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sANTENNA FOR MOBI LE COMMUNI CATI ONS BACKGROUND OF THE | NVENTION |I. Field of
_the I nveyy égaadhe present invention relates to antennas, POT/KNOY/60237
particularly, to a dual band antenna for nobile comunications.

2. Description of the Related Art Wth {he rapid progress of mobile - -
conmmuni cations, 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
conmuni cati ons equi pnent. For nobil e comrmuni cations 15 ant ennas, mgj or

desi gn concerns DUAIDBAND XNTENNX CFORMOBILECCOMMUNICATRIONSequency. In
practice, it is desirable in the Republic of Korea (South Korea) to

interlink the existing COVA (Code Division Miultiple Access) systemw th the

new PCS 20gackBRO8RDAOrCati theainroNpyst en) system in the U S A to
interlink The existing AMPS (Advanced Mobil e Phone Service) systemwith the

PCS system and in Europe to interlink the existing GSM (G oupe Speci al e

Mobi |.e) system?/it!..lg_e et ni cati on System) 1800 i 25
system General l'y; Is a systemthat allows for
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communications. .

2.Description of the Related Art

With the rapid progress of mobile communications,
the capacity of existing systems is becoming saturated,
io and thus, new systems are being developed at new
frequencies to enhance capacity. Accordingly, the
interrelationship between existing and new systems wmust
be taken into consideration in the design of mobile
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
Koféa (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
interlink 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. Geénerally, a "dual band system" is a system that T
| allows for communications within two different systems at
different frequency bands, such as in above examples. It
is des'_i.réble_ to wmanufacture communications egquipment

capablé of operating within dual band systems.



Her et-of ore, each radi o tel ephone termnal in the dual band systens are
¢provided with two separate mniature antennas for two different bands,
whi ch results in increased production cost. Al so, the use of twy antennas 5

“for thi W58 is an obstacle to the miniaturization ofPFSTHERYAREY

tel ephone termnal, and results in an inconvenience to the user. For
these reasons, it is required to deveéd op a dual band antenna capabl e of
bei'ng used for both bands. 10 U. S. Pat ent No. 4,509, 056

di SC1 0SeS gerdy GFbie; | UL EYARY! LNZHHENSYEOIMERbYNGY, SLAEY uflioke.

Referring to FIG 1, an antenna of the“type disclosed in that patent is
shown. Thikandt syskeniserates pgbvddad, evythn tavos yseparaipe wiilad atherd r equency.

rati o between oper at,j f encies,is 1.25 qr, higher. . The .,internal
conduct or Vgrbt%%ﬁ%%ctgﬁrtoe"gcgaéigﬁwﬁ%élbtl B q'f sIFEEH Thok® 12i act
as a radi alntgegsetepioddbeidredoppl NtADEo S| ey a1 A td antennas
short-circuited and the other end_ thereof is ogpen.  The |engths of

conduc® or B®F Jeh1s PRIERPER VS AfbiebstRCLE é:‘?jé'g?egﬁ@du@('}u&'sl iQmiadye

maxi mum ef¢hei epgyiatl addagindk freavananl , Tharhokead?icds Rartiza 1y
filled wth dielectric material 16i that is dinensioned so that the choke
forms a quimcenrvepiengagtte t thasmsay on 1Har theser eeamansR5 itcdupl i ng

bet ween t 14j X i 0 nd t he choke at
the hi ghegfe&?%%gng{?. a%?‘%gﬁe% %1@%? g?é‘éu?%‘%é’%% 8’-’%@%&’ 'eor?%f O Rhoke 12i
beconmes i negé@cforebaghabandsl.ati on el enent and the entire length P of the

structure fromihe ground $I ane to the eAPd of 1_30 he conductor, becones
a monohol e antelind-at tFREFBher MRonant®* A &Ry . Fi?es § ng et ween

o7 e et anacs shrcidie TSy Aleuaenr tude e 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
15 operating frequencies is 1.25 or higher. The internal
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
20 and sleeve choke 12i are designed so as to achieve
maximum efficiency at a desired frequency.
;, The choke 121 is partially filled with dielectric
maﬂérial 16i that is dimensioned so that the choke forms
a quarter wavelength transmission line and prevents
25 coupling between the shell 14i and the extension 10 at
the open end of the choke at the highest frequency. At
some lower frequency of'operation, the choke 12i becomes
ineffective as an isolation element and the entire length
P of the structure from the ground plane to the end of
+ 30 the conductor, becomes a monopole antenna at the lower
resonant frequency.
The coupling between conductor 10 and sleeve choke 12i
occursfat'the open end of sleeve choke 12i. That is,

