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(7). Abstract

A dual band antenna for a radio terminal consists of a retractable
whip antenna (10) and a helical antenna (30) with irregular pitches,
wherein the whip antenna (10) is independent of the helical antenna
(30). The helical antenna (30} includes first and second helical portions 1n—+t
(35) having first and second pitches, respectively and the first and ’ '
second helical portions (35) are operable at different frequency bands - 21
independently. The whip antenna (10) includes a conductive core
line (12), a conductive substance (13) covering a first portion of the
conductive core line (12) to serve as a choke and an isolation element
extending from an upper end of the conductive core line (12), for
filling a gap between the conductive core line (12) and the conductive
substance (13). Here, only the first portion of the conductive core line
is operable at a first frequency band and the entire conductive core line o 12
(12) is operable at a second frequency. A fixing element (40) fixes the
helical antenna (30) and the whip antenna (10) to the radio terminal
(60). The fixing element (40) has an upper end connected to a lower

end of the helical antenna (30) and a through hold via which the whip 30
antenna (10) is inserted into an interior of the radio terminal (60). : \ 15 12
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15 greater than 1.25. As illustrated, the antenna is conposed of a common

nonopol e antenna, a coaxial transm ssion |ine having an open.ﬂqxﬁ@%&%ued
end, and a"&?é’?fﬁ@%l ane. In FIG 1, a coaxial transm ssion |line’'choke 12i

is formed at the middle of the antenna and has an electrical length [err]/4
at the higher frequency band of the duéllffequency band. At the higher
frequency band, the [err]/4 sl eeve choke 12i forns a very high inpedance 2
O between the open end and an extension el enent 100 of the coaxial feed

| i ne, thereby WO 99/ 43042

PCT/ KR99/ 00081 -2- prpUAT. BANDANTENNA FORFAPIG TERMONAN. N0l y, at the
hi gher frequency band, only the porfiron represented by I (lTustrated in

FIG 2 functions as the antenna. However, at the lower frequency band, the
sl eeve choke 12i does not serve as _an isolation elenent so that the entire

portion represented by P fBACKGROUND OXJIIEEINVENTHON,.

1. Field of the Invention

The_presént invention relates to a dual band antenna for a radio terminal capable

5 of efficient operation at two different frequency bands.

2. Description of the Related Art

In general, to implement a dual band antenna using a single antenna, an additional
element such as a choke is required for enabling respective pasts-of the antenna to -
independehtly’operate at different frequencies. U.S. Patent Nos. 3,139,620 and 4,509,056

10 disclose an antenna employing a choke, to permit.operation at multiple frequencies.

U.S:Patent No. 4,509,056 (the ‘056 patent) discloses a multi-frequency antenna
employing tuned sleeve chokes. FIG. 1 of the ‘056 patent illustrates a cross sectional view
of a monopole antenna operating at dual frequencies. This antenna is suitable for a-radio

+ terminal in which the frequency is not isolated by harmonics and the frequency ratio is
| 15 greaterthan 1.25. Asillustrated, the antenna is composed of a common monopole antenna,

a coaxial transmission line having an open end, a shorted end, and 2 ground plane.

In FIG. 1, a coaxial transmission line choke 12i is formed at the middle of the
antenna and has an electrical length A/4 at the higher frequency band of the dual frequency
band. Atthe higher frequency band, the A/4 sleeve choke 12i forms a very high impedance

20 between the open end and an extension element 100 of the coaxial feed line, thereby



5 A drawback associated with the conventional dual band antenna

enpl oying a choke is that it is both conplicated and | arge, as conpared *
with a sindY@o%4¥2 ant enna. Further, the |arge antenna may b&CEARI(P0081
damaged by a trivial inmpact. In addition, the conventional fixed (i.e.,
irretractable) antenna may inconveni ence2 auser in carrying the radio
termnal . SUVMARY OF THE | NVENTI ON 10 It is therefore an object" of
the present invention to provide a dual band antenna for a radio term nal,
consisting of a retractable whip antenna and a helical antenna with

i rregul ar praventing coupling theretrasween. pAgeordingly, at therhighee fitquencytband,coriy thec al
antenna. To achi eve the above object, there is provided a dual band antenna
for a radi pottionrepessented by Jdilystratedtin|BIGA fimatiensmas theantegnd.i Howeser at theond
helical portions having first and 15 second pitches. The first and second
hel i cal poldYediEcapenyPanfdap lses hole dRkdoss et sarveias aniselation plementsothifands.

The dual bagnd antenna further ..n des a whip antenna including a
conduct i veal,eo?"girﬁf?%f)nﬁellfﬁ qy\c}ieﬁg’ﬁﬂg‘fseﬂ? g ¢ 39e03f | r st portion of

the conductive core line to serve as a choke and an i sol ati on el enent
extendi ng from an upper .end of the conductive core line, for filling a gap

bet ween _ ghe con %&%\S&cﬁ%&&i&w&ﬁﬁﬂ% doliferftBAAHGR] BoGd antenna employing a choke

is that it is both complicated and large, as compared with a single band antenna. Further,
the large antenna may be easily damaged by a trivial impact. In addition, the conventional

fixed (i.e., irretractable) antenna may inconvenience a user in carrying the radio terminal.

SUMMARY OF THE INVENTION

10 1t is therefore an object of the present invention to provide a dual band antenna for
aradio terminal, consisting of a retractable whip antenna and a helical antenna with irregular

pitches, wherein the whip antenna is independent of thé helical antenna.

To achieve the above object, there is provided a dual band antenna for a radio

terminal, including a helical antenna having first and second helical portions having first and

15 second :pitches. The first and second helical portions being independently operable at
different frequency bands. The dual band antenna further includes a whip antenna including

a conductive core line, a conductive substance covering a first portion of the conductive
core line to serve as a choke and an isolation element extending from an upper end of the
conductive core line, for filling a gap between the conductive core line and the conductive

20 substance, wherein only the first portion of the conductive core line is operablé at a first
frequency band and the entire conductive core line is operable at a second frequency; and

a fixing element for fixing the helical antenna and the whip antenna to the radio terminal,

wherein the fixing element has an upper end connected to a lower end of the helical antenna



2 0 substance, wherein only the first portion of the conductive core |line
S opérablgwaggauh&rst frequency band and the entire conductiyerkRb8odos'e
i s operabl e at”"a second frequency; and a fixing elenment for fiXxing t%e
hel i cal antenna and the whip antenna to the radio termnal, wherein the
fixi ng el enent has an upper end connected to a | ower end of the helical
ant enna WO 99/ 43042

PCT/ KR99/ 00081 -3- and a through hold via which the whip antenna is

the. i1t MR iropel bofrvie sl 16 b HEsmne fLnsutoitio,im eger o Begadiond
hel i cal ' . _knventi.on is that t he .whi
e oal POl i By ol S R Bk AR S PRSP <
oper abl e arlﬂ‘tﬁ??edoﬁ&’ gﬁdapgorg gment of the whip antenna is |ocated in the

t hrough hole of the fixin ement, so as to decouple the whip

[e]

A feature of the present invention is that when the whip antenna is retracted into the
5 radio terminal, only the helical antenna is operable and the isolation element of the whip
antenna is located in the through hole of the fixing element, so as to decouple the whip

antenna fr_om the helical antenna.

A ratio of the first frequency band to the second frequency band is controlled by
adjusting the number of turns of a coil constituting the helical antenna, while the first and

10 second pitches of the first and second helical portions are fixed to specified values.

Further, the fixing element has screwed teeth formed at a lower, outer wall for

fixing the fixing element to the radio terminal.



antenna fromthe helical antenna. A ratio of the first frequency band to
the second frequency band is controlled by adjusting the nunber of turns of
a coil conwo9aM43042) t he helical antenna, while the first andPCH/KRILES!
pitches of the first and second helical portions are fixed to specified

val ues. Further, the fixing elenment has g¢crewed teeth forned at a | ower,
outer wall for fIXI ng the fixing elenent to the radio térmnal. WO -

99/ 43042 PCT/ KR99/ 00081
-4- BRI EF DESCRI PTI ON OF THE DRAW NGS The above and ot her objects, features

and advant BRIFFODESIGRIFHION OF THE'DRAWINGS become nore apparent fromthe

follow ng detail ed description when taken in conjunction with the
acconpanyi ng drawings in which like reference nunerals indicate like par ts.
'n the The above and other objects, features and advantages of the present invention will
become more apparent from the following detailed descriptiop when taken in conjunction
with the accompanying drawings in which like reference numerals indicate like parts. In the
5 drawings:

FIG. 1 is a cross sectional view illustrating a monopole antenna capable of operating
at dual frequencies in accordance with the prior art;

FIG. 2 is a cross sectional view illustrating a dual band antenna consisting ofa
retractable whip antenna extended from a radio terminal and a helical antenna according to

10 an embodiment of the present invention;

FIG. 3 is a cross sectional view illuétrating the dual band antenna consisting of the
retractable whip antenna retracted into a radio terminal and the helical antenna according
to an embodiment of the present invention;

FIG. 4A is a diagram depicting a whip antenna to illustrate a periodic characteristic

15 of the resonant frequency; _ |

FIG. 4B is a diagram illustrating an impédance characteristic of the whip antenna
in view of a frequency axis shown in FIG. 4A;

