is formed by dielectric resin.
Fig. 1 is a half-sectional view of a conventional
non-separate type antenna assembly;

Fig. 2 is a half-sectional view of a conventional
separate type antenna assembly;

Fig. 3 is a half-sectional view of a sepaeate type
antenna asséﬁbly according to a first embodiment of this
invention;

Fig. 4 is a half-sectional view of a separate type
antenna assembly according to a second embodiment of this

invention;



platability. As the nobile tel ephone term nal set beconmes snaller in size
and lighter in weight, the antenna assenbly is also required to be |ight
in stze. However, brass or zinc used as a material of each of the
conductive portions of the antenna assenbly has a | arge

5 specific gravity. For exanple, 70-30 hrass has a specific gravity of
8.6g/cnferr] and zinc has a specific gravity of 7.18 g/cnferr] . This
makes it difficult_to achieve a |ight weight. . Summary of the

| nvent i on: Fi19-i 3 i1RcRPOFEPPLHIR cetewiof i Parveof itheto provide
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manufacturing method of the part illustrated in Fig. 5;

Fig. 7 is a half-sectional view of a separate type
antenna assembly according to a third embodiment of this
invention;

Fig. 8 is a perspective view of a part of the
separate type antenna assembly illustrated in Fig. 7;

Fig. 9 is a perspective view for use in describing a
manufacturing method of the part illustrated in Fig. 8;
and

Fig. 10 is a perspective view for use in describing
another manufacturing method of the part illustrated in
Fig. 8.

Description of the Preferred Embodiments:

Referring to Figs. 1 énd 2, conventional antenna
assemblies will be described for a better understanding of
this invention.

In Fig. 1, a conventional antenna assembly 50 is
illustrated which is a non-separate type antenna assembly.
The antenna assembly 50 includes a whip antenna having a
conductive rod 51 covered with a dielectric tube 59. The
antenna assembly 50 further includes a holder 54 attached
to a housing of a radio communication device for slidably
holding the whip antenna. The holder 54 is made of a
conductor and is connected to an electrical circuitry of

the radio communication device. The whip antenna is



provi de .an antenna assenbly of the type described, which can be increased
I n strength agai nst external force. O her objects of this invention
wi |l “becone clear as the description proceeds. An ant enna assenbly
to which a first aspect of this invention is applicable conprises a whip
antenna provided wth a stopper of a comductive material at a | ower end of
the whip antenna, a helical antenna provided with a conductive sl eeve
nmounted on a top end of the whip antenna, and a holder of a conductive
material foPTIVIEES WiHdt & fForpes WS §ixeddinaountedhoinder lowes! oct rincal | y

connected tqQ__the stopper,.when the whip antenna is_in an extended
posi ti on. "i"ﬁlé’eﬁ:oled’éf Cng the Qnugtiye: ste otle 8%t Sren@bipopaternde sl ceve
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sl eeve, andgithgpe?! 8 is brought into contact with the holder 54 so

that the whip antenna is connected to the electrical

circuitry through the stopper 55 and the holder 54.

A helical antenna (or a helical coil) 52 is
enclosed in a dielectric cap 58 with the helical antenna
{(oxr a helical coil) 52 wound on a coil bobbin 57 and is
carried on a top end of the whip antenna. The dielectric
cap 58 is provided with a conductive sleeve 56 at a lower
end electrically connected to the helical antenna 52. The
conductive sleeve 56 is fitted onto the top end of the whip
antenna and fixed thereto. The helical antenna 52 is
connected to the conductive rod 51 of the whip antenna.
When the antenna assembly is in a retracted position where
the whip antenna is retractéd in the housing, the helical
antenna 52 is connected to the electrical circuitry through
the conductive sleeve 56 and the holder 54.

In Fig. 2, another conventional antenna assembly 60
is illustrated which is a separate type antenna assembly.
The antenna assembly 60 is similar to the non-separate type
antenna asséﬁbly of Fig., 1 except that a dielectric joint
member 53 is formed between the conductive sleeve 56 and
the top end of a whip antenna 61 which includes the
conductive rod 51, the dielectric tube 598, the stopper 55,
and the holder 54. The COnductive.rod 51 of the whip

antenna 61 is electrically separated from the helical



6 is of.alight metal having a specific gravity not greater than 3
g/cnferr] An antenna assenbly to which a second aspect of this
invention is applicable conprises a whip antenna provided with a stopper
of a conductive material at a lower end of the whip antenna, a dielectric
joint menmber nounted on a top end of thegwhip antenna, an antenna top
nmounted on the dielectric joint nenber and including a helical antenna and
a conductive sl eeve connected to the helical antenna, and a holder of a
conductive mR¥eNRR 32rb¥| thandielrttiiy jdint wenbeantsmna. The hol der is

electrically connected to the stopper when the whip antenna is in an
ext ended position. &nﬂ?@q%ol%-ert}ﬁ%w @gisepbddmge 50edntio 60heitonduct i ve
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use of brass easy in cutting or zinc easy in die-casting.

With these materials of brass or =zinc typically used,
however, restriction is imposed upon achievement of a light
weight required in a portable mobile telephone terminal set
because free-cutting brass has a specific gravity of 8.6
g/cm? and zinc has a specific gravity of 7.18 g/cm3.

