WD 99/ 04452 PCT/ KR97/ 00270 -1- DUAL
BAND ANTENMS9IBAGEGROUND OF THE I NVENTION 1.  Field of the PCHIERTAH 0The
present invention relates to antennas, and nore 5 particularly, to a
dual band antenna for nobile commmilcations. 2. Description of the
Related Art Wth the rapid progress of nobile comunications, the capacity
of existing systens is becom ng saturated, 10 and thus, new systens,
are being developed at new frequencies to enhance capacity.
Accordingly, the interrelationship between existing and new systens nust
be taken into consideration in the design of nobile comrunications

equi pnent . For nmobile comunications 15 ant ennas, nmmj or design
concerns are power efficiency arptragf BenND waNvrEMN20f frequency. In practice,
it.is desirable in the Republic of Korea (South Korea) to interlink the
exi sting CDVA (Code Division Miultiple Access) systemw th the new PCS 20
(Personal Communi cation System) system in the US A to interlink the

exi sting AMPS (Advanced Mobile Phone Service) systemwith the PCS system
and in Europe to interlink BALE iR (INVENPLONeci al e Mobile) system

with the DCS (Digital Connunlcatlon Systen) 1800 25 system Generally, a
"dual band systent is a systemthat -2- allows for conmunications within
two di fferent.sysreeddabfdithiec Tewentieniency bands, such as in above
exanples. It is desirable to manufacture comuni cations equi pnent

The present invention relates to antennas, and more
5 particularly, to a dual band antenna for wobile

communications.

2. Description of the Related Art

With the rapid progress of mobile communications,

the capacity of existing systems is becoming saturated,

10 and thus, new systems are being developed at new

frequencies to enhance capacity. Accordingly, the

interrelationship between existing and new systems must

be taken into consideration in the design of wmobile

communications equipment. For mobile communications

15 antennas, major design concerns are power efficiency and
effective use of frequency.

In practice, it is desirable in the Republic of

Korea (South Korea) to interlink the.existing CDMA (Code

Division Multiple Access) system with the new PCS

20 (Personal Communication System) system, in the U.S.A. to

anterlink the existing AMPS (Advanced Mobile Phone

Service) system with the PCS system, and in Europe to

interlink the existing GSM (Groupe Speciale Mobile)

system with the DCS (Digital Communication System) 1800

25 system. Generally, a "dual band system" is a system that



capabl e of operating within dual band systens. 5 Heretof ore, each
radio telgphgpebermnal in the dual band systems are provp@fgRrdbboz7h WO
separate mnrature antennas for two different bands, which results in

i ncreased production cost. Al 'so, thejuse of two antennas for this
purpose is an obstacle to the 10 m niaturization of the radio tel ephone
termnal, and results in an inconvenience.-to the user. For these

reasons, it aklowsguiorcamudasatdpns Hakhipahwoa@di EhpBeREpIYEEEBE 8Bi ng -

used for both. t , 4,30 ] ose a 15
Tl 1 equeRES SRR i ST iias  Nion peltA0EnANE exafiplEStiCNE [ G
1, an ant ennts ofddsierdhlee dtioscinaseflachutrbat coratnemi casishswnegqubpmenant enna

operates effectively Ln a systemin which t frequency rati o between
oger ating frm?ggkigp?:églw ‘P’n}%’e?.g“arﬂ}?ﬂ g?’fﬁﬁFg‘?ﬁ' conduct or 10

connectegl to coaxgetet8£8réi N@athanchdi® teeeypBonkokeedrdinalt @5 fhe
radi ating el enent. The feed point of sleeve choke 12i is short-circuited

and the ot heduahd baBfeofYPseBEenarehe ProNgdes oWiddhdUet@r separdtel eeve
N e 103 DA . . . e e
choke Lzl ar %Hggggggkﬁ?&ﬁﬁaé ¥ b;?lavﬁllf?gg%hmagaé '&hgeﬁyré%u?tges' re

frequency. I's partial refectric materral 16
that is di nehsi dmdeasddaprofecthoke dowtns a Ajisot etheavesengifh two

transm ssion |ine and prevents coupling between the_shell. 14i and §he
ext ensi on 1023teBpAS tﬁ@ropghléndpg‘F %@ chbke 8%t t n‘?ﬁ‘b}%stt?r e&i}gncy.