FIG.5Aisa diagram illustrating a common helical antenna with regular pitches iﬁ
accordance with the prior art;

20 FIG. 5B is a Smith chart showing impedances at a frequency band including two
resonant frequencies of the helical antenna shown in FIG. 5A;

FIG. 6A is a diagram illustrating a helical antenna with irregular pitches according
to an embodiment of the present invention;

FIG. 6B is a Smith chart showing impedances at a frequency band including two

25 resonant frequencies of the helical antenna shown in FIG. 6A;

FIG. 7 is a diagram illustrating the impedance characteristic of the helical antenna



S drawings: FIG | is a cross sectional viewillustrating a nonopole

ant enha cap\gpl(ggmg&zoperati ng at dual frequencies in accordanw%mgl

prior art; I's a cross sectional viewillustrating a dua _
antenna consisting of a retractable whi psantenna extended froma radio
termnal and a helical antenna according® o 10 an enbodi nent of the present
‘invention; FIG 3 is a cross sectional viewillustrating the dual band
antenna consisting of the retractable whip antenna retracted into a radio

term nal and the heligal antenna according fo an, enbodi gent of the present
nverit on: AEpertings, & ing i e HRuBer OF firee of &0 CE3hat avest beten pesten (s
periodic c tefisiig. 15 of the resonant frequency; FIG 4B is a diagram
illustrati 2’%(’% a’leﬁnl%éeéfgz(riilte characteristic of the whip antenna in view of a

) SR L o 08 S o A ™
according to a change in the number of turns of the coil at a second helical portion (/5)
5 having a second pitch;

FIG. 9isa diagram illustrating the impedance characteristic of the dual band antenna
consisting of the whip antenna and the helical anfenna;

FIG. 10 is a diagram illustrating a radiation characteristic of the dual band antenna
at an AMPS (Advanced Mobile Phone Service) band according to one embodiment of the

10 present invention;

FIG. 11 is a diagram illustrating the radiation charactenstlc of'the dual band antenna
at a US PCS (Personal Communication Service) band.according to one embodiment of the
present invention;

FIG. 12 is a cross sectional view illustrating a dual band antenna consisting of a

15 retractable whip antenna and a helical antenna according to another embodiment of the
present invention, wherein the whip antenna is extended from the radio terminal according
to another embodiment of the present invenﬁon; -

FIG. 13 is a diagram illustrating. a VSWR (Voltage Standing Wave Ratio) of the
whip antenna when the dual band antenna is not matched in an extended state accofding to

20 another embodiment of the present invention;

FIG. 14 is a Smith chart showing a reflection coefficient of the whip antenna wheﬂ
the dual band antenna is not matched in the extended state according to another
embodiment of the present invention;

FIG. 15 is a diagram illustrating a VSWR of the whip antenna when the dual band

25 antenna is matched in the extended state; ' |
FIG. 16 is a Smith chart showing a reflection coefficient of the whip antenna when

the dual Band antenna is matched in the extended state; and



20 FIG 5B is a Smith chart show ng inpedances at a frequency band

I ncl udi ng two resonant frequencies of the helical antenna shown in FIG 5A,
FIG 6A iswoo§é2amillustrating a helical antenna wth irr8GEEKR99PBLhes
according to an enbodi nent of the present invention;, FIG 6B is a Snmth
chart show ng inpedances at a frequency 6anrd including two 2 5 resonant
frequencies of the helical antenna shown in FIG 6A;, FIG 7 is a diagram
illustrating the inpedance characteristic of the helical antenna WO

99/ 43042 PCT/ KR99/ 00081
according to a diGnyeisacrosssectionbivievHlustrating thé dual band ant&a cohsisting afshe

hel i cal portion (16) having a first pitch; FIG 8 is a diagramillustrating
t he i npedametsactaitde whipeantennaand the helichlaintanah aceording o anatberimizpdiment oftthenge

in the number of turns of the coil at a second helical portion (I5)
present invention, wherein the whip antenna is retracted into the radio terminal.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

5 A preferred embodiment of the present invention wﬂl be described hereinbelow with
reference to the accompanying drawings. In the following description, well known
functions or constructions are not described in detail since they would obscure the invention

in unnecessary detail.

A dual band antenna constructed in accordance with the present invention will be
10 described comprising a whip antenna and a helical antenna, wherein the whip antenna is

retractable into a radio terminal.

In a retracted state (See FIGs. 3 and 17), the whip antenna is complgtely retracted
into the radio terminal and only the relatively short helical antenna is protruded on the radio
‘terminal. Inthis state, only the helical antenna is operéble. Therefore, in the retracted state,

15 the overall length of the radio terminal becomes short, providing a good external
appearance. Further, the whip antenna is protected from external impact. The whip

antenna used in the present invention comprises two separate embodiments.

In a first embodiment, the whip antenna employs a choke structure which is widely

'uséd for dual band antennas. The choke structure of the whip antenna is comprised of a

20 conductive substance covering a conductive core line (See FIG. 2). In a second
embodiment, the whip antenna uses a simple matching circuit instead of the choke, to

implement the dual band antenna (See.FIG. 12).



5 having a second pitch; FIG 9 is a diagramillustrating the inpedance

characteri %\969 olire dual band antenna consisting of the whi pcapkRsvveosaand
t he heli cal an%enna; FIG 10 is a diagramillustrating a radiation

characteristic of the dual band antenna gt _an AMPS (Advanced Mobil e Phone
Servi ce) band according to one enbodi nent of the 10 present invention;. FIG
11 is a diagramillustrating the radi ation characteristic ofthe dual band
antenna at a US PCS (Personal Commrunication Service) band according to one
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according to
5 without using an additional frequency isolation element. Such capability permits the dual

band antenna of the present invention to be small in size and simple in structure.

FIG. 2 illustrates the dual band antenna assembled in a radio terminal (e.g., mobile
telephone), wherein a retractable whip antenna 10 is extended from the radio terminal to
extend an effective electrical length of the antenna, thereby improving a radiation

10 characteristic. The whip antenna 10 is composed of a conductive core line 12, a conduétive
substance 13 covering a first portion of the conductive core line 12 to serve as a choke, and

. an isolation element 11 for filling a gap between the conductive core line 12 and the
conductive substance 13. The isolation eiement -L1-extends from an upper end of the

. conductive'core line 12 to a specified extent. In the whip antenna 10, only the first portion
15 of the conductive core line 12 serves as the antenna at one frequency band and the entire

conductive core line. 12.serves as the antenna at another frequency band.

‘A helical antenna 30 is composed of first and'sécond helical portions /4 and I5
having different pitches, formed by winding a coil 35, and an isolation tube 20 for
protecting the first and second helical portions /4 and 5. With this structure, the helical

20 antenna 30 can operate at tﬁv’o independent ﬁ@ency bands by simply adjusting the pitches
of the coil 35 instead of using the additional frequency isolation element, with a
conventional dual band antenna. A metal fixing element 40 fixes the whip antenna 10 and
the helical antenna 30 to a chassis 60 of the radio terminal. A lower end of the coil 35
constituting the helical antenna 30 is connected to an upper end of the metal fixing element

25 40. The fixing element 40 has a through hole so that the whip antenna 10 may be inserted



20 anot her enbodi ment of the present invention; FIG 14 is a Smth chart
showing a reflection coefficient ofthe whip antenna when the dual band
ant enna i s womIMmdehed in the extended state according to andGT8cRI/00081
enbodi nent of the present invention; FIG 15 is a diagramillustrating a
VSWR of the whip antenna when the dual-band 2 5 antenna is matched in the
extended state; FIG 16 is a Smth chart showing a reflection coefficient
of the whip antenna when the dual band antenna is matched in the extended
state; .and WO 99/ 43042

PCT/ KRO9/ 0@i8 the fnterfdrQGf the rdio eermims viasthe thiongh hulee\FuirtHet Sd Iover Red tofehelual

band antenna consisting of the retractable whip antenna and the heli cal

ant enna ac fizingj eleménd 4@notdnmectedbmal printed oixcuit beard (PCB) 70 via a feed point 80 for
connecting the antenna to a signal source. In addition, the fixing element 40 has screwed
teeth formed at a lower, outer wall thereof. Herein, the screwed teeth functions as

S. combining a lower end of thé helical antenna 30 with the body of the radio terminal.

InFIG. 2, reference /1 denotes a length of a portion of the isolation element 11, in
which the conductive core line 12 does not exist. Reference /3 denotes a physical length
of the helical antenna 30 including the fixing element 40. Reference /7 denotes a length of
the whip antenna 10, which serves as the antenna at the higher frequency band of the dual

10 frequency bands. Reference /2 denotes a length of the conductive core line 12 of the whip
antenna 10. References /5 and /4 denote physical lengths of the second and first helical
portions of the helical antenna 30 having different pitches, respectively, wherein the first
helical portion /4 has the narrower pitch than that of the second helical portion /5.
Reference /6 denotes a length of a portion of the conductive core line 12, which is not

15 covered with the conductive substance 13. Reference /8 denotes a length of the first
portion of the conductive core line 12, which is covered with the -conducti've substance 13

to form the choke on the whip antenna 10 and has a length A/4 at the higher frequenéy.