when the length 1 = —i‘- , the choke acts as a high



- 3- inpedance, whereby the coupling between conductor 10 and sl eeve choke

121 is mnimal. Wen [err], the choke acts as a | ow i npedance, whereby
~ t he couwlo gsgsslez2t ween conductor 10 and choke 12i is hi gherPCI/KRawombectri cal
5 | engt h of ‘choke 12i can be adjusted by varying the dielectric constant

of dielectric material 16i. The consirsiction consisting of internal and-
external conductors 10, 14i is regarded as coaxial transmssion, and its
characteristic,i npedance is expressed.gs follows: 10 [ Equation 1] [err]
wher o [ or r{MPEORRER o WRFECBYNE RS, EOUBLIDY RETHERREBICRTe Tt Ral
conduct or g padvd bhokbe 19ianms epiAkmahe | virsmal Acondugt orp Thendpgut

i npedance between internal 15 and external corductors 10, 14i is -
denot ed byackheafo|d ohPHy Istpedaree. [ Fiexehyh the [ eppplangerhetwesnf act or,
[err] is |0 a 1452 -%,;hof a 1 SSLO i ne, and
Z[err] is §%§§8?§%eggﬁg£e&.§&| Ehf)ﬁg ajh en%g c])’*l 1, T %e%rgo%‘?\%l p?iate 20
and ex er neéngthdust orchbke al@ist cant el ladjadi=xknbyt ovaeghngt hehie ther eby

causing patasjtic_capacitanc i C egr.ades the antenpa,efficiency. To
i nprove t H&*%& ?Eﬁﬁéc2§°nfsgﬁ'ﬁ%c:g?nd}‘,eql[ e-Tpat 53 "F%l%:gpgghan_ce can be
decr eased. THE CshdehYetiont oSt ingt ich ahtbk@all, ahfe ioapigl of
external conductor 14i nust be reduced for this purpose, which is’

ul ti mat el ycOREUGEAESad Oy hd4ledifet FOFasfedhasacoaniali Cyanmmberionf choke

121 accordijg §0s!éfarlcre2PoY EcCiipbifice( 1k exprbabed®as AUElRSHUCt] ON

10 [Equation 1] _
Z,=59.95//¢, 1n(D/d)

C

where e, is dielectric constant, D is the diameter of
the external conductor, and d is the diameter of the
internal conductor. The input impedance between internal

15 and external conductors 10, 14i is denoted by the
following equation:

[Bgquation 2]

. Z,+7Z tanhyl

Zin=Z —& IZ¢ i
Z +jZ,tanhyl

attenuation factor, £ is propagation constant, 1 is

where y=a+jp , o is

20 length of transmission line, and Z, is load impedance.
In }the antenna of FIG. 1, the ground plate 20 and
extiernal conductor 14i are structurally adjacent to each
other, thereby causing parasitic capacitance which
degrades the antenna efficiency. To improve the antenna

25 efficiency, the parasitic capacitance can be decreased.
Accordingly, in the construction of FIG. 1, the diameter
of external conductor 141 wmust be reduced for this
purpose, which is ultimately the same as the reduction of
characteristic impedance of choke 12i according to the T

30 above equation (1). That is,. such reduction in the
characteristic impedance of choke 12i gives rise to a
change in the amount of coupling, resulting in a

degradaition of the antenna’s performance.



char.acteristic inpedance of choke 12i gives rise to a change in the
. amount of coupling, resulting in a degradation of the antenna's

perf or mance. -4- Thus, to mnimally affect the anount 430 and to ,
- keep th’g%/éﬁ%zFacteristic i npedance of choke 12i ess %Er{]gﬁ%@h%ﬁe samnme
as it was previously (i.e., before the diameter of conductor 14i changed),
the dianeter of 5 internal conductor £0-nust be reduced. This results in a
reduction in the antenna' s bandwi dth. Therefore, when the antenna is ’
manuf act urefid N tselohinimabler afEersaiie Gl OFf | &haslDig | angover the

frequency bandwi dth required for the system 10 Further, since the

di el ectri &G8R er the i sSCRAPREFEYLEE1S]) LdTPeRRANGRant9k y Shoksupl LRd, the-
diel ectri st & hgafllmgasi;en | re £, Qut e st be
accur at el 3% sel e'c:?iet'(szll)fﬂgt?hpr%fc}e%E cous'?'i I"l\gs ?lma\?ﬁléﬂnglﬁl‘\ilEﬁﬁ'F%k\’lr%
Accor di nglghe diamekeraaf cppductost l4ihehangadnt theecdiaweten pfovi de a