At soney b ovwepihiLEELNENt 2bnORSY akhen, rddiEo Chekephtindeeeras nanef f galgi ve as
an isolation element and the entire |ength P of the structure fromthe

ground pl aner€8ulhg it 8P tIRCAUVIRTHARSE becdh® HSRSnopolF®rantBREg at the
| over reasons, it is required to develop a dual band antenna

capable of being used for both bands.
U.s. Patent No. 4,509,056 discloses a
15 multi-frequency antenna employing a tuned sleeve choke.
Referring to FIG. 1, an antenna of the type disclosed in
that patent is shown. This antenna operates effectively
in a system in which the frequency ratio between
operating frequencies is 1.25 or higher. The internal
20 conductor 10 connected to coaxial feed line 2 and the
sleeve choke 12i act as a radiating element. The feed
point of sleeve choke 12i is short-circuited and the
other end thereof is open. The lengths of conductor 10
and sleeve choke 121 are designed so as to achieve
25 maximum efficiency at a desired frequency.
The choke 121 is partially filled with dielectric
material 16i that is dimensioned so that the choke forms
a gquarter wavelength transmission line and prevents
coupling between the shell 14i and the extension 10 at
30 the open end of the choke at the highest frequency. At
some lower frequency of operation, the choke 121 becomes
ineffective as an isolation element and the entire length
P of the structure from the ground plane to the end of

the conductor, becomes a monopole antenna at the lower



-3- resonant frequency. The coupling between conductor 10 and sl eeve choke
12i occurwon9/04ks2 open end of sleeve choke 12i. That is, WRET/KRE/Q@HYt h

| = [err] , the choke acts as a high 5 i npedance, whereby the coupling
bet ween conductor 10 and sl eeve choke-13i -i s m ni mal . When [err]
kerr]l, the choke acts as a |l ow i npedance, whereby the coupling between

conduct or gggi hi gher . The el ectrical |ength of choke 12i
can be adj u(sjlf ed by var yé%% tlélié di el ectric constant of dielectric
paterial 16i. The’rhensbuplzingnbebweést cogdofctiont dihandnslesver ohbke

conductors 10,,14i is r rded as co I ransm ssi on_Li,ne, nd its
char At or 1 sUHAL | HBIER ALY | oA, S04 B FYPRYRe Choke 124" TRt 4’

[err] where ‘h@é;ﬁ] tiffe dilehegthr i c1condt ant the |§h@ja§ et s of‘-:l t hg g3t er nal
conductor, and d_is the draneter of 4t he i nternal conductor. The input

i npedande belTRRFRRAE ervRETERY &t FoHPLiRg dortveen 100ndurtps d6naned by
the 20 .fol%fg\%gg EHURE! ‘1’21 [£4 M hidR08. [ HHdn = LJE”L*J [géé%hc(l#ﬁtrer] 'S

attenuati on err] I's propagation constant,4l is'l
transm ssi orad:tsneasared Zowi s@e&mcmeddmsebﬁSthe couphmglpebanmilﬁ of

FIG 1, the 2 te .conduct or are cturally
adj acent to ‘E t"‘% ﬁé}‘ﬁb&@gﬁsﬁ'ﬁ ;ﬁ'ﬂ‘% Capﬂ? aﬁi &ﬁ 1
degrades t heléwgennabief Eh@kencyzl Tcz:azﬂpb@veaa@@saeae Gvfafﬂﬁz@%het he
parasitic ca aC| tance can be decreased, 30 Accor di nac in the

const r Qi ordbelereriq congtambnef cdislegkrirnmrtesaadcléi -14i must be
reduced for this phe construction consisting of internal and external

conductors 10, 1l4i is regarded as coaxial transmission
line, and its characteristic impedance is expressed as

follows:
15 | Z.=59.95/,/e; 1n(D/d) (1)

where e, is dielectric constant, D is the diameter
of the external conductor, and 4 is the diameter of the
internal conductor. The input impedance between internal
and external conductors 10, i4i is denoted by the

20 following equation:

Z,+jZ tanhy-1 (2
¢ Z +jZ ,tanhy-1 )
where vy=a+jB , a 1is attenuation factor, £ is

zZin=2

propagation constant, 1 is length of transmission line,
and Z, is load impedance.

25 In the antenna of FIG. 1, the ground plate 20 and
external conductor 14i are structurally adjacent to each
other, thereby causing parasitic capacitance which
degrades the antenna efficiency. .To improve the antenna
efficiency, the parasitic capacitance can be decreased.