Furthermore, cutting or die-casting is required in
each of the antenna assemblies 50 and 60.

Disadvantageously, this results in a relatively high cost.

The antenna assembly 60 of the separate type is weak
in strength at a boundary between the conductive sleeve 56
and the dielectric joint meﬁber 53 and easily broken under
externallforce.

Referring to Fig. 3, description will proceed to an
antenna assenbly according to a first embodiment of this
invention. The antenna assembly 10 is a sepaiate type
antenna assembly. The antenna assembly 10 includes a whip
antenna havihg a conductive rod 1 covered with a dielectric
tube 9. The antenna assembly 10 further includes a holder
4 attached to a housing of a radioc communication device for
slidably holding the whip antenna. The holder 4 is made of
a conductor and is connected to an electrical circuitry of

the radio communication device. The whip antenna is



separate type antenna assenbly; Fig. 3 is a half-sectional view of a
separate type antenna assenbly according to a first enbodi nent of this

i nventi on; Fig. 4 is a half-sectional view of a separate type
antenna assenbly according to a second enbodi nent of this invention;

7 Fig. 5is a perspective view ofpa part of the separate type
antenna assenbly illustrated in Fig. 4; Fig. 6 is a perspective
view for use in,gfscrLbin a manufacturing nmethod of the part illustrated
in Fig. 5; Providediwith;y stopper: 5sEippedy movakedi oa separareorypa

ant enna, 3So3URr BFPLH 0l ARNASLSTBICTEN g1 Ll Losent] on
assenbly il el 3h@9 Wl lafitefina is in an extended position, the
stopper 5 is brought into contact with the holder 4 so that
- the whip antenna is connected to the electrical circuitry
through the stopper 5 and the holder 4.

A helical antenna (or a helical coil) 2 is enclosed
in a dielectric cap 11 and is carried on a top end of the
whip antenna. The dielectric cap 11 is provided with a
conductive sleeve 6 at a lower end electrically connected
to the helical antenna 2. The helical antenna 2 is
connected to the conductive rod 1 of the whip antenna
through the conductive sleeve 6. A dielectric joint member
3 is formed between the conductive sleeve 6 and the top end
of the whip antenna which includes the conductive rod 1,
the dielectric tube 9, the stopper 5, and the holder 4.

The conductive rod 1 of the"whip antenna is electrically
separated from the helical antenna by the dielectric joint
nmember 3. When the antenna assembly is in a retracted
position where the whip antenna is retracted in the housing,
the conductive sleeve 6 is brought into contact with the
holder 4 so that the helical antenna 2 is connected to the
electrical circuitry through the conductive sleeve 6 and
the holder 4.

The above-mentioned configuration is similar to that
of the conventional antenna assembly 60 {Fig. 2). However,
the antenna assembly 10 according to the first embodiment

of this invention is different from the conventional



Fig. 9 i.s a perspective view for use in describing a manufacturing nethod

of the part illustrated in Fig. 8, and Fig. 10 is a perspective
view for use in describing another manufacturing nethod of the part
illustrated in Fig. 8. Description of the Preferred Enbodi nents:
Referring to Figs. 1 and 2, conventionalilantenna assenblies will be
described for a better understanding of this invention. In Fig. 1,
a conventlonag antenna assenbly 50 is | l ustrated which is a non-separate
type ant enrfd® sFRFHR§SeNEHE %%t’b‘hn’épaa’és%ﬁ‘@w%@%ﬁm% Svhitheant enna

havi ng a
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the stopper, the conductive sleeve, and the holder may be
formed by a light metal having a specific gravity not
greater than 3 g/cm? like in the separate type antenna
assembly 10.

Preferably, the light metal contains at lest one of
aluminum (having a specific gravity 2.69 g/cm3) and
magnesium (having a specific gravity 1.74 g/cm?). For
example, the light metal essentially consists of 0.4% or
less Si, 0.7% or less Fe, 5.0-6.0% Cu, 0.30% or less Zn,
0.2-0.6% Bi, 0.2-0.6% Pb, and the balance Al. In this
invention, an Au-Cu alloy A2011 can be used as the light
metal having the above-mentioned composition. Besides, a
free-cutting alloy such as 22017 may be used. Thus, the
light metal is not restricted to A2011 as far as its
composition falls within the above-mentioned range.

The light metal may be a formable material. More
specifically, the light metal may be formed by at least one
machining process selected from cutting, casting, injection
molding, and“sintering.

A surface of the light metal may be subjected to
zincate treatment followed by electroless Ni plating to a
thickness of 7 (m or less.  After the electroless Ni
plating, the the light metal may be coated with an

electrolytic nickel film and subjected to nickel sulfamate

54
t he



8 provided with a stopper 55 fixedly nounted on a | ower or an inner end
of the conductive rod 51 of the whip antenna. Wen the whip antenna is in
an extended position, the stopper 55 is brought into contact with the

hol der 54 so that the whip antenna is connected to the electrical
circuitry through the stopper 55 and thgzol der 54. A hel i cal
antenna (or a helical coil) 52 is enclosed in a dielectric cap 58 with the
helical antenna (or a helical coil) 52 wound on a coil bobbin 57 and is
carried on hreagmendi,ofoilheweti byablackaCr Thkatimgetdracthicnédsi s
provided with a conductive sleeve 56 at a lower end electrically connected
to the hel ikatFveapehnand23 ®m conductive sleeve 56 is fitted onto the top

end of the whip tenna and fixed thereto. The helical antenna 52 is
connected to the COHHUTRINE FHAUSEHre MAF ki exnshhdhe Whapnsse Sant enna

SISO chd, SoRSHEEEhEs stk 8T MNET By B AL Py MRERR akedrart =
circuitry tPhoUgbe of a material having a small specific gravity.