dual’ hand Qi &Ns WillahAPLEVEH RREEOHIRIGS:, AN  Bandw

th,. .. by.
m ni M zi ng arasrtic capacltance between a ground p %%egﬁﬁﬁlﬁﬁ &Rt er nal
conduct or & hesdodti@® in the antésnanstbandwbient ofhébersresewhennvention
to provide_.a dual band,antenna which has a sipple and conpact structure and

high.perfd?ﬁ%n@%?eFFai%ssﬁﬁmuéﬂﬁﬁﬂﬁﬁloﬁ?eEPc.f@ﬂﬂ?ﬁﬂ%&en?h¢n§éﬁﬁion to
provide a fghodanshed LAEEoLEh E6vEPEXPRES! ¥RegRdndD bsagvzﬁat nt to
use. In an exenplary enbodi nent” of the present invention, a dual band
ant enna f oreqbbred € caYEBA®-i ncl udes a :
10 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.

SUMMARY OF THE INVENTION

15 Accordingly, it 1is an object of the present
invention to provide a dual band antenna with improved
performance and bandwidth; by mwinimizing parasitic
cépacitance between a ground plane and an external
conductor thereof.

20 It is another object of the present invention to
provide a dual band antenna which has a simple and
com%act structure and high performance. .

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

25 convenient to use.

In an exemplary embodiment of the present invention,
a dual band antenna for mobile communications includes a
rod-shaped radiating element having a first portion of a

s predetermined length connected to a coaxial feed line,

30 and a second portion of a specified length integrally
extending from the first poftion. The coaxial feed line
connects to a ground plate, and a first capacitive load

connects to the first portion of the radiating element.



rod-shaped radi ating el ement having a first portion of a i _
‘predeterm ned | ength connected-to a coaxial feed |ine, 30 and a second
porti onwofssasepeci fied | ength integrally extending from tIE/KRYZEO2P0Or t i on.
The coaxial feed |line connects to a ground plate, and a first capacitive
| oad connects to the first portion of sthe radi ating el enent. A choke-
surrounds the second portion of the radiating elenent, and has a shorting

end connegted t.0o a_distal of the s ond portia d an end at a

pr oxi mal q'b?k? hEUEESLRGS pg‘?}f? oft- <o, s%%%'gldo%a %ca'iq??/erﬁggr&rgl"?%

connect edeibtriéliﬁ; s eid &m anghok tilg ek eonnetteditgher dapesat end band of
the dual band, the I nput edance of the choke_is high, such_that onI y 't he

first (I oR&r )th&)rﬁﬁ‘?ﬁp%fp?ﬁ 1PRJPRE AR SRSReRPG A o eBYOXARA
oper ati ng gang, of éélf‘oﬁh‘ago%&%thez?h%%oﬁd ”@Q{Jaéﬂtlvé% 'S | ower

to allow for radiation fromthe entire Iength he ante RINF
DESCREPT| Csindectier IﬁtAWh@Slmﬂ;lnglsnd gécthgnahokeew Gh a boghea e

antenna o eratl n. d e S tlonal 5

embodi nen -kﬁrg%u%%cgﬁén? abé“?bcfo @@ %1891 8n8ﬁol? FIG 2
is a sect it@.l'@ﬁ' chbhw iid uticdl,i nguthe telpast wmy othef ﬁﬁwl (hawdgnt enna
according to an enbodi pent of, the present jnvention; and 20 - FIGS. 3A

and 3B ar @A t°fi EjraF@diating slemerturediatesci r At e doveRe

ant ennas Qf,dideSin % YA, oECSPRE! I gAY Blrd) LRADESHINENON i poutHE
PREFERRED ENMBODI An exenplary enbodi nent of the present invéntion 25

wi || Leow Homestantedd dowes gerialilow [Spmiradisdtian faom ghe entire

length of the antenna.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view of a monopole antenna

operating at dual frequencies according to a conventional
15 embodiment of wmulti-frequency antenna employing tuned
sleeve chokes;