30 Accordingly, in the construction of FIG. 1, the diameter

of external conductor 141 must be reduced for this



-4- purpose, which is ultimately the sanme as the reduction of

char act er{&f dofpsigpedance of choke 12i according to the abowera@rR#idegrn (1).
That is, such reduction in the characteristic inpedance of choke 12i gives
rise toasbs change in the anount _ of _ coupling, resulting in a
degradation of the antenna's performance. Thus, to mnimally affect the
amount of coupling and to keep the characteristic inpedance of choke 12i
essenti al | y Buweragfe WRiFh i@subrBRERAY \Ehe same g6t she reduationdiodnet er
of conduct or 4] : Peapess oLyt e I éggyyéﬁ t be
reduced. Thi%ﬂ-ariéggﬁtégglggkac ﬁle L%IOI‘] ﬁé\ft %bgﬁt g’%?fa' S bandw t%g [Fz]e%r ef ore,
when t he antzbhoeei equatdart Uled i nThatch ispamueah tredustdencaimotthe
satisfactori%% cover thg.fr%%%%ggxupandgﬁd h,15 reguired for the system
Further, since*tRECEFAFPELE: iM% OF s Ao t 8 EGPut I he Guahtity
of ‘couplg ng,chégrgdi efiact ehe camshant amd tbapdifg)si eesaltife disgl egliric
material nust be accurately selected for proper coupling. 20

SUMVARY OF TReEgrageRFrencf: the antsprals eerfeemangsent i nvention to
provi de a dual b nt : WA ' “Qﬁgﬁ? | )Y
m ni m zi ng par as?’?ﬂggéagggﬁ%ﬁgﬁgl%@mﬁ%&%%ﬁ? an arﬁ%togﬁ%mgg%n% uct or
t hereof . 25 tol tkeepanthker cbbracteofisthe phapedaniceveotfi orrhiokepr ABide a

dual band antenna, which has a sinmple and conpact.structyre and_high
per f or nance.e??eflglgb'ﬁp’l tg‘r?otsr‘-f'érfe otj ect B3 ?ﬁ’é%’r%‘éﬁﬂl’ iteﬁvgnt'i &?ﬁtﬂfepr ovi de
a dual bend gnéeafamdtieah dfs doepenst VEa Bngh@fged L PNYRBI BRkme®edSHE | N an

exenpl ary enbodi nent of the present invention, a .
internal conductor 10 must be reduced. This results in

a reduction in the antenna‘’s bandwidth. Therefore, when
the antenna is manufactured in such a manner, the same
cannot satisfactorily cover the frequency bandwidth

15 required for the system.

Further, since the dielectric material is employed
to adjust the quantity of coupling, the dielectric
constant and the dimension of the dielectric material

must be accurately selected for proper coupling.

20 SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
dual band antenna with improved performance and
bandwidth, by minimizing parasitic capacitance between
ground and an external conductor thereof.

25 It is another object of the present invention to provide
a dual band antenna which has a simple and compact
structure and high performance.

It is still another object of the present invention to
provide a dual band antenna which is dinexpensive and

30 convenient to use.

In an exemplary embodiment of the present invention, a



- 5- dual band antenna includes an inductor, first and second_ rod-

radi at i ngVeP¥i4#i2 s connected to opposite ends of the |nductép“q¥%pm”°
dielectric material surrounding both the inductor and the joining portions
of the first and 5 second radiating erefents on the respective ends of the

« nduct or. A conductive support housing, e.g., a cylindrical netal
housi ng, sugpainBankdhentiedire i ik SpPptidectde, | Blvgtoandndelddd oi ni.ng
portions of the first and second radi ating el enent s. The housi ng and 10

dielectric rrdaildke ragiatine:eleneats FannGeued rt&msacqer @nds iof f or med
n con nct n (o onl
:)ne rajd:Jatl glgeﬂeﬁrr&é‘l%é%hl g#es gte]t%#f%h{géegan élﬁf&gﬁ ?'ﬁgpe?)a I ng Y

band, V\hereahebohiduaxhntang ehemgmﬁm:!r@iporta‘abnsh@ﬂ owiee ﬁrsbaraizd BRI EF
view of a

DESCRI PT| ON OF THE N
ant ennaSopeP&S a%%%ﬁﬁlffs e%%‘ﬁ%’i‘%% 890% Orfgeaﬁ%e%t{:‘éﬂvsﬁfiﬁoﬁ I e

enbodi nent  ghaadBdA. - frefluepenaapt e eRipartty howsing) esgeeve £hokes;
FIG 2 is a sectional viewillustrating the construction of a ual band

ant enna accevdilaginicadn mebali heneing. t FIgRANIR hecALPIRCLILG and s a

circuit dia S 5 e hgea
shown in Fi %@%’E{J:ﬁ% ‘LZﬁé F%%u?%?:faa%?ap Ia:lfﬁis:%rg Itstf%]dél ng V\g/e ratio
(SWR) of an fdxpsy | ardt slecdnal thGMgnledemermEordamfe hotbing erbdi nent