FIG. 3 illustrates the dual Band antenna assembled iﬂ the radio terminal, wherein the

whip antenna 10 is retracted into the radio terminal. The whip antenna 10 is shown

20 completely retracted into the chassis 60 of the radioterminal, while the helical antenna 30
protrudes from the chassis 60. The helical antenna 30 fixed to the chassis 60 is much
shorter than the whip antenna 10. When the whip antenna 10 is retracted, only the helical

antenna 30 is operable.



present invention, wherein the whip antenna is retracted into the radio
termnal . DESCRI PTI ON OF THE PREFERRED EMBCODI MENT 5 $doos1
preferred Sﬁ%ﬁ%#ﬁ%%t of the present invention will be describégiﬁere|n%elow
with reference to the acconpanying drawings. In the follow ng description,
wel | known functions or constructions aré@ not described in detail si nce
they woul d obscure the invention in unnecessary detail. A dual band antenna
constructed in accordance with the present invention will be 10 described
conprising a whip antenna and a heglical. antenna, wherein the whip antenna
is retractabl e ilﬁp’oﬂé' gﬁ;s(ges[aeﬂwpﬁéqd_cwhp antenge to dius@atgapesiodiccchapactaristis and

_ . : : ot nal g
onl y the 1 & RTPRERETESREIPA KL DHTES1o8 BBt FARcEerste ot whip
termnal. In thi ta, _ . hel | cal tepna i s operable. Therefore,
in the retfact é%ﬁls‘?lé‘?é’?af%%ﬁ'é&?)%rs&m%ﬁg‘?'h&gf the radio terninal becomes
short, providing a good external appearance. Further, the whip antenna is
protected fromexternal inpact. The whip antenna used in the present

invention conprifpgyGt WB, 38R b YL R Pofits A and B having the lowest resonant

5 frequenciesis 3:1. Ifthe radio terminal operates at an exact frequency ratio f,/f, of 3:1, it

is possible to easily implement the dual band antenna using the characteristic shown in FIG.

4B. However, it is very rare that the dual band antenna will operate exactly at the correct
frequency ratio f,/fy of 3:1. Therefore, it is impossible to apply this characteristic to the

- dual band antenna having an unspecified frequency ratio. In the prior art embodiment,
10 illustrated in FIG. 1, a choke is formed at a specified position of the antenna in order to
construct an antenna having a resonant characteristic; at a desired frequency ratio. To
prevent a lowering of the radiation efficiency, the frequency ratio of the two resonant

- .. -frequencies of the dual band antenna may be adjusted uéing the choke formed at the middle
S of thé antenna, as shown.in FIG..1. In accordance with the teachings of the present
15 invention, the choke is not required. It is possible to obtain & desired frequency ratio
without using the choke by only adjustihg the pitch and/or the number of turns of the coil

35 constituting the helical antenna 30.

In the dual band antenna shown in FIGs. 2 and 3, the whip antenna 10 is retractable
and independent of the helical antenna 30. Now, a detailed description will be provided
20 wherein in an extended state of the antenna only the whip antenna 10 is operable, and in a

retracted state of the antenna only the helical antenna 30 is operable.

Extended State of Whip Antenna
Referring again to FIG. 2, the whip antenna 10 is completely extended from the

chassis 60 of the radio terminal. In this case, the fixing element 40 is connected to both the



In a first enbodi ment, the whip antenna enploys a choke structure which is
w dely used for dual band antennas. The choke structure of the whip antenna
i s conpri s8WO8Y4¥W420 conducti ve substance covering a conduct i”Fé"'é%*s’@qulne
(See FIG 2). In a second enbodi nent, the whip antenna uses a sinple
matching circuit instead of the choke,- tI® i+l enent the dual band antenna
(See FIG 12). WO 99/ 43042 :
PCT/ KR99/ 00081 -7- Wth reference to the retracted state ofthe antenna,
only the helical antenna portion of the dual-band antenna is operational.
That is, twdipvantensani@and the helival Antenta dhaHdweveh asincetthe helichl attehra 30 | ke
the conventional dual band antenna, this helical antenna can operate

i ndependentélgtivgly much ghartesie physicablengthdhanstheywhip aptiegnantf) arst is imycendtactpwitic hes
of a helical coil 5 wthout using an additional frequency isolation

el ement . S@%w@%qzqqatly, ﬁ@tpﬁ%ly,sthp pr¢hip) asenna 10 is just operated. This equivalence is

disclosed in U.S. Patent No. 5,479,178. Therefore, it is apparent that the dual band antenna
5 1s approximately equivalent to the whip antenna 10 when the whip antenna is in the

extended state.

Since the helical antenna 30 portion is negligible, the whip antenna 10 and the fixing
element 40 are only considered in the extended state of the antenna. Here, the whip
antenna 10 can be divided into the conductive core line 12 serving as a radiation substance,

10 the conductive substance 13 and the isolation element 11.

In the preferred embodiment, the choke for the higher frequency band is
implemented using a A/4 sleeve. The cﬁoke is implemented at the portion /8 where the
conductive core line 12 is covered with the conductive substance 13. Owing to the choke,
at the higher frequency band, the portion /6 of the whip aﬂtenna 10 is not operable and only

15 the portion /7 functions as the antenna. In FIG. 2, an impedance seen at a junction 14 of

17 and /6 towards the feed point 80 is defined as

Z gore = JZotan(2w/Ag X 8. ¢y
where Z,=60/,/g, xLn(b/a) ...............(2)

where Z ;. 1s a choke impedance,

20 Ay is a wavelength of the higher frequency out of the dual frequencies,
Z, is a characteristic impedance of the coaxial line, |
18 is the length of conductive substance 13 serving as the choke,

€, is a dielectric constant of the dielectric substance used for the coaxial line,



band antenna of the present invention to be small in size and sinple in
structure. LI lustrates the dual band antenna assenbl edy/ '

t erm nal (e‘fegg?mgn% ile tel ephone), wherein a retractable whi gpm#r{g&% S
extended fromthe radio termnal to ext _? an effective electrical length
of the antenna, thereby inproving a radiation 10 characteristic. The whip
antenna 10 is conposed of a conductive core line 12, a conductive substance
13 covering a first portion ofthe conductive core line 12 to serve as a

choke, and an .isolatiop,elenent. 11 fqor filling a gap between the conductive
core line 1®* “ﬁa‘f*%sfeﬂfﬁaﬁfﬁ v%ﬁ%?ﬁ‘é‘ﬁc‘é . The isolation elenment 11

extends fr . hye core line 12 to a speci.fied
extent. | n%?%’%%éﬂf@%ﬁggi%%%é 1#1 rst portion 15 of the conductive

core line 12 serves as the antenna at one frequency band and the entire
conductive core line 12 serves as the antenna at another frequency band. A
hel i cal antenna RQsiuad&eited s Yaublidmt(1 ' s RO 14. and
15 havi ng di fferen?_ pitches, for rggg %y W%ﬁgygﬁgéﬁ?%@@ gﬂ%déjrll%n%ﬁl"h’ts.i on
tube 20 f orapprédimatelyigfihibatthe KigheHTbqaaRybnd gl CoheP@E ARS8 id A7) Iinl this

Wth this structure, the helical 20 antenna _3’0 can operate at two
| ndependest cabse, eheiportipn ibofthe Witipanteany 1045 desbupled frbe the pErion /8 so that only the

portion /7 may serve as the antenna at the higher frequency band. On the other hand, at the

lower frequency band, the choke impedance Z,,, is not high enough to function as an
isolation element so that the entire portion /2 of the whip antenna 10 may serve as the

antenna.

10 Retracted State of Whip Antenna
. Referring to FIG. 3, when the whip antenna 10 is completely retracted into the

. chassis 60 of the radio terminal, the.isolation element 11 of the whip antenna 10 is

. positioned-in:the helical antenna 30 and the upper end of the conductive core line 12 is
located below. a lower-end of the fixing element 40, so that the fixing element 40 is

. 15 decoupled from the conductive core line 12 of the whip antenna 10. As a result, only the
helical antenna 30 can serve as the antenna. In this case, it can be considered that the
antenna of the radio terminal consists of the helical antenna 30 and the fixing element 40 for

fixing the helical antenna 30.

FIG. 5A illustrates a prior art helical antenna composed of a coil with a regular

20 pitch, and FIG. 5B is a Smith chart showing the impedances at a frequency band including
the two resonant frequency bands of the helical antenna of FIG: 5A. Here, the resonant
frequency ratio is about 3:1 and the impedances at the two resonant frequencies are

different from each other.



of the coil 35 instead of using the additional frequency isolation elenent,
with a conventional dual band antenna. A netal fixing elenent 40 fixes the
whi p_ant en¥0 9943042 t he helical antenna 30 to a chassis 60 oPCTARPANG
terminal. Alower end of the coil 35 constituting the helical antenna 30 is
connected to an upper end ofthe netal -fib@& rrg el enent 25 40. The fi xing

el ement 40 has a through hole so that the whip antenna 10 nmay be inserted
WO 99/ 43042 _

PCT/ KR99/ 00081 -8- into the interior of the radio term nal via the through
hol e. Further, &1Go@drillustates thetnovel helivgl antennan30 40mipesabof tiet el 39 with
printed circuit board (PCB) 70 via a feed point 80 for connecting the

ant enna t oirsegilagpitchesoanddG. 6B igg/Smith chart showing sheimpedapoesrat thedwioassonentened
teeth for rrg‘d at a outer wall thereof Herein, the screwed teeth

| oper [ .
functions H§dsency bench ¢ighehsligalantenna 39rofFlG. 6| Fees, thavesonsat Sequancyratioe
body of th?s ra%gll'o(>)t:ir'f1a(f"cotelg'1 93:1 and the impedances at the two resonant frequencies are

5 approximately equal.