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

20 FIGS. 3A and 3B are circuit diagrams illustrating
equivalent circuits of the antennas of FIGS. 1 and 2,

respectively.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
An exemplary embodiment of the present invention
25 will now be described more specifically with reference to
the drawings attached only be way of example. It is to
be noted that like reference numerals and characters used
in the accompanying drawings refer to like constituent
elements.
30 Referring now to FIG. 2, an antenna in accordance
with the invention includes a choke 35 formed as a metal

pipe, with the lower end of the choke being open. A



the draw ngs attached only be way of exanple. It is to be noted that |ike.
.reference nunerals and characters used in the acconpanying draw ngs refer

to i ke_constituent el enents. 30 Referring now to ant'enna
in accoPM¥4E th the invention includes a choke 35 for r‘géiﬁéééoo?r@t al . -
pipe, wth the I ower end of the choke being open. A -6- rod-shaped.

radi ating el enent 33 is positioned within choke 35, wth an upper end of
radi ati ng el enent 33 being connected to an upper end of the choke

(short-cirggit elaped) - radiathflg 0FBémest’ @4 t ed g@gitﬂéne&h%hf@ is 5
approximately at_a distance Li fromground plane 20. A |ower end of
radiati ng ehekend533wishcannappey endi of cFaldiat ing ®kement S hibeinaxi al

feed line | t.] o] 38l 0 e . f-circuited
end portioﬁoglpegﬁgliae%%g.a&gr}iﬁ%# gg%aglft ?\1}% Ir&?)% Bg(slt}%lri%%l%lnte%*ed to
radi ati ng ehddent 33Thée aopesci f@ixcuisedncendowndar dehoken t BS opiwn- end of
choke 35. Capacitive l.0ad 36 can be either _a coaxi al .cyl.inder, or par al | el
W re of i FRBEORIMATE SR He =orn o £ 20H0 B ePrg RIakE 261 5 B
symet ri callowelh eadpeef tpadbatihgdi aleenel eBENtis3; chiovevesd ito may
alternatively be asymetrical with respect to the radiating elenment in

ot her enbodRFeFnal TIRENIUSHQE o ofPlcaiRa¥tadk IFRRR FLnV7 Jerni t& the

overal| antgaazsqnR@l Méfybeesy (nddited Neo RELSIdML: I cOf  the

wel | - known uarter-wave nonopol e ant enna. nce the 1 npedance of
choke 35 (endceujuiicr orE whdke h35 ¢ adAnbkhegrelcepacti ti¥e et &Y tier ei n)

changgs as Bnhdld LU a8 Y Yo ettt §9208CH SRSt £ &8 MK ance
downward from the open-end of choke 35.
Capacitive load 36 can be either a coaxial cylinder
or a parallel wire or wires. In the embodiment of FIG.
2, capacitive load 36 is symmetrical with respect to
15 radiating element 33; however, it may alternatively be
asymmetrical with respect to the radiating element in
other embodiments. The provision of capacitive loads 36,
37 permits the overall antenna length to be shorter than
the physical léngth of the well-known quarter-wave
20 monopole antenna.
Since the impedance of choke 35 (in conjunction with
the radiating element 33 inserted therein) changes as a
fuﬁction of frequency, this characterxistic can be
advantageously used to enable the antenna of FIG. 2 to
25 operated simultaneously in two different frequency bands.
For instance, choke 35 can be designed with a length of.
A/4 at the center frequency of a high frequency band,
e.g., 1,700-1,990 MHz such that only the first portion of
radiating element 33 radiates in the high band. At a low
» 30 enough frequency, the entire antenna of length L2d
radiates.
The input impedance 2Zin at the choke 35 input
termingl"at the high frequency band is determined in

accordance with the above equation (2). 2Zin can also be



advant ageously used to enable the antenna of FIG 2 to 25 oper at ed _
+Simul taneously in two different-frequency bands. For instance, choke 35-can
be desi gmedsseL2h a | ength of . X/ 4 at the center frequency PafT/KRITI09ET7
“frequency band, e.g., 1,700-1,990 MHz such that only the first porfion of
radi ating el enent 33 radiates in the-hygh band. At a | ow 30 enough -
frequency, the entire antenna of Ilength L2 radiates. The input

I npedance Zin_at the,choke i nput _term.nal a t%e hi gh frequency band is
det er ni ned®FR*&EE ?Xcg"lf\ﬁ %%W@P%\Fgﬁﬁb??o{?)( ecailge ¢ ]ﬂeai'-géébe
- 7- expresspgedanicee fzy | 99 Bg sheddi-icdrdudt because the | oad i npedance

Z[err] is a short-circuit: [Equation 3) Zin = [err] 5 If the
attenuation factl®aueddon 31 gnored (i.e., [err] = 0), Zin is denoted by the

foll ow ng equati nfé?zzizﬂﬁi?tl' on 4] Zin= [err] where [err] is the
propagati on constan Ferr]. "10 By using egn. (4), the input

i npedaBice Zi n wién the eatienaatbenefjactsgedy byst hgnbaelkdovwiing gquat izon (5):