Next, description will be made about a specific
example of a method of manufacturing the antenna 10
illustrated in Fig. 3.

The three components, i.e. the stopper 5, the
conductive sleeve 6, and the holder 4 illustrated in Fig. 3
were prepared by the use of aluminum. Herein, an Al-Cu
alloy A2001 was used as aluminum. The alloy A2001 has a
tensile strength of 420 MPa which is comparable to the
tensile strength of 422 MPa of a free-cutting brass C3560
used in the conventional antenna. Therefore, it is
believed that no mechanical problem occurs.

In order to improve cgrrosion resistance and wear
resistance, the surface of each of these aluminum
components was plated in the following manner. At first,
the surface of the material was subjected to Zn replacement
{zincate treatment) and then to electroless Ni plating to a
thickness of 7 ym or less, followed by Ni electrolytic
plating on tﬁe order of 5 ym to obtain an Ni film,
Subsequently, for the holder 8 and the sleeve 4, the Ni
film is further treated by a nickel sulfamate solution and

then subjected to black Cr plating to a thickness between 1

and 3 ym. Thus, products were obtained.



t he conductive sl eeve 56 and the hol der 54. In Fig. 2, another
conventional antenna assenbly 60 is illustrated which is a separate type
antenna assenbly. The antenna assenbly 60 is simlar to the non-separate
type antenna assenbly of Fig. 1 except that a dielectric joint nenber 53
is formed between the conductive sleeve p§ and the top end of a whip
antenna 61 which includes the conductive rod 51, the dielectric tube 59,
the stopper 55, and the hol der 54. The conductive rod 51 of the whip
antenna 61 is el ecFprcepmpasipanatadchéldexrtde hestepper 5, and a

9 antenna 52 by the dielectric joint nmenber 53. In each of the
ant enna ass&HBeVes 65§iamdagyin shape testbhospalilibstrated oh Fhg.hdl der 54,

t he conductive sl eeve 5%@ %ﬁd t he stopger 55 is electrically conductive.
General |y, MRE§cPFEPATSEHs Py, thggusg,gafskhg, abpyprmantiopad brase-of brass

easy in cutting Ormﬁé“8aﬁééﬂéﬁ£bCgéééfﬁiﬁégto the first embodiment of
this invention and the conventional products were measured
and compared. As a result, an average weight was equal to
4.12g (the number of measured samples n = 10) for the
conventional products. For the products of this invention,
the average weight was equal to 2.53g (n = 10). Thus, as
compared with the conventional products, the weight could
be reduced to about 61%.

This brings about the reduction in weight of the
antenna, which in turn contributes to the lightweight
structure of a whole of the mobile telephone terminal set.

Turing to Fig. 4, an antenna assembly 10' according
to a second embodiment of this invention comprises similar
parts designated by like reference numerals. The antenna
assembly 10' comprises the helical coil 2 wound on a coil
bobbin 7 of dielectric (or insulating) resin. Likewise,
the dielectric cap 11 is also of dielectric resin. 2an
antenna top which includes the helical coil 2, the coil
bobbin 7, and the dielectric cap 11 is formed by mol&ing
with the dielectric resin. The conductive sleeve 6 is of a
thin film formed on the dielectric joint member 3 of
dielectric resin by the use of plating or coating process.
The tube 9 of the whip antenna 8 is also of dielectric
resin. In the illustrated antenna assembly, the whip

antenna 8 and the helical antemnna 2 are insulated within



Wth these materials of brass or zinc typically used, however, restriction
I s i nposed upon achi evenent of a |ight weight required in a portable
nobile tel ephone term nal set because free-cutting brass has a specific
gravity of 8.6 g/cnferr] and zinc has a specific gravity of 7.18
g/cnerr]. Furthernore, cuttingig die-casting is required in each
of the antenna assenblies 50 and 60. Disadvantageously, this results in a
relatively The antenpa assenbly 60 of the separate type

| gh .cost. ..
i s weak ingégrgﬁﬁiﬁ°§F1& B8&REaPsTberwdchitheak obtervat ef cegvessl and
t he diel ect sily en under external_force.
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whip ant ensgabévi8fa@at8NadHEEhNE. rod 1 covered with a dlelectrlc tube 9.
The antenna assenbly 10 further includes a holder 4 attached to a housing

of a radi o conmmuniTied i dileTevtirie: frdsifldfadan ki ditkg ddia Waphigntenna. The
hol der 4 is made of a conductor and is connected to an el ectri cal
circuitry othe dielectric cap 11, the dielectric joint membexr 3, and
the tube 9 comprises a macromolecular compound. The
macromolecular compound comprises at least one selected
from ABS {(acrylonitrile butadiene styrene) polymer, PPS
{polyphenylene sulfide), nylon, and polybutyrene
terephthalate.