It is known that an inductance of the coil is inversely proportional to the pitch. The
coil 35 conhstituting the helical antenna 30 has the first helical portion /4 and the second
helical portion /5 wherein the pitch of the first helical portion /4 is narrower than that of the
second helical portion /5, so that the inductance at the first helical portion /4 is higher than

10 that of the second helical portion /5. Here, the overall inductance of the coil is obtained by
j2rfL. Iffand L are high, the overall inductance of the coil 35 increases. Generally, when
the inductance increases, a current flowing to the coil décreases. Thus, at a high frequency
band, the inductance of the first helicgl portidn L4 is higher than the inductance of the
second helical portion L5 and the current flowing to the first helical portion L4 is smaller

: 15'._than the current flowing to the second helical portion L5. Accordingly, at the high

frequency band, actually, just the second helical portion L5 functions as an antenna.

Referring to FIG. 6B, the resonant frequencies of the antenna are 1972MHz and
904MHz, respectively. Thus, the resonant frequency ratio is approximately 2.2:1. As
previously stated, the resonant frequency ratio of fhe antenna can be controlled by adjusting

20 the pitches of the first and second helical portions /4 and I5. Table 1 shows the two
resonant frequencies f; and f;, and its ratio f,/f; asa function of the pitch of the first helical
portion /4. Here, it is assumed that the second helical portion /5 has the pitch 4.7mm and

an inner diameter 3.8mm, and the coil 35 has a diameter 0.4mm.

TABLE 1



In FIG 2, reference 11 denotes a length of a portion of the isolation

el ement - 11
13 denot es % rpgl‘zlym cal length ofthe helical

h t he conductive core line 12 does not eX| ,,[(Eg‘j@r
antenna 30 i ncl udi ng |X|ng

el ement 40. Reference 17 denotes a | eng of the whip antenna 10, which

serves as the antenna at the higher freduency band of the dual 10 frequency
bands. Reference 12 denotes a length of the conductive core line 12 of the
whip antenna 10. References |5 and 14 denote physical |engths of the second

and first
pitches, r
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FIG. 7 illustrates the impedance characteristic of the helical antenna 30 according

to a change in the number of turns of the coil 35 at the first helical portion 74 having the

first pitch.

Table 2 shows the two resonant frequencies fj; and f;, and their ratio f/f; as a

10 function of the pitch of the second helical pdrt‘ion I5. Here, it is assumed that the first

_ helical portion /4 has the pitch 0.6mm and an inner diameter 3.8mm, and the coil 35 has a

" diameter 0.4mm.

TABLE 2
Pitch of the Second Helical 4.7 57 7.6
15 Portion |
Resonant f:(MHZ) 2575 2522 2436
Frequency £ (MHZ) 1237 1233 1201
£/f 2.080 2.045 2.028

FIG. 8 illustrates the impedance characteristic of the helical antenna according 30

20 to a change in the number of turns of the coil at the second helical portion 15 having the



protrudes fromthe chassis 60. The helical antenna 30 fixed to the chassis
60 is much shorter than the whip antenna 10. When the whip antenna 10 is
retract ed, Wh?¥4304#e helical antenna 30 is operable. WO 99FY4RKRy9/00081

PCT/ KR99/ 00081 -9- FIG 4A illustrates a sinplified whip antenna to
Illustrate a periodic characteristic of1the resonant frequency, and FIG 4B
I llustrates an i npedance characteristic of the whip antenna in view of” a
frequency axis shown in FIG 4A In FIG 4B, a frequency ratio
fferr]/f[err] at,  points A and B having the | owest resonant 5 frequencies is
3: 1. If tsesondypite t er ni nal operates at an exact frequency ratio
flerr]/f[err] of 3:1, it is possible to easily inplenent the dual band
antenna using the characteristic shown in FIG 4B. However, it is very rare

that the dual b‘?ﬂg re‘félonr;a%{1 ﬂgqﬁ’gnl:iles Sfthe gﬁt%nnea),( %tsérXteg }n 'I'ari)?e ,%rxaryeafsto be changed

by changing the number of turns of the coil 35 while fixing the pitch to a specified value.

Table 3 shows the two resonant frequencies f; and f;, and their ratio f,/f; according
5 to the number of turns of the coil 35 at the second helical portion IS. Here, it is assumed
that the firSt and second helical portions /4 and /S have the pitches 1.3mm and 5.5mm,

respectively and an inner diameter 3.8mm, and the coil 35 has a diameter 0.4mm.

TABLE 3
Turns of Coil at Second 2 25 3 5
10 Helical Portion
Resonant | f£,(MHZ) 2624 | 2382 2190 1755
Frequency | ¢ vuz) 1183 1134 1086 899
£/5 221 2.10 2.02 1.95

Table 4 shows the two resonant frequencies f;; and f;, and their ratio f;/f; according
15 to the number of turns of the coil 35 at the first helical portion /4. Here, it is assumed that
the first and second helical portions /4 and /5 have the pitches 1.3mm and 5.5mm,

respectively and an inner diameter 4.6mm, and the coil 35 has a diameter 0.4mm.

TABLE 4

Turns of Coil at First 45 5.5 6.5 9.5

20 Helical Portion




frequency ratio flerr]/flerr]

this characygy
frequency r

t

A

atIO

o the dual

of 3:1. Therefore,

band ant enna havi ng an unspecpdi/R&99/00081

the prior art enbodinent, 10 illustrated in FIG 1,

choke is formed at a specified position
construct an antenna having a resonant characteristic at a desired

frequency r

atio.

it

I's inpossible to apply

the antenna in order to

To prevent a lowering of the radiation efficiency,

t he

a

frequency ratio of the two resonant frequencies ofthe dual band antenna may
be adj usted using thg choke forjned at thg mi ddle off the antenna, as shqwn
in FIG 1. IrResonantchnd'ﬁ(l\m-Ian tthe ZG%Chl ngs 2418 he |pre2233t 13 i byenti dn,

t he choke isfnot reqLi Fet—t—Hs—posstb4—te—obtati—a—desired—egquehrsy
rati o wi t hqutreguengy tih ke Ry adjjust | th anc/or e nynber
of turns of] the coil 3?‘-@” &l tutlmféﬁt hel i@% tenf?gg In dudl
band antenrfa shown in FIGs. 2 gnd 3, the whi p anterna 10 1S mr' and
i ndependent] of the Rgofical antgnna23q. Ndw, a3qetaill edadgscrifpti gmen | 1| be
provi ded 2 l0wherein i n-an-ext-dnded-stat of the antenna only the whip

antenna 10 i s operabl e,

heli cal ant

5

10

enna 30 is operable. Extended State of Whip Antenna
It is to be appreciated from Tables 3 and 4 that the resonant frequency ratio

decreases (i.e., approaches 1) with increasing number of turns at the second helical portion
/5. Ttis also observed that the resonant frequency increases with increasing number of turns

at the first helical portion /4.

Referring to FIG. 6B, the impedance cycles at the two resonant frequencies are
approximétely equal to each other. Accordingly, in the helical antenna 30, it is possible to

adjust the impedances at the two frequency bands to an approximately identical value

without-a-separate matching circuit, even though the'ratio of the two frequencies are not

~- exactly3:1. Asaresult, itis possible to obtain a desired dual-band antenna by adjusting the

15

20

pitch and the number of turns of the coil 35+ * - ' !

In the embodiment, the helical antenna 30 has the same impedance characteristic as
that of the whip antenna 10. That is, if the Whip antenna 10 has the impedance
characteristic shown in FIG. 7, the helical antenna 30 shoulc_i also have the same impedance
by adjusting the pitch and the number of turns of the coil 35. In this case, the helical

antenna 30 is also matched to a matching circuit used for the whip antenna 10.

In the meantime, a helical antenna having a single pitch has a periodic resonant
characteristic.
respective frequencies, it is impossible for the helical antenna to have the same impedance

as that of the whip antenna.

and in a retracted' state of the antenna only the

However, since this helical antenna has different impedances at the



Referring again to FIG 2, the whip antenna 10 is conpletely extended from
the chassis 60 of the radio termnal. In this case, the fixing element 40"
i s connect AMO®%4¥42 h t he WO 99/ 43042 PCT/KR99/00081
PCT/ KR99/ 00081 - 10 - whip antenna 10 and the helical antenna 30. However,
since the helical antenna 30 is rel ati-vélsy much shorter in physical length
than the whip antenna 10 and is in contact wwth the whip antenna 10, -
actually, the whip antenna 10 is just operated. This equival ence is
disclosed in U S. Patent No.5,479,178. Therefore, it is apparent that the
dual band ant enrfdGs iilustnates she impedancesherasteristics afshe theal banpantedmmauntéd when
the whip antenna is in the extended state. Since the helical antenna 30
portion is ondhe ragiptesminahia batl the extended stat@and the reteactedatatg. & ienoted thay the o
only consi dd%raleganldr;,ngegrela gt)l(c;[v?snt?xg gocsxs ?r;[a?ch(i)gg éhgfac?eigsggsngt'thye A.le'r 1 S %gzetl-g\&ll\p/ﬂ-lz)

band and the US PCS (1850-1990MHz) band.