of the _invent and FIG 5 Sm.th chart il.l trat n asured 30
resul t§-|°f \c/)r %&eﬁ&qt%&rﬁﬁfﬁgﬁaﬁmﬁ | i ﬁ" I Sul??fntt he

invention. gircuit is formed in conjunction with the 1nduct0r. The
LC circuit is designed so that only one radiating element
radiates at the higher band of the dual operating band,
whereas both radiating elements radiate at the lower
15 band.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view of a monopole antenna
operating at dual frequencies according to a conventional
embodiment of a multi-frequency antenna employing tuned

20 sleeve chokes;.

FIG. 2 1is a sectional wview illustrating the
construction of a dual band antenna according to an
embodiment of the present invention;

FIG. 3 ds a circuit diagram illustrating the

25 equivalent circuit of the antenna shown in FIGS. 1 and 2;

FIG. 4 is a graph illustrating standing wave ratio
(SWR) of an experimental dual band antenna in accordance
with an embodiment of the invention; and

FIG. 5 1is a Smith chart illustrating measured

30 results for a dual band antenna in accordance with an

embodiment of the invention.



- 6- DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT The present invention
w1 nowpe g/ﬁﬁtgfi bed nore specifically with reference to phe ek Wo@S
attached onPy y way of exanple. It is to be noted that |ike reference 5
nuneral s and characters used in the accgnpanying drawings refer to |ike
constituent elenents. Referring to FIG 2, a cross section of an exenplary
dual band antenna in accordance with the invention is shown. The antenna

i ncl udes an i ndRETALLEB D RIPTION; OF THE FERED, JEMBOD IMENT| ng :
el ements 32a, 32b, each connected to the respective ends of inductor 40,
with dielectric material 35 surrounding the entire inductor and the joined
portions of firsThaenpszzent daseatiog etbhinnowiZhe Feisanildt: mespective

ends connected ta.the,15 ..in tor_40. on ti cyljindyigal support
ousi ng. 42, SEegt BRI s P SRERERREY, Ko crRE O FubtSr b AEReRCe PV ace
and support byt aysafieexamplel.l Ias isuppolld iptde tiedint bike okefepenteons of
first and second radi atiing el enents 32a,,32h. Support housing 42, and

di el ect Pi ¢ Bymeyals; gge; ﬁgPrPSFﬁ‘Fé BERSCI R e AT CRTRARY INGHEFIWINGR LC
resonant citgibl k9 GRGRA eGrdt BQUEAMNEIGReNé & 1 nductor 40. First and
second radi ating el ements 32a, 32b are each provided with grooves 39 which
are filled with Beflegating t25FIGraRer Ratro88. sechipparEngnsexewplary of the

di ati | LS J . f d, sSi ' hor i |
ot 09 BRI Hal: anEehpr” A+ REPSRHRRTES wi N ctn8 O] 4E0T 2
mat eri al 35ghdag .0t e eaftehnbhd nxda@ded ragi dhdngterenmt 829st Sag@nnect ed

to 30 I nternal conductor 8 of coaxial feed line 2. The outer
10 second rod-shaped radiating elements 32a, 32b, each

<=

connected to the respective ends of inductor 40, with
dielectric material 35 surrounding the entire inductor
and the joined portions of first and second radiating
elements 32a, 32b on the respective ends connected to the
15 inductor 40. A conductive cylindrical support housing
42, e.g., a cylindrical metal housing, fixes inductor 40
in place and supports the same, as well as supporting the
‘related joint portions of first and second radiating
elements 32a, 32b. Support housing 42 and dielectric 35
20 together form a capacitive structure, whereby an LC
resonant circuit is created in conjunction with inductor
40.
First and second radiating elements 32a, 32b are each
provided with grooves 39 which are filled with dielectric
25 material 35. A bearing structure of the radiating
elements 32a, 32b is thexreby formed, since a uniform
horizontal force is applied from the cylindrical metal
housing 42 to the dielectric-material 35. The other end
of the second radiating element 32b 1is connected to
30 internal conductor 8 of coaxial feed line 2. The outer
conductor 6 of coaxial line 2 is connected to ground
plate 20. The reference numerals 37a and 37b indicate

the joint portions between inductor 40 and first and



conductor 6 of coaxial line 2 is connected to ground plate 20. The

ref erencewmusni#4abs 37a and 37b indicate the joint portions HelKBEHOR2A}uct or
40 and first and -7- second radiating elenments 32a, 32b. For exanpl e,
these joints can be sol der connections: FIG 3 shows a circuit diagram

il lustrating a |unped el enent equivalent circuit for the antenna of FIG 1

or 5 2. | equj @ﬂ?ﬂgﬁb t coygﬁ[ngFggtgﬁﬁg\fi S secaond
radi ati ng elé;en%n (si g%?‘%';gbl s denot esd %%a'capaci ty C and 1 ﬁ’&&étt& :
Referring cojoentsvehp be BblSer2 camgeXtionst.he enbodi nent of the present