The the conductive sleeve 6 is of the thin film 6
comprising at least one selected from Ni, Cr, black
chromium, Sn, solder, Cu, Ag, and Au.

Preferably, the dielectric joint member 3
substantially comprises nylon excellent in high-strength
insulation and bend durabilify and is integrally formed
with the coil bobbin 7.

The top end of the whip antenna 8 is integrally
formed with the coil bobbin 7 and the dielectric -joint
member 3.

Next, description will be made about a method of
manufacturiné the antenna assembly 10' according to the
second embodiment of this invention.

Fig. 5 is a perspective wview of a characteristic
part of the antenna assembly 10' illustrated in ?ig. 4. As
shown in ¥Fig. 5, a combination of the dielectric joint

menmber 3 and the coil bobbin 7 is manufactured by the ABS



t he radi o communi cati on device. The whip antenna is

10 provided with a stopper 5 fixedly nounted on a |lower or an inner end
of the conductive rod 1 of the whip antenna. When the whip antenna is in
an extended position, the stopper 5 is brought into contact with the

hol der 4 so that the whip antenna is copgected to the electrical circuitry
t hrough the stopper 5 and the hol der 4. A helical antenna (or a

helical coil) 2 is enclosed in a dielectric cap 11 and is

carried on a top

end of the PRHVPemEsn@a folredpeodotrti.c SapsddquéstDy pva detedétdrmined

conductive sleeve 6 at a |ower end electrically connected

to the helical

antenna 2. PREHEM of the digdegtric jornscmenbes Bhendoadathexe rod 1 of
the whip antenna, through the conductive sleeve 6. A dielectric joint

nmenber

whi p antenn@h@%&ﬁﬁﬂ B&L%gg% Egefggﬂd%ﬁgiggnaggt%be sleeve 6 and 6a of

the thin film having a thickness of about 2 gm.

Referring to Fig. 6, description will be made about
a method of manufacturing the formed product (that is, the
combination of the dielectric joint member 3 and the coil
bobbin 7) illustrated in Fig. 5. A product is prepared
which has a cavity 6b formed at its center and having a
diameter @ of 1.9mm to flow the dielectric resin
therethrough. The dielectric joint member 3 and the coil
bobbin 7 are formed by the insulation molding when the
product and the conductive rod 1 are inserted into a mold.
In this event, the dielectric joint member 3 has a gap
formed at its lower end and having a depth on the order of
3mm for insertion of the tuge 9 (Fig. 4). The tube 9 is
inserted with the conductive rod 1 covered thereby.

With the above-mentioned manufacturing method
according to the embodiment of this invention, the antenna
can be lightehed in weight to about 2.5g or less as
compared with about 4.5g of the conventional antenna in
which the cdﬁductive sleeve, the stopper, and the holder
are formed by free-cutting brass. Since each tomponent is
prepared by forming, the components as many as about twice
can be prepared within a same time period. In addition,

the present method contributes to the reduction in cost.

3 | PO EFT I8N BR e BhdtBei Feid| bebbin dnarensubdpctad tof the



the dielectric tube 9, the stopper 5, and the holder 4. The conductive rod
1 of the whip antenna is electrically separated fromthe helical antenna
by the dielectric joint nenber 3. Wien the antenna assenbly is in a
retracted position where the whip antenna is retracted in the housing,

the conductive sleeve 6 is brought intoléontact with the holder 4 so that
the helical antenna 2 is connected to the welectrical circuitry through the
conductive sleeve 6 and the hol der 4. The above-nenti oned
configuration is SHFYEI tt® €& 7of aphantenpenpsesmblaniinacassdibgy 60

rbs 2ane B e SRR, 5 R PRGN S e
6 and t he T db o PR S e AR Sl ERTER vty
not great erardthdtins HSSMSIY¥ 110", the coil bobbin 7 and the dielectric
cap 11 are integrally formed with the dielectric joint
member 3. Like in the antenna assembly 10' of Fig. 4, the
conductive sleeve 6 of a thin conductive film 12 is formed
on the dielectric joint member 3 by.the use of plating or
coating process.

Fig. 8 is a characteristic part of the antenna
assembly 10" illustrated in Fig. 7. As shown in Fig. 8,
the helical antenna 2 is also of a thin conductive film 12
formed on the coil bobbin 7 by the use of plating or
coating process.

In Fig. 8, the dielectric joint member 3 and the
coil bobbin 7 are integrally formed as a formed product by
dielectric resin, specificaiiy, by nylon and ABS polymer in
the illustrated example. Subsequently, a predetermined
portion of the dielectric joint member 3 and another
predetermined portion of the coil bobbin 7 are subjected to
Ni or Cr plating to form the conductive sleeve 6 and the
helical antenna 2 of the thin conductive film 12 having a
thickness of about 3 #m. On forming the thin conductive
film 12, use may be made of at least one of black Cr, Sn,
solder, Cu, Ag, and Au instead of Ni and Cr. The
dielectric cap 11 is formed on the coil bobbin 7 by the

dielectric resin.