5 FIG. 10 illustrates a radiation characteristic of the dual band antenna at the AMPS
band, and FIG. 11 iltustrates the radiation characteristic of the dual band antenna at the US

PCS band'according to one embodiment of the present invention.

FIG. 12 illustrates a dual band antenna consisting of the retractable whip antenna

10 10 and the helical antenna 30 éccording to another embodiment of the present invention,
wheretn the whip antenna is extended from the radio terminal. As illustrated, the whip
antenna 10 is in the form of a wire. In this embodiment, the dual band antenna is
implemented using a periodic resonant characteristic of the whip antenna 10, without using

the choke. Unlike the whip antehna shown in FIG. 2, the entire portion of the chokeless

15 whip antenna operates at both the higher and lower frequency bands.

‘The whip antenna 10 is composed of a conductive core line 12 and an isolation
element 1 extending from an upper end of the conductive core line 12. The helical antenna

30 has the same stnicture as that of FIG. 12.

In FIG. 12, reference // denotes a length of a pqxtion of the isolation element 11,

20 in which the conductive core line 12 does not exist. Reference /2 denotes a length of the
conductive core line 12 of the whip antenna 10. Reference I3 denotes a physical length of

the helical antenna 30 including the fixing element 40. References /4 and 15 denote physical

lengths of the first and second helical portions of the helical antenna 30 having different



antenna 10 can be divided into the conductive core line 12 serving as a
radi ation , 10 the conductive substance 13 and the i |

el enent 11%H$§$@ﬂ%gpreferred enbodi ment, the choke for the hﬂgﬂtr Qgﬁﬁ%ncy
band is inplemented using a [err]/4 Steﬁﬁﬁ; The choke is inplenented at the
portion 18 where the conductive core line 12 is covered with the conductive
substance 13. OmM ng to the choke, at the higher frequency band, the portion
16 ofthe whip antenna 10 is not operable and only 15 the portion 17

I T R

jZ[err]tan rr o (1) where Z[err] = [err]
xLn(b/ a) (tﬁé?ecolxéhgﬁd’alp ﬁl%ihere Z[err] is a choke inpedance;, 20 [err]H
is a wavel ength of the higher frequency out of the dual frequencies, Zerr]
Is a characteristic inpedance of the coaxial line, 18 is the |ength of

oty Ikt S8 AP e S s e
length of the whip antenna should be considered. Referring again to FIG. 4;A, since the

5 whip antenna 10 has a periodic resonant characteristic at a frequency ratio of 3:1, the length

of the whip antenna 10 is properly determined such that one of the resonant frequencies is

identical to one of the dual frequexicies.’ Then, the antenna will resonate even at a frequency

which is higher or lower than 3 times the selected frequency. In this case, it is possiblé to

shift the periodic resonant frequency to a desired frequency by-using a matching circuit (not

10 _shown) at the prestage of the antenna. Further, the VSWR of the first selected resonant

. ﬁéquency is rarely affected. As described above, even though the frequency ratio of the

dual band frequencies is not exactly 3;1, it is possible to use the whip-antenna-as a dual band

antenna by using the matching circuit. The helical antenna 30-can also use the matching

circuit prepared for the whip antenna 10 to implement the dual band antenna characteristic.

15 .  FIG.13 illustrates 2 VSWR of the whip antenna 10 when the dual band antenna is
not matched in an extended state. By way of example, FIG. 13 shou}s the VSWR pattern
in the event that the length of the whip antenna 10 is.set to about 3A/4 of the PCS
frequency band out of the AMPS/PCS dual bands.

_FIG. 14 is a Smith chart showing a reflection coefficient of the whip antenna 10

20 when the dual band antenna is not matched in the extended state. FIG. 15 illustrates a
VSWR of the whip antenna when the dual band antenna is.matched in the extended state.
FIG. 16 is a Smith chart showing a reflection coefficient of the whip antenna when the dual
band antenna is matched in the extended state. It can be appreciated that the whip antenna

10 shows a desired resonant frequency characteristic at the PCS. frequency band even



WD 99/ 43042 )

PCT/ KR99/ 00081 - 11 - a is a dianmeter of the conductive core line 12 and b
i s a di aneWQIY#30he conductive substance 13. It is underst oB§TARH {00081
equations (1) and (2) that the choke inpedance Z[err] is approximtely
infinite at the higher frequency band;- @8.e., when the length I8 is
[err]/4). In this 5 case, the portion 16 ofthe whip antenna 10 is decoupl ed
fromthe portion |8 so that only the portion |7 may serve as the antenna at
the higher frequency band. On the other hand, at the |ower frequency band,
t he choke witheutusing Zmetchingielement, becayise drhasitie lengthi suchithay resesation freguendyi on
el ement so that the entire portion 12 of the whip antenna 10 nay serve as

t he ant ennis gengrafest at adreyessydewerthanheAMPSdraquency band. In the embodiment, by

providing a highpass matching circuit, only the lower resonant frequency is shifted to the

| AMPS frequency band without affecting the antenna impedance at the PCS frequency band,

5 as shown in FIGs. 15 and 16. In FIGs. 13 and 15, markers 1 and 2 represent the AMPS
frequency bands and markers 3 and 4 represent the PCS frequency bands. Additionally,
according to the present invention, as at the state of mounting the helical antenna and
extending the whip antenna, an antenna impedance is presented, the parasitic elements of
 the helical antenna and the body are generated. However, it does not matter to'the subject

10 matter of the present invention..

FIG. 17 illustrates the dual band antenna consisting of the retractable whip antenna
and the helical antenna according to another embodiment of the present invention, wherein

the whip antenna is retracted into the radio terminal.

As described above, the duat band antenna is composed of a whip antenna and a

15 helical antenna. The whip antenna is retractable when it is not in use, so that the radio
terminal with the novel antenna is convenient to carry and not easily damaged by external
impact. Further, it is possible to implement the dual band antenna by simply adjusting the
pitch or the number of turns of the coil of the helical antenna, without using the separate

matching circuit or the choke.

20 While the invention has been shown and described with reference to a certain
preferred embodiment thereof, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the spirit and

scope of the invention as defined by the appended claims.



Referring to-FIG 3, when the whip antenna 10 is conpletely retracted into
t he chassi %699/9504{ he radio termnal, the isolation element Feqpkrédiosrhi p
antenna 10 1s"positioned in the helical antenna 30 and the upper end of the
conductive core line 12 is | ocated bel_oqd@_lomer end of the fixing el ement
40, so that the fixing elenent 40 is 15 decoupled fromthe conductive core
line 12 of the whip antenna 10. As a result, only the helical antenna 30
can serve as the antenna. In this case, it can be considered that the
antenna ofthe radio term nal consi stsgfﬁm%hel i cal antenna 30 and the
fixing element 40 for fixing the heli enna 30. FIG 5A illustrates a
prior art helical antenna conposed of a coil with a regular 20 pitch, and

FIG 5B is a Smith chart showi ng the inpedances at a frequency band
14,0 pmTascmng eniency b, 0 el <o SIRY TN
the two resonant frequencies are different fromeach other. * ¢ L ® s
1. A dual band antenna for a radio terzhinal, comprising;
a helical antenna including first and second helical portions, having first and second
S pitches, respectively, the first and second helical portions being independently operable at
different frequency bands;
a whip antenna including a conductive core line, a conductive substance covering
a first portion of the conductive core line to sérve as a choke and an isolation element
extending from an upper end of the conductive core line, for filling a gap between the
10 conductive core line and the conductive substance, wherein only the first portion of the
conductive core line is operable at a first frequency band zﬁld the entire conductive core line
is operable at a second frequency band; and., - -
& fixing element for fixing the helical antenna: and the whip antenna to a radio

terminal.

15 2. The dual band antenna as claimed in claim 1, wherein the fixing
element has an upper end connected to a lower end of the helical antenna and a through

hole for inserting the whip antenna into an interior of the radio terminal.

3. The dual band antenna as claimed in claim 1, wherein the whip antenna is
retractable and extendable with respect to the radio terminal, such that only the helical

20 antenna is operable when the whip antenna is retracted into the radio terminal.

4, The dual band antenna as claimed in claim 1, wherein the first pitch of the

first helical portion is narrower than the second pitch of the second: helical portion.



WD 99/ 43042 )

PCT/ KR99/ 00081 - 12 - FIG 6A illustrates the novel helical antenna 30
conposed ofwabedied | 35 with irregular pitches, and FI G 6B PSTARSA000§1
chart show ng the inpedances at the two resonant frequency bands of the
helical antenna 30 of FIG 6A. Here, th&0Oresonant fr B
approximately 2.2:1 and the inpedances at the two rejmmmﬂulmlunlumls are
5 approximately equal. It is known that an inductance “of ‘the cbilsig

i nversely proportional to the pitch. The coil 35 constituting the helical
antenna 30 has tShe fiThetduakband ahtepny 4s claimbd irnciaind 2)ewlsereinnhl i3claticmblemeritt i on
| 5 wherein the pitch ofthe first helical portion 14 is narrower than that
of t he secownfltheewhipantgnoatis logated,in she thnongh hade ofithedixing: element; lncheh ithestvhip
helical portion 14 is higher than 10 that ofthe second helical portion 15.
Here, the @vtenna is relacted Mte theomdiodenuinal, 5o apin ddcauple the Whipeantérn frani tife and
L are high, the overall inductance of the coil 35 increases. Generally,
when t he ihﬂkﬁﬂ%@’%ncreases, a current flowing to the coil decreases.
Thus, at a high frequency

5 6. The dual band antenna as claimed in claim 1, wherein a ratio of the first
frequency band to the second frequency band is controlled by adjusting the number of turns

of a coil comprising said first and second helical portions.