[ Equat i on Zin_=.er As e | cu | on.resul t _above indicates, the
nput 16" B9 wpddinds slendhad Bs e el 8185 Fbalinty o becomes

al rost infinite [Bsheitdlanh anly the lower portion (hereinafter referred to as

“first portion") of radiati ng el enrent 33 bel ow t he open-end of choke 35
radi ates. The reddiit d§pBRRPON of radiating el enent 33, i.e., the

where 8 is the propagation constant " 2x/A ".
10 By using egn. (4), the input impedance Zinwhen 1 = A/4
can be expressed by the following equation (5):
[Equation 5]
Zin=JjZ e~

" As the calculation result above indicates, the input
15 impedance of choke 35 in the higher frequency band
becomes almost infinite, whereby only the lower portion
(hereinafter referred to as "first portion") of radiating
element 33 below the open-end of choke 35 radiates. The
remaining portion of radiating element 33, i.e., the
20 portion inserted into choke 35 (hereinafter referred to
as }the “second portion" of the radiating element) does
not radiate when the choke input impedance is very high,
which is preferably the case within the higher fréquency
band. As a result, in the high frequency band, the
25 antenna of FIG. 2 operates as a A/4 monopole antenna
having a length of L1 (assuming that the length L1 is
selected to correspond to about A/4 at a frequency within
the higher frequency band). In the lower frequency band
of the dual band, the choke 35 input impedance is lower, )
30 whereby choke 35 and radiating element 33 are
electrically coupled. Thus, in the lower band, the
antenna operates as a 1/4 wavelength monopole antenna

having ‘a length of L2 (assuming that the length L2 is



L]

+ 20 .portion inserted into choke 35 (hereinafter referred to as the "second
portion" of the radiating el enent) does not radiate when the choke input -

i npedance i s _very high, which is preferably the case withj L gher
frequencyOB¥A¥22° As a result, in the high frequency banheT#ﬁémgggp -
antenna of FIG 2 operates as a X/ 4 nonopol e antenna having a | ength of .LI
(assunming that the length LI is select®d-to correspond to about [err]/4 at
a frequency within the higher frequency band). In the |ower frequency band °

of the duakebavged B8 ebekes 5nhﬂﬁ%tabﬁﬁedﬁﬁqeaﬁsa!E&E?ueﬁ%&-wfﬂﬁiﬁby
choke 35 and radiating elenment 33 are electrically coupled. Thus,

in the | onehepakewert Hregrenfa SdBies ASamentigned cahonesonohel e .
ant enna hayl ls t : 55151%' a e ' sel ected
to correspéhggtcgtéb%t %‘?Jr'ﬁ4g§t a %q%gn?ﬁ\ﬁti {r}g?'ze ofv\e/}rtftr:fe}auency
band) . Aexaeht lemgthsb@asd ecttdd fapakl tané Ldadi ng of | oads 36 and 37

will affect the exiﬁg gg, t hs, selgected for L1 and

2. 5 In the
fol | owng di scus® WG ﬁﬁ%ﬁﬁﬂﬁ%ﬁi?¥§T8t¢%I?ﬁﬁ E¥E§%%F?étion, as

a functionjofiusteatdney tid vaeiatiuh, | ABedaF M E@iidhake §§e?méﬂég,the
antenna of EIG 2 for specific frequencies. As a first exanple, the
i npedance @& tAE dRPNt HMPadange s hrka 35 pekehbr the ankerraT@fecom

Zin =] o FAGY 7 28 Speeyy, BUNGHeslls | TRt S48l SRS, B e
are the m dmpedague nuaciabitd witbiperhiespPCBesfrequenty, bandi aft he
band.lﬁinc%&gg%(¥3Tégg£wiggé£bég£§ggng§ éﬁeogoiﬂg%gn%Sehaation 6:

' [Equation 6]
1,750MHz --> Zin jZc * 14

Fhmax = 1,870MHz --> Zin = -jZc * 14,

Fhmin

where Fhmin and Fhmax are the minimum and maximum
15 frequencies, respectively, within the band.