In the non-separate type antenna assenbly, each of the stopper, the
conductive sleeve, and the holder may be fornmed by a light netal having a
specific gravity not greater than 3 g/cnferr] like in the separate type
antenna assenbly 10. Preferably, the light netal contains at |est
one of alum num (having a specific grawyty 2.69 g/cnferr]) and magnesium
(having a specific gravity 1.74 g/cnferr]). For exanple, the light netal
essentially consists of 0.4%or less Si, 0.7%or |less Fe, 5.0-6.0% Cu,
0.30% or |ess zn, The diplegigiic jgoind: gumbier ghd s mravddedc@ish al gaphi s

I nvention, angAu- aglo¥ AfOll can, be ed as the light netal having the
above- ment i DnEYRMHBEi T FE-OHRE TR FERE 2 1FeR R I Ehe, QFder A2017

may be used.eT Lol h [ ol t gestricted to 011 as far as
i t>s/ corrpos?fi%“r?ﬁf% Ighﬁmi:t%%nfcﬁgeéa%ov&e{@bnh oé_née’%icé%n:g%s.er e& The i ght
metal may be a forERd & 1Y ¥d Fig MY € thaPeGdd @Aliley 3:1%'&%1:&19%&9%% may

be formed by at | east one ™ machi ni ng process sel ecte rom cutting,
casting, i N¢ERALOBivEaDLEd NY, corsirsd Nt sy . A surface of the |ight

metal may be subjected to

Referring to Fig. 10, description will be made about
a method of manufacturing the formed product (that is, the
combination of the dielectric joint member 3 and the coil
bobbin 7) illustrated in Figs. 8 and 9. A product is
prepared which has a cavity 13 formed at its center and
having a diameter ¢ of 1.9mm to flow the dielectric resin
therethrough. The dielectric joint member 3 and the coil
bobbin 7 are formed by the insulation molding when the
product and the conductive rod 1 are inserted into a mold.
In this event, the dielectric joint member 3 has a gap
formed at its lower end and having a depth on the order of

3mm for insertion of the tuBé 9. The tube ¢ is inserted

with the conductive rod 1 covered thereby.



zincate treatnment followed by electroless N plating to a ”"Imﬂmmlﬁ llﬂu ll
[errlmor less. After the electroless N plating, the the l
be coated with an electrolytic nickel filmand subjected to*nitket *

sul f amat e 12 treatnent, followed by
black Cr plating to a thickness betweebh8l1 and 3 [err]m Remai ni ng

conductive portion except the stopper 5 the conductive sleeve 6, and the
hol der 4 may be formed by the use of a material having a small specific

gravity. Next description will be nmade about a specific exanple
of a nmet hoqduply MAN ﬂ q?snt he antenna 10 illustrated in Fig. 3.
The three conponents e stopper 5, the conductive sl eeve 6, and the

rI—]Iglrgie:l, 4alnI !AIU-SHJa&gFI%IE %%%mﬁ%gﬁf%ﬁu%ﬁi@? ﬁoy A2001 has a
position and a retracted position and comprising a whip
antenna provided with a stopper of a conductive material at
a lower end of said whip antenna, a helical antenna
provided with a conductive sleeve mounted on a top end of
said whip antenna, and a holder of a conductive material
for slidably holding said whip antenna, said holder being
electrically connected to said stopper when said whip
antenna is in said extended position, said holder being
electrically connected to said conductive sleeve when said
whip antenna is in said retracted position, wherein:

each of said stopper, said conductive sleeve, and
said holder is of a light metal having a specific gravity
not greater than 3 g/cm?.

2. An antenna assembly as claimed in claim 1,
wherein said light metal comprises at least one of aluminum
and magnesium.

3. An antenna assembly as claimed in claim 1,
wherein said light metal essentially consists of 0.4% or
less Si, 0.7% or less Fe, 5.0-6.0% Cu, 0.30% or less Zn,
0.2-0.6% Bi, 0.2-0.6% Pb, and the balance Al in weight.

4. An antenna assembly as claimed in claim 1,
wherein a surface of said light metal is subjected to
zincate treatment followed by electroless Ni glating to a

thickness of 7 fm or less.



tensile.strength of 420 MPa which is conparable to the ten
422 MPa of a free-cutting brass C3560 wused in the conventl I“mlml mammm
Theréfore, it is believed that no nechanical problemoccurs.* ¢

order to inprove corrosion resistance and wear resistance, the surface of

each of these alumi num conponents was piBated in the foll owi ng manner. At
first, the surface of the material was subjected to Zn repl acenent

te t t t | ectr ol Ni _plati t hi ck f 7
Eéi?f?n o | s Tl o, sHEleha RaSEpbIYCRE c%ﬁiv%h' E%ncﬁﬁ%‘m der of &
[err]mto Ohtxé’:‘:é‘lﬁ” ﬂ‘téi:'g&ld%@éégd:@i@éé’ m{ 'P%’ |4 sol uﬁ-{{’& t he sl eeve

4, the Ni filmis further treated a nlckel on and then

subj ect ed tebhBCiks GoRtéd i with Cad ém@kf@ﬁftmtﬂmﬂ £ 20! a%uier rJm Thus,
products were obtained.
For conpar i subrjectdnd| ternilckel ssulbfemate tarshtament, followed by black

Cr plating to a thickness between 1 and 3 ym.