7. The dual band antenna as claimed in claim 6, wherein the first and second
pitches of the first and second helical portions are adjusted to control the ratio of the first

10 frequency band to the second frequency band.

8. The dual band antenna as claimed in claim 1, wherein the first and

- second pitches of the first and second helical portions are fixed to specified values.

9. The duai band antenna as claimed in claim 2, wherein the first frequency

band is between 1850-1990MHz and the second frequency band is between 824-894MHz.

15 10.  The dual band antenna as claimed in claim 1, wherein the fixing element has
screwed teeth formed at a lower, outer wall for fixing the fixing element to the radio

terminal.

11. A dual band antenna including a helical antenna for a radio terminal,
comprising;
20 a whip antenna including a conductive core line, a conductive substance covering

a first portion of the conductive core line to serve as a choke and an isolation element



band, the inductance of the first helical portion L4 is higher than the

I nduct ance f99?)£§ zsecond helical portion L5 and the current p&puirdsiodggit he
first heli aft5 on L4 is smaller 15 than the current flowi ng to the
second helical portion L5. Accordi ngly,zi\t_the hi gh frequency band,
actually, just the second helical portion L5 functions as an antenna. .
Referring to FIG 6B, the resonant frequencies of the antenna are 1972M+iz
and 904MHz, respectively. Thus, the resonant frequency ratio is

ST T et o S 4R A B A5 e AT
s TR A b R S
(0 P B ot RO A b eI

and the cojslop3mblifst asebiBédiensy BHE antBLE 1

5 a fixing element for fixing the helical antenna and the whip antenna to the radio

terminal, wherein the fixing element has an upper end connected to a lower end of the
helical antenna and a through hole for inserting the whip antenna into an interior of the

radio terminal.

12. Thedual band antenna as claimed.in claim 11, wherein the isolation element

10 ofthe whip antenna is located in the through hole of the fixing element, such that when the

whip antenna is retracted into the radio terminal, the whip antenna is decoupled from the
helical antenna.

13.  The dual band antenna as claimed in claim 11, wherein the first frequency

band is between 1850-1990MHz and the second frequency band is between 824-894MHz.

15 14.  The dual band antenna as claimed in claim 11, wherein a length of the first
portion - of the whip antenna, covered with the conductive substance, is equal to a

wavelength A/4 at the first frequency band.

15.  The dual band antenna as claimed in claim 1 1, wherein the fixing element has

screwed teeth formed at a lower, outer wall for fixing the fixing element to the radio

20 terminal. -

N

a helical antenna including first and second helical portions having first and second

16. A dual band antenna for a radio terminal, comprising:



WD 99/ 43042 '
PCT/ KR99/ 00081 - 13 - Pitch of First Helical 0.6

1.45
1.9 WO 9/830Rr t i on Resonant flerr] (MZ) 2575 PCT/KR99/090810
2918 2936 Frequency flerr] (MZ2) 1237 1211
1169 1124 5 flerr]/+[2 r] 2.08 2.32
2.50 2.61 FIG 7 illustrates the inpedance characteristic of the

hel i cal antenna 30 according to a change in the nunber of turns of the coil
35 at the first helical portion 14 having the first pitch. Table 2 shows

t he two regitcbes réspengivelycthedirstfapd s¢comdheli¢al poitions heing irelependenilyp operable at
f['err]/f[err_llr as a 10 function of the pitch of the second helical portion
15. Here, idifférentfrequarey bands; anfle first helical portion |4 has the pitch

0.6mm and an i nner .di aneter_ 3.8 and. the coil 35 has a dianeter 0.4mm
TABLE 2 a fixing element for ﬁ)ngg] the helical antenna to the radio terminal.

17.  The dual band antenna as claimed in claim 16, wherein the first pitch is

5 narrower than the second pitch.

18.  The dual band antenna as claimed in claim 16, wherein the first helicai
- portion is operable at a first frequency band between 1850-1990MHz and the second helical

portion is operable at a second frequency band between 824-894MHz.

15.  The dual band antenna as claimed in claim 18, wherein a ratio of the first
10 frequency band to the second frequency band is controlled by adjusting the number of turns

of a coil constituting the helical antenna.

20.  The dual band antenna as claimed in claim 19, wherein the first and second

pitches of the first and second helical portions may also be adjusted to control the ratio of

the ﬁrs.t and second frequency bands. - I I!ll"cl l"lﬂ "I"" "Ilsl " l!ll i

15, 21, The dual band antenna as claimed in claim 16, wherein the first and

second pitches of the first and second helical portions are fixed to specified values.

22.  The dual band antenna as claimed in claim 16, further comprising an

isolation tube for protecting the helical antenna.

23.  Thedual band antenna as claimed in claim 16, wherein the fixing element has

20 screwed teeth formed at a lower, outer wall for fixing the fixing element to the radio



Pitch of the Second HeI| aI 4.7 5.7 7.6 15

Portion Re0S 96M3042 [err] (MHZ) 2575 252 pCT/KR99/00081
2436 Frequency flerr] (MH2) 1237 1233

1201 flerr]/f[err] 2.08055 . 2. 045 2.028 FI G
8 illustrates the inpedance characteristic of the helical antenna according

30 20 to a change in the nunber of turns of the coil at the second

hel ical portion 15 having the WO 99/ 43042

PCT/ KR99/ 0 %ﬁn 14 - second pitch. The resonant frequencies ofthe antenna,
il lustrate qhble 3, may al so be changed by changi ng the nunber of turns
of the coil 35 while fixing the pitch to a specified val ue.

lw)

24. A dual band antenna for a radio terminal, comprising:
a helical antenna including first and second helical portions having first and
second pitches, resp éctively, the first and second helical portions being operable at different
5 frequency bands; |

o a whip antenna including a conductive core line and an isolation element
extending-from an upper end of the conductive core line, wherein the whip antenna is
operable-at the two different frequency bands using a periodic resonant frequency thereof;

and - .
10 a fixing element .for fixing the helical antenna and the whip antenna to the
radio terminal, wherein the fixing element has an upper end connected to a lower end of the
helical antenna and a through hole via which the whip-antenna is inserted into an interior

. of the'radio terminal.

25.  Thedual band antenna as claimed in claim 24, wherein the whip antenna
15 has a length determined such that one of resonant frequencies detected by the periodic

resonant characteristic of the whip antenna is identical to one of the two frequency bands.

26.  The dual band antenna as claimed in claim 24, further comprisihg a

matching circuit for adjusting the resonant frequency of the whip antenna.
27.  The dual band antenna as claimed in claim 24, wherein the whip antenna
20 is retractable and extendable with respect to the radio terminal, such that only the helical

antenna is operable when the whip antenna is retracted into the radio terminal.

28. . The dual band antenna as claimed in claim 24, wherein. the first pitch of the

‘N O A



Table 3 shows the two resonant frequencies flerr] and f[err], and their
ratio f[err]/f[err] according 5 to the nunber of turns of the coil 35 at
t he secondW®p¥/43@#2 portion 15. Here, it is assuned that the PCTRIPPS
second helical portions 14 and 15 have the pitches 1.3mm and 5. 5mm

respectively and an inner dianeter 3.8m®4 and the coil 35 has a dianeter

0.4mm TABLE 3 Turns of Coil at Second 2 2.5 3
5 10 Hel i cal Portion Resonant flerr] (MH2) 2624 2382
2190 1755. Frequency f[err] (MZ) 1183 1134 1086

899 f[ err] frgteheligal portion is narrowér. thdn the second fitch®f the secon®hélital portion. 1. 95
Table 4 shows the two resonant frequencies f[err] and f[err], and their
ratio f[err]/f[err] according 15 to the nunber ofturns of the coil 35 at
the first helical portion 14. Here, it is assuned that the first and second

hel i cal portion2914 ahke dslbardantenna 35 claimed imclgm3dwhemirsthaisolatiop elentente| vy
and an inner_ dianeter 4.6nmm and the_ coil 35 has a_diangter 0.4mm .
of the whip antenna is located in the through hole of the fixing element, when the whip
antenna is retracted into the radio terminal so as to decouple the whip antenna from the

5 helical antenna.

30.  The dual band antenna as claimed in claim 24, wherein a ratio of a first
" frequency band to a second frequency band is controlled by adjusting the number of turns
- of a coil constituting the helical antenna, adjusting the first and second pitches of the first
and second helical portions.
10
31.  The dual band é.ntenna as claimed in claim 24, wherein an impedance
characteristic of the helical antenna is identical to an impedance characteristic of the whip

antenna, so that the whip antenna can shore the matching circuit with the helical antenna.