Since the characteristic impedance Zc of choke 35 is
governed by the above eqn. (1), the characteristic
impedance is calculated by substituting the actual value
in egqn. (1), resulting in the following egn. (7):

20 [Equation 7]
Zc = 59.95/4/7T1n(3/1) »65.86
: Therefore, the amount of input impedance variation
atffrequencies in the above PCS frequency band can be
expressed by the following egn. (8):
25 [Equation 8]

Fhmin = 1,750MHz --> Zin = j65.86 * 14 = j922.06 ohm

Fhmax = 1,870MHz --> 2in = -j65.86 * 14 = -j922.06
ohm.

As calculated above, since the input impedance Zin

+ 30 is high, the choke 35 does not operate as a radiating“
element in the higher frequency band.
. Next, the input impedance Zin at the input terminal
of choke 35 in the CDMA (800MHz) frequency band is

calculéted as the following equation (9):



governed by the above eqn. (1), the characteristic inpedance is calcul ated
by substituting the actual value in eqn. (1), resulting in the follow ng
eqn.’ (7) wQ08/58422 [Equation 7] Zc = 59.95/[err]/I1nl (3/ EFTEEREH0277
"Therefore, the anpunt of input inpedance variation at frequencies in the
above PCS frequency band can be expressed by the following eqn. (8): 25°-

[ Equation 81 Fhmn = 1, 750MHz --> Zin = J65.86 * 14 = | 922. 06 ohm Fhmax =
1, 870MHz --> Zii = -'GSha% * 14 = -] 922.06 ohm As cal cul ated above, since
t he i nput i nped Ry §0 is high, the choke 35 does not operate as a

radi ating el eneplimifn thelaMpier- f exrjuencyjdsuek Nexiss thejsnpog bamedance
Zin at the input ternlnal of choke 35 in the CDVA (800M1z) frequency band

i s cal cul ated a§' MRE ol B 36MHE e‘q’&‘aﬁb‘i‘l £9)-3165. 859 tE&u&t i oh 8j6#LAin =
824MHz - ->ggiyn = ] 65.86 * 0.85 = j55.98 ohm Fl nax 894MHz --> Zin =

-] 65.86 * 8 97 = -j64.3 ohm 5 ‘where Flmn and Fl max are the | owest
and highest freybere eElmmespadt iRshax airehithe hdowestd. amsd ahighakt, in the

coupl e, oHERARAE R, HRER iR w SR b AEPE bRARS "ot ot es. “Thus, it

10 L2 is sel epised E:@siﬂjtr esporuhet qwmaaﬁaquamlmh eheachbrauency

wi thin the_| ower frequenc¥ Eggd J E%E?qgennaaggt% as .a gquarter wavel ength

monopol e aRPe he radia g nt 33 oupled, such that
the entlre length L2 of the antenna radiates. Thus, if

10 L2 is selected to correspond to a quarter wavelength at
a frequency within the lower frequency band, the antenna
acts as a quarter wavelength monopole antenna.

As illustrated in FIG. 2, since the choke 35 is
separated from coaxial feed line 2 and ground plate 20 by

15 a significant distance, e.g., by about the distance
corresponding to A/4 at the center of the higher
frequency band, the effect of parasitic capacitance is

- thereby reduced. Also, the diameter dl of radiating
element 33 can be made larger than the diameter d of the

20 antenna shown in FIG. 1, thereby allowing for a wider
operating bandwidth as compared to that prior art
antenna.

: With reference now to FIGS. 3A and 3B, there are
shown lumped element equivalent circuits for the antennas

25 of FIGS. 1 and 2, respectively. The coupling between
radiating element 33 and choke 35 is a function of the
shown capacitor and inductor, and the radiating element
33 is divided into first and second portions with the
parallel LC resonant circuit in between.

30 Since the above-described antenna of the present“
invention has a broad bandwidth,. the same single antenna
can be used within a dual band system such as GSM/DECT,
GSM/DCS1800, AMPS, or CDMA (824MHz-894MHz/PCS systems. In

additi&ﬁ, the above-described antenna can be used for



As illustrated in FIG 2, since the choke 35 is separated from coaxial feed
Jine 2 and ground plate 20 by 15 a signifi.cant distance,  e.g., by about
t he di st responding to X/4 at the center of the hi ncy