6. An antenna as claimed in claim 1, wherein said
light metal is formed by at least one machining process
selected from cutting, casting, injection molding, and
sintering.

7. An antenna as claimed in claim 1, further
comprising a dieleétric joint member mounted on the top end
of said whip antenna and fixed to said conductive sleeve so
that said whip antenna is electrically separated from said
helical antenna.

8. An antenna assembly movable between an extended
position and a retracted position and comprising a whip
antenna provided with a stopper of a conductive material at
a lower end of said whip antenna, a dielectric joint member
mounted on a top end of said whip antenna, an antenna top
mounted on said dielectric joint member and including a
helical antenna and a conductive sleeve connected to said
helical antenna, and a holder of a conductive material for
slidably holding said whip antenna, said holder being
electrically connected to said stopper when said whip
antenna is in said extended positioﬁ, said holder being
electrically connected to said conductive sleeve when said

whip antenna is in said retracted position, wherein:



sleeve 6. simlar in shape to those illustrated in Fig. 3 were prepared by
the use of the above-nentioned brass. The conponents according to
the first enbodiment of this invention and the conventional products were
measured and conpared. As a result, an average weight was equal to 4.12g
(the nunber of neasured sanples n = 10) Zlor the conventional products. For
the products of this invention, the average weight was equal to 2.53g (n =

10). Thus, as t he conventional pro cts ht. coul d
be reduced to abOtrJ%) [ﬁ‘fiﬂi@cu‘ ic dgin gttt q’éﬁ‘héﬁe qtrFJKFEI ght

of the antgggan wWhich in turn contributes to the |ightweight structure of
a whol e of the nobile tel ephone term nal set. Turing to Fig. 4, an

antenna assenbly 19! a&Cendtichsia stémBQ?OaQ eThedbaeRh ehalili 8, nvention
conprises simlar parts designated by ke reference nuneral s’ The antenna

assenbl y 10wheoejpni saidt dtehetteit resin2compiilsed & BattomdDddhlary Of
dielectric (or insulating) resin. Likewise, the dielectric cap 11 is also
of diel ectréempeynd; An antenna top which includes the helical coil 2, the
coil bobbin 7, and the dielectric cap 11 is formed by nol ding
An antenna assembly as claimed in claim 9,

wherein said macromolecular compound comprises at least one

selected from ABS (acrylonitrile butadiene styrene) polymer,

PPS (polyphenylene sulfide), nylon, and polybutyrene

terephthalate.

11. An antenna assembly as claimed in claim 8,
vwherein said conductive sleeve is of a thin conductive film
formed on a predetermined portion of said dielectric joint
member by the use of plating or coating process.

12. An antenna assembly as claimed in claim 11,
wherein said thin conductive film comprises at least one
selected from the group consisting of Ni, Cr, black
chromium, Sn, solder, Cu, Ag, and Au.

13. An antenna assembly as claimed in claim 11,
wherein said thin conductive film is electrically separated
from said whip antenna and is connected to said helical
antenna.

14. An antenna assembly as claimed in claim 13,
said antenna top further comprising a coil bobbin on which
said helical antenna wound, wherein said coil bobbin is

also formed by said dielectric resin, said dielectric joint

member being integrally formed with said coil bobbin.



with the-dielectric resin. The conductive sleeve 6 is of a tBﬂ
formed on the dielectric joint menber 3 of dielectric resin ﬂ' m mﬂ“””ﬂl""“
plating or coating process. The tube 9 of the whip antenna 8 s &l s

dielectric resin. In the illustrated antenna assenbly, the whip antenna 8
and the helical antenna 2 are insulated2&thin
14 the dielectric jOInt menber 3 with an interval of several millimeters

| eft therebetween & a he a tenn This is a
et ract ecT: éﬂl{gat asyefih1 at%‘e gr%‘tae%gt in Slain ”ﬁe

so-cal | ed extende e sepa

di el ectric pagsinaftesnshtep Ehetnak! cQﬂBPing t&feﬂééLff&rér:rDPecu:f.&ﬂ

dielectric joint nenber 3, and the tube 9 cofrprises a nacro
conpound. Theveracsaidl helliealcanpennd weundi 68Ssaidl 8381 WoELSE! ect ed

fromABS (acrylonitrile butadiene styrene) pol ynmer, PPS (polyphenylene

sul fide), nyheneimngapdl dbelectniéc cap is also formed by said
dielectric resin, said dielectric joint member being
integrally formed with said coil bobbin and said dielectric
cap.

16. An antenna assembly as claimed in claim 14,
wherein said helical antenna is of a thin conductive film
formed on said coil bobbin of a rod shape by the use of
plating or coating process.

17. An antenna assembly as claimed in claim 186,
wherein the helical antenna of said thin conductive film

comprises at least one selected from the group consisting

of Ni, Cr, black chromium, Sn, solder, Cu, Ag, and Au.



t erepht hal at e. The the conductive sleeve 6 is of the thin film§®6
conprising at |east one selected fromN, C, black chromum Sn, solder
Cu, Ag, and Au. Preferably, the dielectric joint nenber 3
substantially conprises nylon excellent in high-strength insulation and
bend durability and is integrally formed wth the coil bobbin 7.