* [ L M H *



TABLE 4 Turns of Coil at First 4.5 55 6.5 9.5
20 " Hel.i c rtion .. WD 99/43042
o 9§}4i§9_

PCT/ KR99/ 000 Resonant flerr] (MHZ) 2624 PCT/ARYg00081
2233 1790 Frequency flerr] (MH2) 1183 1046
939 729 flerr]/f[err] 2.21 1/20 2.31 2.38

2.46 It is to be appreciated from Tables 3 and 4 that the resonant
frequency ratio 5 decreases (i.e., approaches 1) with increasing nunber of
turns at the second helical portion 15. It is also observed that the
resonant frequency increases with increasing nunber ofturns at the first
hel i cal portion |4.

200
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Referring to FIG 6B, the inpedance cycles at the two resonant frequencies
.are approxi mately equal to each other. Accordingly, in the hellcal antﬁnna
30, it is pwestoBes2t o 10 adjust the inpedances at the two frek

to an approxi mtely identical value w thout a separate natchlng circuit,
even thoughthe ratio of the two frequenc2ggoare not exactly 3:1. As a
result, it is possible to obtain a desired dual band antenna by adjusfing
t he pitch and the nunber of turns of the coil 35. In the enbodi nent, the
hel ical antenna 30 has the sane inpedance characteristic as 15 that of the
whi p antenna 10. That is, if the whip ant Ha 10 has the inpedance
characteristic showmn in FIG 7, the hellc antenna 30 shoul d al so have the
sanme i npedance by adj usting t he pitch and ?ﬁ‘\nunber of turns of the coi
35. In this case, the helical antenna 30 is als§ matched to a mat chi ng

circuit used for the whip antenna 10. In .the nmegnt{inme, a helical aptenna
having a single pitch has a periodic resonant 2Q gharacteristic. However,
since this helical antenna has different ng dancgs at the respect)ve
frequencies, it is inpossible for the helicdl &ftdnna to have the fame
i npedance as that of the whip antenna. -
1
A
] y
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WO 99/ 43042

PCT/ KR99/ 00081 - 16 - FIG 9 illustrates the inpedance characj€firb/ednspf
the dual baW@2®¥Ana nounted on the radio termnal in both the extended
state and the retracted state. It is noted that the dual band antenna shows
t he good matching characteristics at the3/R0S (824-894MHz) band and the US
PCS (1850-1990MHz) band. 5 FIG 10 illustrates a radiation
characteristic of the dual band antenna at the AMPS band, and FIG 11
~illustrates the radiation characteristic of the dual band antenna at the US
PCS band according to one enbodi nent of the present invention. FIG 12
illustrates a dual band antenna consisting3g the retrddtabl e whip antenna

10 10 and the helical antenna 30 according anot her #nbodi nent of the
present invention, wherein the whip antenna is “ext ed fromthe radio
termnal. As illustrated, the whip 1 .
5 IM'
Y
20 15
: ' . A
. 40
0T
60—T| __ k
12
70 —b] . Ll
13

7
s

FIG. 3
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antenna 10 is in the formof a wire. In this enbodi nent, the dual band
antenna is inplenented using a periodic resonant characteristic of the whip
antenna 10, wO9H43IM2usi ng the choke. Unlike the whip antenna PEIARIGIEIG
2, the entire portion of the chokel ess 15 whip antenna operates at both the
hi gher and | ower frequency bands. The V\,hi40 %Tréenna 10 i s conposed of a
conductive core line 12 and an isol ation éﬂ nt 1 extending froman upper
end of the conductive core |line 12. The helical antenna 30 has the sane
structure as that of FIG 12. In FIG 12, reference |1 denotes a | ength of
a portion of the isolation elenment 11, 2 0 in which the conductive core
line 12 does not exist. Reference 12 denotes a length of the conductive
core line 12 of the whip antenna 10. Reference 13 denotes a physical |ength
of the helical antenna 30 including the fixing elenent 40. References |4
and |5 denote physical lengths of the first and second helical portions of
the helical antenna 30 having different

84mm
d=0.4mm

F

ORI
7T,

FIG. 4A
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WD 99/ 43042 ' PCT/ KR99/ 00081
- 17 - pitc I ectively, wherein the first helical porti e
narrower pitc 9?/ %"Ei)t hat of the second helical portion I5. ln%@@ﬂﬁp :
realize the chokel ess whip antenna, the resonant frequencies and the |length
of the whip antenna should be considered. S¥d@rring again to FIG 4A since
the 5 whip antenna 10 has a periodi ¢ resonant characteristic at a frequency
ratio of 3: 1, the length of the whip antenna 10 is properly determ ned such
that one of the resonant frequencies is identical to one ofthe dual

frequencies. Then, the antenna will resonate even at a frequency ych is
hi gher or | owertram S trmgs—theseect e eateRey— -t S A~ | S
possi bl e to shifft] tjhe deriodic res najFl ﬁ‘requ:ency to a desi cy by
usi ng a mat chi ng-cirguiit (ot 40 Is )ia he jr st age! o S
Further, the V4WR df itHe [fijrst |sel gctled] respnant fr'?;ue- ;;..l
af fected. As dgsgri;bed labovie,| gven |t hough| tie; fyegyency; ratio o{ | ual
band frequencigs ii § rotj gxgctflyy 3, L, It} is poss b\i to ysp the whi t enna
as a dual -band [ant gnna iby Usijnd tjheg nmtichi ng ici § CUNG, T‘he hel i cal nna
30 can al so usqg tihg natjchi g 18&
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circuit prepared for the whip antenna 10 to inplenment the dual band antenna
characteristic. 15 - FIG 13 illustrates a VSWR of the whip antenna 10
when the duaWOa#M34ant enna is not matched in an extended st at &CTHFRIMRPOZ,
exanple, FIG 13 shows the VSWR pattern in the event that the I ength of the
whi p antenna 10 is set to about 3[err]/4 gfzbhe PCS frequency band out of
the AMPS/ PCS dual bands. FIG 14 is a Smth chart showing a reflection
coefficient of the whip antenna 10 20 when the dual band antenna is not
matched in the extended state. FIG 15 illustrates a VSWR of the whip
antenna when the dual band antenna is matched in the extended state. FIG
16 is a Smth chart showng a reflection coefficient ofthewhi p antenna when
t he dual band antenna is matched in the extended state. It can be

appreci ated that the whip antenna 10 shows a desired resonant frequency
characteristic at the PCS frequency band even WO 99/ 43042

PCT/ KR99/ 00081

PITCH 3.15mm
8.2 TURNS

S /S\J '
W

FIG. 5A
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- 18 - without using a matching el ement, because it has the Iength such

t hat - resonatlon frequency I S generated at a frequency | ower t doRPS
frequency bXRP48%42t he enbodi nent by providing a highpass nmatchi ng
circuit, only the | ower resonant frequency is shifted to the AMPS frequency
band mﬁthout affecting the antenna inpedZy@® at the PCS frequency band, 5
as shown in FIGs. 15 and 16. In FIGs. 13 and 15, nmarkers 1 and 2 represent
t he AMPS frequency bands and markers 3 and 4 represent the PCS frequency
bands. Additionally, according to the present invention, as at the state of
nmounting the helical antenna and extending the whip antenna, an antenna

| npedance is presented, the parasitic elenents of the helical antenna and

t he body are generated. However, it does not nmatter tothe subject 10 matter
of the present invention. FIG 17 illustrates the dual band antenna
consisting ofthe retractable whip antenna and the helical antenna according
to anot her enbodi nent of the present invention, wherein the whip antenna is
retracted into the radio term nal. As described above, the dual band
antenna i s conposed of a whip antenna and a

CH1 Si 1UFS 3 10.4540 2.8926 ) 95.425 pH
4 824.400 239 MHz

1 146320
: 3.7612 0
1124 GHz

2 412040

2.2275 0

3.129 GHz

CH2 Sy SWR 3: 4.8795

R I' T 1 \\ T 48744011)239MH2:
— i i i Tk 3483
NN /“2;,86;'2 ..
, 41824400239 GHz | A ¢ 437 ;
i . jl ? E S I ! I :
B A S S s i s
START 500.000 000 MHz _______ STOP 6 000.000 000 MHz

FIG. 5B
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15 helical antenna. The whip antenna is retractable when it is not in use,
so that the radio termnal with the novel antenna is convenient to carry
and not easiwQogfastaged by external inpact. Further, it is pos#CHVIRIIN00S]

i npl enent the dual band antenna by sinply adjusting the pitch or the nunber
of turns of the coil of the helical anterH;z:‘,Z W t hout using the separate

mat ching circuit or the choke. 20 Pe the invention has been shown
and -described with reference to a certain preferred enbodi nent thereof, it
wi || be understood by those skilled in the art- that various changes in form
and details nmay be made therein wi thout departing fromthe spirit and scope
of the invention as defined by the appended cl ai ns. WO 99/ 43042

PCT/ KR99/ 00081 - 19 - CLAI M5

—_—

26
PITCH 1.3mm

———— e r— "