" band, th\%ﬁé&,ﬁé@% of parasitic capacitance is thereby redu%gg.m*&lg?g, t-he

di aneter dl of radiating elenment 33 can be nade |arger than the dianeter. d

of the 20 antenna shown in FIG 1,7 t]hQar‘eby allowing for a wi der operating
bandw dt h as conpared to that prior art antenna. Wth reference nowto )
FI GS. 3A addalBban@y dmmhislowhd Waseic et bk etosen tiedtuspeguaha for the
antennas 25 of FIGS. 1 and 2, respectively. The coupling between

radi at i ng éP@ﬁEntfrm%md%Slﬁsnﬁtf BRc RIS (el ihRis efpaéhtor and -
i nductor, gaddigidiadi atpdld €heseBhsdd ikhediatitdathd Mdh fid Shesgnagqcond
portions with the parallel LC resqnant’ circuit in between. 3% Si nce
t he above- ¥d&craprubprtatmaselechaopr @fentenavent fon hae «£ibrsmdabdndw dt h,

the sa Si e j {04 an ystem such_as

vt DECT, - GRS ESY oApet SEESad At ShiRal pend)EhETRS Fhn
addi ti on, behe efifeetal®scsy bedsingenapprapriatissedigpsr and 10lowdwal bands
in which the separation between the upper and | ower frequency bands is not
an i nt eger SARAGLHANTE 93ARER ength. For this case, the antenna can be

desi gned vi a appropkgiiate 56: opdd @M Pl dppddisated tiht i b8t #AfeAna Second

portions of the radiating elenment, and tuning can be effected by using
appr opr i at dampFaEctaed dike Acearaanae #d b sengresentuwinveptipnatinby

appreiioat e@lféq%tdv%fh%ee%q.’aa simple and compact structure with high
performance, while being easy to manufacture, inexpensive

and convenient to use.
As described above, although the present invention
has been described in detail with reference to the
15 specific embodiment, it must be in no way construed as a
limitation of the invention itself, and it will be
apparenﬁ to those skilled in the art that many changes
and modifications may be made thereto without departing
from the spirit of the present invention. Accordingly,
20 the appended claims cover all such changes and
modifications which fall within the spirit and scope of

the present invention.



manuf actured in accordance with the present invention has 10 t he .
advant age of a sinple and conpact .structure with high performance, while
bei ng easeg 9gmsazanuf act ure, inexpensive and conveni ent to RE/KRET/BELri bed.
‘above, although the present invention has been described in detail with
reference to the 15 specific enbodi ment, it nmust be in ho way construed
as alimtation of the invention itself, and ”’nu”’mm nt to those
skilled in_the @ AhEB R Changes and nodi uﬂﬂrﬁ ﬁnade thereto
Wit hout dePBRPErAg—Frorrtire—sSpirit of the presefit fnvientd on. Accordingly, 20
the appended ql ai ms daateband lantefila €banaesbiBedesRguhhealiioms Whi ch
fall within the spirit and scope of the present invention. - 11 - WHAT

| S CLAI MEDCPWPTrising:dual band antenna for mobile connunicacions
conprising: a rqd-shap at,l a rtj.on of a
pr edet er m ned Ighgth cgﬂﬁgggad fgggﬁéoa I a ?féﬁégﬂllﬁébiﬁ d g sgggkg portion
of a speci poattiloangith a mmgi&ﬁdmménhamgthromacueﬂl Eet apecaxial a
ground pla onnect ed t sal coaxi eed | i afirs paci ti e Ioad
connect ed %84@1 Y96t 308 2 pore?Pd %P S4F - R a:ﬁﬁfiﬂ%%%ﬁt

surroundi ng n¥@igEalQso Rk d iy f&oﬁasdlaadnabtngo@te.rmnt havi ng a

shorting end connected to a distal end of the second portion and an open
end at a proxi m@ SHIH RifEe KIMeoerdi 6A; Sﬁh@ ¢gaxial fegdsddamed

capaci tive | oad CoppestedogbabeivRor 1bRE OdnRéctald f90kMhe first

10 portion of said radiating element;

a choke surrounding said second portion of said
radiating element, having a shorting end connected to a
distal end of the second portion and an open end at a
proximal end of the second portion; and

15 a second capacitive load connected at the shorting

end of said choke.

2. The dual band antenna of Claim 1, wherein said

first and second capacitive loads each comprise a
horizontal planar portion and an annular vertical portion

20 formed on a circumference of said horizontal planar

portion.

3. The dual band antenna of Claim 2, wherein said
horizontal planar portion of said first capacitive load
is annularly connected to the shorting end of said choke,

25 and said annular vertical portion of the first capacitive
load extends downward a pre-established distance towards

the first portion of said radiating element.

4. The dual band antenna . of Claim 1, wherein at
least one of said first and second capacitive loads is

30 shaped as a coaxial cylinder.