I nvention, the a t of 10 coupling between the first. and second

radi ati ng el erren'?g!gZa? %E‘Bwﬁa% jgr%%%’ r%af%%a'@ilgejﬁﬁg?to}n%@ “gee‘?:t ric
material 35,el@&méneykigudvadanteiiatcdiciisioy ¥Re anfbanaveraldid.engtdy of the
antenna is determ ned on the basis of first and second radi ati ng_ el enents

32a, 321 inductBR Blte equivalent HElEpeth i e (GBI RRkreen Whikst
specifi cal | Yanhos sl kaglia@ing | e0ehintd Spaiet b8! N 88ndeLUnddy on of
wavel ength in the Tower operating frequency band. Th the | ower frequency
band, both tbapécisy &ndndedmdshataxti &ii ng el enents 32a, 32b radiate

el ectromagnetic 2 enerqy. JThe physical_le L1, is_preferably .sel ected
such that gt he el eg'Frfl -E&Iln%gnc@?%fs?gf‘ﬁéigveﬁoal ?Qgﬁf e#naagﬁcg{maég‘i %tgh?_l' IS,
e.g., [err]/4mBbddment] / 8fat thee peatentfrenuentionf ttRel cawsuht eqpency

band. For the hi gher frequency band, due to the resongnce 25 of the LC
resonamOci r €GPPLinghpgtingen %«K)@r flrstadneh sacoRchraiRting flaments

Consequent | yz;Lne JANokdh, LReO YA $12MBARSRB: 20 (i fd by 6! ect ed

such t hat
material 35, and cylindrical metal housing 42. The

overall length of the antenna is determined on the basis
of first and second radiating elements 32a, 32b, inductor
15 40, and the operating frequency band. More specifically,
the overall antenna length L1 is determined as a function
of waveléngth in the lower operating frequency band. 1In
the lower frequency band, both the first and second
radiating elements 32a, 32b radiate electromagnetic
20 energy. The physical length L1l is preferably selected
such that the electrical length of the overall antenna
encompassing L1 is, e.g., A/4 or 5A/8 at the center
frequency of the lower frequency band.
For the higher frequency band, due to the resonance
25 of the LC resonant circuit, only the lower radiating
element 32b radiates. Consequently, the length L2 of
radiating element 32b is preferably selected such that
the electrical length of element 32b is, e.g., A/4 orxr
5X\/8 at the center frequency of the—higher frequency
30 band. By way of example, the lower frequency band can be
intended for the range of about 824 MHz-894 MHz, and the
higher frequency band can be intended for the range of
about 1,750 MHz-1,870 MHz.

The inductor 40, dielectric material 35, and



the electrical length of elenent 32b is, e.g., [err]/4 or 5[err]/8 at the

center fregyebpyss?f the higher frequency 30 band. By wayp@efxeyatehe, the
| ower frequency 4band can be intended for the range of about 824 MHz-894

MHz; and the higher frequency band can Re_intended for the range of about
1,750 MHz- 1,870 MHz. The inductor 40, dielectric material 35, and - 8-
cylindrical metal housing 42, connected as shown in FIG 2 to formthe LC
resonant ci reytindrieak metal howsing il tePPRecked *EsshanBeini FAGH t he -
hi gher freq faa04 t rﬁ% Vi : i Lrpedanc tly, in
the 5 hi gﬁg\&?requentf:%/!a %,tgﬁ , célubl%i Eggggtl\l%egg ?lgres't%m rgi@%ﬁ?ﬁ#&% ating
el enent s 32ato3pbodiees nesonanee , withinrtlye thighenef regqdentiynhaelBetent 32b

radi at es. I I Jrequ , e desd of inductor_4
dielectric 3%1[1]%%%}5’%&%18{@5%2% gﬁ%‘cﬁﬂg%aa réﬁze' LSC-LO%QSS%%% tiCJYf ctftt Q‘I’(?
assunes 5a highétrVErgquenegrbandpecounsting dbeteween apiiraecandi sekwnd he