PITCH 5.5mm
25

o |
S

FIG. 6A
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WHAT IS CLAIMED IS: 1. A dual band antenna for a radio term nal
conprising: a helical antenna including first and second heli h6H1S,
having first WO R ond 5 pitches, respectively, the first an g?f)yr? o4
hel ical portions being independently operable at different frequency bands;
a whi p antenna including a conductive cor®/20ne, a conductive substance
covering a first portion of the conductive core line to serve as a choke
and an isol ation el ement extending froman upper end of the conductive core
line, for filling a gap between the 10 conductive core line and the
conductive substance, wherein only the first portion of the conductive core
line is operable at a first frequency band and the entire conductive core
line is operable at asecond frequency band; and a fixing elenment for fixing
the helical antenna and the whip antenna to a radio termnal. 15 2.
The dual band antenna as clained in claim1, wherein the fixing el enment has
an upper end connected to a |l ower end of the helical antenna and a through

CH1 Su 1UFS 4: 191350 _ -800.78 mQ  100.76 pF
' 1 972.585 000 MHz

1: 16.148 Q
-74 617 0

MARKER 4 824 MHz
1.972585 GHz 2: 20211 Q
- 47246 0
904.395 MHz
3 17.939 0
~49.800 0
| 1.85 GHz
CH2Sn  SWR 1 / REFt- 4 2.6164
N I ; 1 ! .QZLSOODMHZ'
E 3% [ E : A LT‘ ;
AN W Y A U S S S N N : 727
o\ ! ! ! ! ! !
T g ! ! = : 5
— S
! L] ! ! ! ! | 13N z
BN S O S S 0 3578
' START 750.000 000 MHz —ST0F 2 700.000 000 Wz~
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hole for inserting the whip antenna into an interior of the radio termnal.
3. - The dual band antenna as clainmed in claim1, wherein the whip antenna
I s retract ablopgsagsos2ext endabl e with respect to the radio termﬁq"“'@%ws_f hat
only the helical 2 0 antenna is operable when the whip antenna is retracted

into the radio termnal. 4. The dual @# ntenna as clained in claiml,
wherein the first pitch of the first heli 0:)lortion IS narrower than the
second pitch of the second helical portion. WO 99/ 43042
PCT/ KR99/ 00081 - 20- 5. The dual band antenna as cl ai ned micl aim 2,
wherein the isolation element of the whip apntenna is locat p§|§ t he through
hol e of the fixing}el epent | whén the erp dnt enna ||s rétrad nto the
radio terminal, sopas—o-tttowple fihe whip:anténnaif ryih yhdDeF cal
ant enna. ! \ : : 2 = .
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5 .. The dual band antenna as clainmed in claim1, wherein a ratio
of the flrs cy band to the second frequency band is c y
adj usting th%$ﬁ§%@§$ of turns of a coil conprising said firstgghgaggﬁgg
helical portions. 7. The dual band antenna as clainmed in claim®,

wherein the first and second pitches of thg/imrst and second hel i cal
portions are adjusted to control the ratio of the first 10 frequency band

to the second frequency band. 8. The dual band antenna as-&l ained in
claimi1, wherein the first and secaond pitches of the firsiSadd second
helical portions jare {fixgd tq spqcifijed vial ues. 9 The band ant enna
as clainmed in clgim2d4, whereijn gbe fN | Rbé&dween
1850- 1990MHz and it he |jsecgnd f|requency 15
10. The dual bgnd gntenna ds clja\ng pXi Ng
el enent has screyed Tieetr Iy Torjredfat ' EXeNNg t he
fixing elenment tq thg radi o tlermjnal . éﬁfncludlng a
hel i cal antenna fler +eret-o—HeFFRa S “,
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20 a whip antenna including a conductive core |line, a conductive
subst ance covering a first portion of the conductive core |line to serve as
a choke andWM9%43¢#2ti on el enent WD 99/ 43042 PCT/KR99/00081
PCT/ KR99/ 00081 - 21 - extending from an upper end of the conductive core
line, for filling a gap between the conduE%kﬁﬁ core line and the conductive
substance, wherein only the first portion he conductive core line-is
operable at a first frequency band and the entire conductive core line is
operabl e at a second frequency band; and 5. a fixing el enent for
fixing the helical antenna and the whip antenna to the radio term nal,
wherein the fixing el enment has an upper end connected to a | ower end of the
helical antenna and a through hole for inserting thgemhipﬂgntenna into an
<<

interior of the radio term nal. <
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12. The dual band antenna as clainmed in claim1l, wherein the isolation
_elenment 10 Ip antenna is located in the through holegﬁﬁﬁrb lodd1Ng
el enent sugﬁo?%§%°%Men the whip antenna is retracted into the ra iogl;d(m81
termnal, the whip antenna is decoupled fromthe helical antenna. 13. The
dual band antenna as claimed in claim11]13 rein the first frequency band
I s between 1850-1990MHz and the second frequency band is between '
824-894MHz. 15 14. The dual band antenna as clained in claim11,
wherein a length of the first portion of the whip antenna, covered with the
conductive substance, is equal to a wavel ength [err]/ﬁ.’ﬁiI $h§ I rst
frequency band. 15. ‘The dual band antenna as cl ai ne T I 11, wherein
the fixing element has screwed teeth fornmed at a | ower, outer wall for
fixing the fixing elenent to the radio 20 termnal. 16. A dual band
antenna for a radio termnal, conprising: a helical antenna including first
and second helical portions havi nzgof i ~HO andosecoml

20
=30 : 30
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~70
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WD 99/ 43042 .

PCT/ KRO9/ 00081 - 22 - pitches, respectively, the first and second helical
portions beiWg%M3Mpendent |y operable at different frequency FETERIANMGSL,
fixing elenent for fixing the helical antenna to the radio ternminal. 17.
The dual band antenna as clainmed in clai m4fowherein the first pitch is 5
narrower than the second pitch. 18. The dual band antenna as clained in
claim 16, wherein the first helical portion is operable at a first
frequency band between 1850-1990MHz and the second hellcal portion is
operabl e at a second frequency band between 824-894MHz. The dual band
antenna as clainmed in claim118, wherein a ratio of the &”ﬂx gﬂ?
frequencybandto the second frequencybandis controlled b FU %gthe
nunberofturns of a coil constituting tﬂf hejical d@lntenna
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20. The dual band antenna as clained in claim19, wherein the first and
second pi t CRES o8¥i3olidre first and second helical portions may alpggB&9/00081
adjusted to control the ratio of the first and second frequency bands. 15.
21. The dual band antenna as clained in claim16, wherein the first and
second pitches of the first and second M&)20al portions are fixed to
‘speci fied values. 22. The dual band antenna as clainmed in claim 16,
further conprising an isolation tube for protecting the helical antenna.
23. The dual band antenna as clained in claim116, wherein the fixing

el ement has 2 0 screwed teeth formed at a lopgr, outer wall for fixing the
fixing elenent to the radio WD 99/ 43042 \‘

PCT/ KR99/ 00081 - 23 - termnal.
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24. A dual band antenna for a radio termnal, conprising: a helical )
antenna including first and second helical portlons havi ng flﬂéi %B@ cond
pitches, rewpooubadel y, the first and second helical portions 4ﬁ¥& abl e
at different 5 frequency bands; a whip antenna including a conductive core
line and an isolation element extendi nggpgn an upper end of the conductive
core line, wherein the whip antenna is odérable at the two different
frequency bands using a periodic resonant frequency thereof; and 10

a fixing elenment for fixing the helical antenna and the whip antenna to the
radio termnal, wherein the fixing elenment has an upper end connected to a
| ower end ofthe helical antenna and a through hole via which the whip
antenna is inserted into an interior of the radio termnal. 25. The dual
band antenna as clainmed in claim24, wherein the whip antenna 15 has a

| engt h determ ned such that one of resonant frequencies detected by the
periodi c resonant characteristic of the whip antenna is identical to one of
the two frequency bands.

CH2 Sn SWR 1 / REF1 4: 1.3946
' 1 990.000 000]MHz

¢ \ . 1: 27\4
BT , 824?—4 L

j 1 e :

T ™| “| goathe
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26. The dual band antenna as clainmed in claim?24, further conprising a
mat chi ng ci rgui adj usting the resonant frequency of the Vmé,‘\(,%x %ﬁ .
27. The du\gpggg%%ant enna as clained in claim24, wherein the |%§Imﬂa
antenna 2 0 is retractable and extendable with respect to the radio
terminal, such that only the helical antthAA20i s operabl e when the whip.
antenna is retracted into the radio termnal. 28. The dual band antenna as
claimed in claim?24, wherein the first pitch of the WO 99/ 43042

PCT/ KR99/ 00081 - 24 - first helical portion is narrower than the second
pitch of the second helical portion. 29. The dual band antenna as cl ai ned
in claim?24, wherein the isolation elenent of the whip antenna is | ocated
in the through hole of the fixing elenment, when the whip antenna is
retracted into the radio termnal so as to decouple the whip antenna from

t he

CHI Sn 1UFS 4 49902Q 166680  1.3331 nH

hp | 1 990.000 000 MHz
| 1: 1236 0
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5 helical antenna. 30. The dual band antenna as clainmed in claim24,
wherein a ratio of a first frequency band to a second fr_equenﬁ%(_r,%&ggl @%l
controll ed WOM3MA i ng the nunber of turns of a coil constit R
helical antenna, adjusting the first and second pitches of the first and
second helical portions. 10. 31. The @Igz oband antenna as clained in
claim 24, wherein an i npedance characterrStic of the helical antenna is
identical to an inpedance characteristic ofthe whip antenna, so that the
whi p antenna can shore the matching circuit with the helical antenna
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