The top end of the whip antenna 8 is int&fally forned with the coi

bobbin 7 and the dielectric joint menber 3. Next, description wll
be made about a nethod of rmanufacturing the antenna assenbly 10" according
to the second enbodinent of this invention. Fig. 5 is a perspective

view of a characteqgﬁﬂb&“ﬂggﬁijgkﬁggguggkﬁﬁﬂ$lassenbly 10" illustrated in
Fig. 4. As shown in Fig. 5 a conbirnation of the dielectric joint nenber
3 and the coil bobbin 7 is manufactured by the ABS

LIGHTWEIGHT ANTENNA ASSEMBLY COMPRISING A WHIP ANTENNA AND

A HELICAL ANTENNA MOUNTED ON A TOP END OF THE WHIP ANTENNA

In an antenna assembly (10) including a whip antenna
(1, 9) provided with a stopper (5) of a conductive material
at a lower end of the whip antenna, a helical antenna (2)
provided with a conductive sleeve (6) mounted on a top end
of the whip antenna, and a holder (4) of a conductive
material for slidably holding the whip antenna, each of the
stopper, the conductive sleeve, and the holder is of a
light metal having a specific gravity not greater than 3

g/cnﬁ. The holder is electrically connected to the stopper

when the whip antenna is in an extended position. The
holder is electrically connected to the conductive sleeve
when the whip antenna is in a retracted position. The
light metal may includes at least one of aluminum and
magnesium. Alternatively, the light metal essentially

consists of 0.4% or less Si, 0.7% or less Fe, 5.0-6.0% Cu,

FIG. 3



pol ymer as a forned product. Subsequently, a predeterm ned portion of the
dielectric joint nenber 3 and another predeterm ned portion of the coil
bobbin 7 are subjected to chromumplating to formthe conductive sl eeve 6
and 6a of the thin filmhaving a thickness of about 2 gm

Referring to Fig. 6, description will be nmade about a nethod of

manuf acturing the forned product (that is, the conbination of the
dielectric joint menber 3 and the coil bobbin 7) illustrated in Fig. 5. A
product is prepared which has a calfy 6b fornmed at its center and having
a dianmeter [err] of 1.9mmto flow the dielectric resin therethrough. The

dielectric joint nenber 3 and the coil bobbip_7 are forned by the
i nsul ati on nol di ng when the product and the nductive rod 1 are inserted
into a mld. In this event, the dielectiFTt-Toint nenber 3 has a gap-
formed at its |ower end and having f d on e order of 3mmfor
insertion of the tube 9 (Fig. 4). e 9 inserted wth the
conductive rod 1 covered thereby.
5 .
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Wth the. above-nenti oned manufacturing nethod according to the enbodi nent
of this invention, the antenna can be lightened in weight to about 2.5g or
| ess as conpared with about 4.5g of the conventional antenna in which the
conductive sl eeve, the stopper, and the holder are forned by free-cutting
brass. Since each conponent is prepared by form ng, the conponents as nany
as about twice can be prepared within a sane tinme period. In addition,

the present nmethod contributes to the gmguction in cost.

Turning to Fig. 7, an antenna assenbly 10" according to a third

enbodi nent of this invention conprises simlar parts designated by |ike
reference nunerals. In the antenna assenbly 10" , the coil bobbin 7 and
the dielectric cap 11 are integrally forned W& the dielectric joint
menber 3. Like in the antenna assenbl 10 of“Fig. 4, the conductive
sleeve 6 of a thin conductive film I
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on the dielectric joint nmenber 3 by the use of plating or coating process.
Fig. 8 is a characteristic part of the antenna assenbly 10" illustrated in
Fig. 7. As shown in Fig. 8 the helical antenna 2 is also of a thin
conductive film12 fornmed on the coil bobbin 7 by the use of plating or

coating process. In Fig. 8, the dielectric joint nmenber 3 and the
coil bobbin 7 are integrally forned as a forned product by dielectric
resin, specifically, by nylon and ABS polyner in the illustrated exanple.

Subsequently, a predetermned portion of the dielectric joint nmenber 3 and
anot her predeterm ned portion of thg/ oi I bobbin 7 are subjected to N or
Cr plating to formthe conductive sl e 6 and the helical antenna 2 of
the thin conductive film 12 having a thickness of about 3 [err]m On
formng the thin conductive film 12, use may be nmade of at |east one of
black Cr, Sn, solder, Cu, Ag, and Au instead of N\ and Cr. The dielectric
cap 11 is fornmed on the coil bobbin Z e I ldi el ectric resin.