second radiating elenent 32b is_coupled with the first radiating el enent
32a, ther ebyr3E+AE1BIcELETRREFY3LBNNER 20D BRAENCEEREr 8Bdf BRAYa thew

f requency anjc_ﬁ‘gg@. rediating EhEmefit! S3BH 9nARA dtlddiSt M afd NGyl agg,uté%ewave

rati o (SR an exenplary dual band antenna in accordance Wt
present di sEteguency baffle theapesigrprfsimiwceapetd nedielechiries 36bt ai ned

o hendhe ol SLSaNe 0 oLach Rl MengS 36 Ol R Yot om
point [BOr] Adsstinesst andi pglasieelat i Adowerl. 1¥MBedtnBe824hd€, Aand
experi mental polnt; Aoly, ' PR La0dh0 481 18 Qi 2548 3 GIRA0 L o
such, it
with the first radiating element 32a, thereby being
electrically connected to each other to form a low
frequency antenna.
15 FIG. 4 is a graph illustrating standing wave ratio
(SWR) of an exemplary dual band antenna in accordance
with the present disclosure. The graph represents
experimental values obtained from hand-held telephone
terminals (Model No. SCH-100) of the CDMA system
20 manufactured by Samsung Electronics Co. Ltd. At
experimental point A 1, the standing wave ratio is
1.1732 at 0.8240 GHz. At experimental point A 2, the
standing wave ratio is 1.2542 at 0.8940 GHz. As such, it
is readily apparent that embodiments of the present
25 invention can achieve good SWR performance over the range
of 849 MHz - 894 MHz for transmitting/receiving in a CDMA
system.
FIG. 5 is a Smith chart illustrating measured input
impedance = for an experimental dual band antenna
30 fabricated according to an embodiment of the present
invention.
Although the principles of the present invention
have been explained in detail with reference to a

specific embodiment thereof, it must be in no way



Is readily apparent that enbodi nents of the present 25 I nventi on can

achi eve gWw99®##62per f or mance over the range of 849 MHz - SFATHKBIHWR70
transmtting/receiving in a COMA system FIG 5 is a Smth chart

il lustrating neasured input inpedance-f®r-an experinental dual band antenna
30 fabricated according to an enbodi nent of the present invention.

Al though the-didiildd & ol 15REcREGSANGE! ENENAPERERUR DegB1@XPLARNEY 11 .
detail with reference to a specific enbodi nment thereof, 1t nust be 1n no
way -9- oddst heedpparent tihadt imemyofchangeasead imodifischtionadmay wil l

be apparent .t hat changes .and i.ficatio nay, .be made. i here w t hout
depalrolto I ng flb(ﬁn“lar#eéars‘%feﬁﬁat ofwjttﬂjeo%”ggelﬁ?ltr W%ﬁﬁo&&hﬁ'h@’aﬁbéniﬂédggfeai ne
cover all sysfedent chaveesiond madiefl izprdmmsd Wi gimEaldoveirt I t Bechr ue

spirit and scope of the present invention. As described above, the above

i nventi ve athangesafe BOMELREIPRRIaVIESR] E9die iyl AdeashrpECT,
M , s . 10 F her, if
GSM DCS1800,5, A4VHG %n%@%%%éﬁ@%§%ﬁf8ﬁ. : urther, |

t he frequency separ at et ween t desired operating bands is not an
i nteger nultiple&d descmishasd ahpve, dhearsbove invenicive aameennahcahe

I nvention can nevert.hel e b Si nuf ur.ed changi

I nduct ance ett’?‘é"%llﬁ"tfu(%:t %r% a%&% r %ﬁﬁéﬁsg}ﬂﬁgé‘gﬁ c%‘gé{‘angg 1§§M} gﬁc’?he
dielectric regMfnEd1800 Al AMPST @r tdBMA el(abiuMERY 8bamE) /FUEnsgstengt.h of
5[err]/8 mentioned abqve, the radiation pattern,of the antenna is still

i sotropi® i FUBRRE h, Ikhi PRt fEeamedTa §aPATRRiPBaRREVeeTh&he oFWO t he

above i nventdye; Al WP P DAL 98eUahY 1ARREESdmltiple of 1/4

wavelength, an antenna in accordance with the invention
can nevertheless be easily manufactured by changing the
inductance of the inductor and/or dimensions or constants
15 of the dielectric material. 2also, for the relatively
longer antenna length of 5A/8 mentioned above, the
radiation pattern of the antenna is still isotropic in
azimuth, while the antenna gain increases. Therefore,
the above inventive antenna can be advantageously applied
20 to mobile communication systems such as vehicle mounted
mobile telephones. In addition, the present invention is
advantageous in that the parasitic capacitance between
ground and the external conductor can be minimized so as
to improve the antenna performance. Moreover, the
25 construction allows for a reduction in weight and antenna

size.



20 to nmobil e conmmuni cati on systens such as vehicle nmounted nobile

t el ephonego dosagddi tion, the present invention is advant ageewareobivat the
parasitic capacitance between ground and the external conductor can be

mnimzed so as to inprove the antennp perfornmance. Mor eover, the 25
construction allows for a reduction in weight and antenna size. - 10 -
VWHAT |S CLAIMED |S: 1. A dual band antenna conprising: an inductor; first

and second PERAL IS, CLAIMED IS4 elenents 5 connected to | n ﬂﬂ ;
said inductor; dielectric material surrounding: said i nduJMﬂ“T’MIlmm l" } '
said first radiating el enent connected to one end of said indictér,"ant &

portion of said Secordd Guafi RINY INEeRPR COMPELELATto the other end of said
10 i nductor; a . jve housing surrounding said dielectric

mat eri al and supportTng sai d i nductor together with joined portions of said
first and second fiarBtat iavgd el sooid, tdidrsdimpddr tadixtehasi t ebewehbget her
wth said 15 dielectric materjal. %$ Tge an%ennﬁ og Claim1 wherein said
conduct Pve KERRSRFSDOMT i SRROHLS| FRAFi 4l SALLaFPHBEEPRG. 3. The antenna of

Caim1l wherein tdwenideri €Nflatbrsand Sigeithdad at EAgdeli9RMLd:S, cqQnnect ed
to an internal 20 conductor, of a_  coaxial feed line having an
outer condud@itiheiteaid firsf KAl ine ekemane conrreatedftal anen 1

e oy 5% idd "ol 20dia°oAfLEad: X e °LOBAEE184° PR VEEEEY 1N
radiating element connected to the other end of said
10 inductor; and
a conductive housing surrounding said dielectric
material and supporting said inductor together with
joined portions of said first and second radiating
elements, thereby forming capacitance together with said

15 dielectric material.

2. The antenna of Claim 1 wherein said conductive

- housing comprises a cylindrical metal housing.

3. The antenna of Claim 1 whexrein the other end of

said second radiating element is connected to an internal

20 conductor of a coaxial feed 1line having an outer
conductor connected to a ground plate.

4. The antenna of Claim 1 wherein said first and
second radiating elements are each provided with grooves
that are filled with said dielectric material so as to

25 form a bearing structure of said first and second

radiating elements by said conductive housing.

5. The antenna of Claim 4 wherein the other end of
said second radiating element is connected to an internal

conductor of a coaxial feed 1line having an outer



that are filled with said dielectric material so as to 25 form a bearing
struct ur avoe9/0448%i d first and second radiating el enents bPTHERIIIRWucti ve
housi ng. 5. The antenna of Claim4 wherein the other end of said second
radi ating el ement is connected to an-i Aflernal conductor” of a coaxial feed

line having an outer - 11- conductor connected to a g;ﬁm“”m‘alm“lﬂ“‘me
i

t : _ . , : - d
ant enna o géﬂaﬂb&owhﬁﬁﬁhQC%%Hdtgp?ﬁgﬁ%?gﬁiQﬁﬁégggdagap20|tante‘#o#niﬁg an

material forma Capacitance, sai :
LCresonant 5 circuit that provides a high inpedance within a high

frequency band of the,dual_,band an | ow | dance within a l.ow f,requency
band of the dual ®han P%mﬁﬁ%ﬂ%?%nﬁg g%ﬁle&s et 131 EPBABRELVEadi at es

within the RbgBihgeananeyiband eaedthdid meft i £l rechatd ngapheieahsel0
radi ate within the _high frequency band. 7. The antenna of Claim6 wherein
the | ow freg§adAcinBuABOrsaBdssahdFAPTOMAIBERILARELIR 2R &R FREQDERSY band

s @ standags Bipebalhe Spr e R CaNhidln Challahater £5£n381 G 0BRGN (€ 15
ends of~ sai i nduct or are each sol dere 0 a lFespective sald joined portion
of said firs$requeseyorienddic i heeldrmeht bashd Aaddal a bdv antnpedance

i si ng: i,nd . 20 fi dsshaped . .
adating BRERS & ootk EREAUERT rER8 82 g G6BREs A poRPRTERY, of

sai d i nduct gh) ydicplee @ is‘aifaitﬁéiﬂﬂét§ﬂgr eledieits arfidtes Witaahdthier st
radi ating el enent connected to_one_end of said .
high frequency band and both of said radiating elements

10 radiate within the high frequency band.