Ll
G




17 - The dielectric joint nmenber 3 is provided with a gap S forned
at its lower end and having a depth on the order of 3mm so that the tube 9
(Fig. 7) can be inserted. Referring to Fig. 9, the tube 9 is
inserted with the conductive rod 1 covered thereby. Referring to
Fig. 10, description will be made about a nethod of manufacturing the
formed product (that is, the conbination of the dielectric joint nmenber 3
and the coil bobbin 7) illustrated in Figs. 8 and 9. A product is
prepared which has a cavity 13 fornmed at its center and having a dianeter
[err] of 1.9nmto flow the dielectridf/tiesin therethrough. The dielectric
joint nmenber 3 and the coil bobbin 7 are formed by the insulation nolding
when the product and the conductive rod 1 are_jnserted into a nold. 1In
this event, the dielectric joint nmenber 3 has gap forned at its |ower
end and having a depth on the order of j 3 or insertion of the tube 9.
The tube 9 is inserted 11 { 2

FIG. 4



wi th the. conductive rod 1 covered thereby.

18 _WHAT IS CLAIMED | S: 1. An antenna assenbly novabl e between an
extended position and a retracted position and conprising a whip antenna
provided with a stopper of a conductive naterial at a |ower end of said
whi p antenna, a helical antenna provided with a conductive sl eeve nounted
on a top end of said whip antenna, and a holder of a conductive materi al
for slidably holding said whip antenna, said holder being electrically
connected to said stopper when said whip antenna is in said extended
position, said holder being elect$f8ally connected to said conductive

sl eeve when said whip antenna is in said retracted position, wherein:
each of said stopper, said conductive sleeve, and said holder is of a

| ight metal having a specific gravity




not greater than 3 g/cnferr] 2. An antenna assenbly as clainmed in
claiml1l, wherein said |light netal conprises at |east one of alum num and
magnesi um 3. An antenna assenbly as clained in claim1l, wherein
said light netal essentially consists of 0.4%or less Si, 0.7%or |ess Fe,
5.0-6.0%Cu, 0.30%or less Zn, 0.2-0.6%Bi, 0.2-0.6% Pb, and the bal ance
Al in weight. 4. An antenna assenbly as clainmed in claiml1l, wherein
a surface of said light nmetal is subjected to zincate treatnent followed
by electroless N plating to a thickness of 7 [err]mor |ess.

19 5. An antenna assenbly asggpaimed in claim4, wherein, after
said electroless Ni plating, said light netal is coated with an
electrolytic nickel filmand subjected to nickel sulfamate treatnent,
fol |l onwed by bl ack




Cr plating to a thickness between 1 and 3 [err]m 6. An antenna as

clained in claiml, wherein said |ight netal is forned by at |east one
machi ni ng process selected fromcutting, casting, injection nolding, and
sintering. 7. An antenna as clainmed in claiml1, further conprising

a dielectric joint nenber nmounted on the top end of said whip antenna and
fixed to said conductive sleeve so that said whip antenna is electrically
separated fromsaid helical antenna. 8. An antenna assenbly novabl e
bet ween an extended position and a retracted position and conprising a
whip antenna provided wth a stoppey/iof a conductive material at a |ower
end of said whip antenna, a dielectric joint nenber nounted on a top end
of said whip antenna, an antenna top nounted on said dielectric joint
menber and including a helical antenna and a conductive sl eeve connected
to said helical antenna, and a hol der of a copBuctive material for
slidably holding said whip antenna, said h er being electrically
connected to said stopper when said Wfip tenna is in said extended
posi tion, said hol der being
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electrically connected to said conductive sleeve when said whip antenna is
in said retracted position, wherein:

20 said dielectric joint menber is formed by dielectric resin.
9. An antenna assenbly as clained in claim8, wherein said dielectric
resin conprises a macronol ecul ar conpound. 10. An antenna assenbly

as clainmed in claim9, wherein said nmacronol ecul ar conpound conpri ses at
| east one selected fromABS (acrylonitrile butadi ene styrene) polyner,
PPS (pol yphenyl ene sul fide), nylon, and pol ybutyrene terephthal ate.

11. An antenna assenbly as cl ai ned QD g'aim8, wherein said conductive
sleeve is of a thin conductive film %orned on a predeterm ned portion of
said dielectric joint nenber by the use of plating or coating process.
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12. An antenna assenbly as clained in claim1l, wherein said thin
conductive filmconprises at | east one selected fromthe group consisting
of Ni, C, black chromum Sn, solder, Cu, Ag, and Au. 13. An
antenna assenbly as clainmed in claim1l, wherein said thin conductive film
is electrically separated fromsaid whip antenna and is connected to said
hel i cal antenna. 14. An antenna assenbly as clainmed in claiml13,
said antenna top further conprising a_¢oil bobbin on which said helical

ant enna wound, wherein said coil bobb?0% s al so forned by said dielectric
resin, said dielectric joint nenber being integrally formed with said coi
bobbi n. 21 15. An antenna
assenbly as clainmed in claim14, said an}enna top further conprising a
dielectric cap which covers said helicalf antenna wound on said coi

bobbi n,

12
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wherein,said dielectric cap is also forned by said dielectric resin, said
dielectric joint menber being integrally formed with said coil bobbin and
said dielectric cap. 16. An antenna assenbly as clainmed in claim
14, wherein said helical antenna is of a thin conductive film fornmed on
said coil bobbin of a rod shape by the use of plating or coating process.
17. An antenna assenbly as clainmed in claim 16, wherein the helical
antenna of said thin conductive fil mofgonpri ses at | east one sel ected from
the group consisting of N, C, black chromum Sn, solder, Cu, Ag, and

Au.
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