7. The antenna of Claim 6 wherein the low frequency
band is a standard CDMA band and the high frequency band
is a standard PCS band.

8. The antenna of Claim 1 wherein said opposite
15 ends of said inductor are each soldered to a respective
said joined portion of said first or second radiating

element.

9. A dual band antenna comprising:
an inductor;

20 first and second rod-shaped radiating elements
connected to first and second ends, respectively, of said
inductor;

dielectric material surrounding: a portion of said
first radiating element connected to one end of said

25 inductor, said entire inductor, and a portion of said
second radiating element connected to thé other end of
said inductor; and

a conductive support member for fixing said inductor
in place and supporting said inductor and the related

30 portions of said first and second radiating elements



25 I nductor, said entire inductor, and a portion of said second radiating

el ement GpPHBeEiwLs to the other end of said inductor; and apeancesiooy®
support nenber for fixing said inductor in place and supporting said

i nductor and the related 30 portionsjef _said first and second radiating
el enent s - 12 - together with said dielectric material, thereby form ng

capacitance with said,dielecgtricg, terial, such,that an LC resonant circuit
is formed. YPIethRE YWALBH$RGk éaéggﬁ%F%ﬁéW%Fﬁréa'd 5%@&%%¥5¢°rW&EﬁateS'in

a speci fied-{p£84ERRY%ePRIENATBM AL PAY i Hatarkgngt kudsh |k agnsai d
second radi ating elenent, and in a relatively lower frequency band as an
ant enna hak@graseeagthcisrviti A§ Bormest. said first and second radiating
el ements. 10 11. The antenna of Claim9 wherein said first and
second radi ating elenents are each provided with specified grooves which
are filled with $aid die¢ eahtennantodt i @lasm’ & whefeim salichramigeshauct ure

of said_ first and second radi at} | enents b | ying a uni form 15
horizomt al PBFEREEFomEald mﬁfﬁe%gmgymaﬁggﬁ t%s s8fd PeFRREric
material . 1ﬁavif[QeaaI’é§§€l§ & ﬂr?% rﬂé%mrs%ébrﬁﬁ'ﬁ&iﬁﬁﬁ? LDSRSHES I N a

specified freguqncy band as an antenna having a | ength ong as said
second radi anfndneleergsiatpoely ahawen £nesuancelhandwas fae@rbeyndand as

adiating chavbgsd 15RUR, RROLAR B0 b 1Sl Eibler b PAREPna

frequency bsadiasiagr edgmeats824MHz- 894MHz, and said

10 11. The antenna of Claim 9 wherein said first and
| second radiating elements are each provided with
specified grooves which are filled with said dielectric
material so as to form a bearing structure of said first
and second radiating elements by applying a uniform
15 horizontal force from said conductive support member to

said dielectric material.

12. The antenna of Claim 11 wherein said antenna
operates in a specified frequency band as an antenna
having a length as long as said second radiating element,

20 and in a relatively lower frequency band as an antenna
having a length combining both of said first and second
radiating elements.

13. The antenna of Claim 12 wherein said lower

frequency band is a range of 824MHz-894MHz, and said

25 relatively higher frequency band is a range of
1,750MHz-1, 870MHzZ.

14. The antenna of Claim 12 wherein said antenna

has a length of 1/4 wavelength at a center frequency of

L

the corresponding frequency band.



25 relativel hi gher frequency band is a range of

1, 750VHz- WRIWB2Z 14, The antenna of C aim 12 wherein sai dPSHERTTAREs a

| ength of 1/4 wavel ength at a center frequency of the correspondi ng
frequency band. - 13 - 15. The antenﬂig of Claim 12 wherein the other end
of said second radiating elenment is connected to an internal conductor of a

coaxial feed |ineihavi Thean¥éiria GG TPNIRELEENt end Prowhd é}}&t e. 5
16. The antenna of Claim 12 wherein said antenna has a |l ength of 5/8

wavel engt h Rf a s&dift eseredguerediatinge elnmenpodd ngonnegtedcytbarah 17.

Th ' ' ' f ] f
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range of 1,dafdkizebr8¢biHected to a ground plate.

5 16. The antenna of Claim 12 wherein said antenna
has a length of 5/8 wavelength at a center frequency of

the corresponding frequency band.

17. | The antenna of Claim 16 wherein said lower

frequency band is a range of B824MHz-894MHz, and said

10 relatively higher frequency band is a range of
1,750MHz-1,870MH=z.

I