L
2. The dual band antenna of Caim1l, wherein said first and second

,capacit:ve | oads each ](c:orrprijse a hori zomm m”myuam”mﬁn and an anlnul_ar-
vertica ' 20 ormed on a circu Skhﬁaﬂh anar
'portion.wg%}fhégdual band antenna of C ahmlé, I els [ ori z@h%gl -
pl anar portion of said first capacitive load is annularly connected to the
shorting end of said choke, 25 and sk d” annul ar verti cal portion of- the
first -capacitive | oad extends downward a pre-established distance towards
the first porti & ofTlsai duahdbahdngnekeamaniof £laifhel dushebebd saidnna- of

Claim1, wherein at least one of said f{irst and second capacitive loads is
30 shape§1£§§1QﬁﬁﬂﬁﬁﬂlYﬁJi%ﬁ%r?ompr@sﬁﬁ Pagéliﬁi Y&ZPShand ant enna of -
Claim 1, wherein said first capacitive |load conprises parallel wires. 6.
The dual band antenna of Claim 1, wherein said second capacitive | oad
conpri ses paral &l Whesdugl band aptempge afudllaandl arvkerneinf saidim 1,

wher ei n sai §§ﬁf !§§§§¥§ | v agd.| t o] 0 be connected to
a peri pheraﬁ% sur art% 0 sa‘?é(j g%%ﬁeggﬁérgggéuﬁ’#g%‘%geg’nwggﬁesr' portion of said
choke by a specified length. 10 8. The dual band antenna of C aim
1, wherein said antepna qperages jn redeter i ned hi gh freguency band of
sai d FIéaI band a'f;" aﬁ%ﬂtgﬁﬁ; h%&"%q%éﬁgtorf'eéﬁar’dﬁ asWeGF 8 R F?gdport i on
of said radgictdi elapyEiitivd Iidhd rigd aldomitrdcerd] fgequancydbapd of said

dual band as an 15 _ antenna having a | ength conbining both of said first
and second GBS HRA okOsai Perdmharaly sreheee. of said choke and to

surround an outer portion of said choke by a specified
length.

10 8. The dual band antenna of Claim 1, wherein said
antenna operates in a predetermined high frequency band
of said dual band as an antenna having a length as long
as said first portion of said radiating element,'and in
a relatively lower frequency band of said dual band as an

15 antenna having a length combining both of said first and

second portions of said radiating element.

9. The dual band antenna of Claim 8, wherein said
lower frequency band is a range of about 824MHz-960MHz,
and ‘said relatively higher frequency band is a range of

20 about 1,700MHz-1,9°%0MHz.

10. The dual band antenna of Claim 1, wherein said
first portion has a length of about a quarter wavelength
at a center frequency of a high frequency band of said
dual band, and said first and second portions have a

y 25 combined length of about a quarter wavelength at a— -
frequency within a lower £frequency band of said dual

band.

1i. A dual band antenna for mobile communications



9. The dual band antenna of C aim 8, ﬂ"’lﬁﬂﬂ“ﬂ”ﬂ frequency band is a
,fange .of about 824MHz-960MHz, and sai ” ﬂymgr frequency band - is
a range wo 988422 about 1, 700MHz- 1, 990MHz. 10." The dual ban&@CAARNANE; O ai m
"1, wherein said first portion has a |l ength of about a quarter mavelength at
a center frequency of a high frequercldand of said dual band, and said ~
first and second portions have a 25 conbi ned | engt h of about a quarter

mavelengthc§gﬁgl uency within a |l ower frequency band of said dual band.
11. A dual nna for nobile comrunications - 13 - conprising: a
met al choke shaaednasah edkev phppedores erad hbtileaf pipeag @en; end

radi ati ng e] enent govin a first end connected to 5 an i nner conduct or "of
a coaxi al Faegeprtn e&ﬁ@ &P&ond end di sposed within said choke and

connected to a gheLldi a¢ingid1Rnetd mvﬁegohcfwgt @nareaﬂﬁeehaa%eonnect ed

to an outer conductor of said coaxial feed line; 10 a first
capaci 5i vean [ismer wonducker o8 a tgraxiwkt feefcdined andi af segondchoke:

and a seco Qa4 t 0 &l t a
predetern1%gg gﬁ%%cﬁkgfﬁbb Iﬁgﬁgggﬁﬂg% Jéﬁ%g?%&gﬁé&éa E@ S”EHLr%12_ The
dual .band eitrenited efidiof Haidhehake;in a high frequency band of the dua

band, only a portion of sa d radlatln E?dipement carrespondi to a | ower
part bel ow sai d 2o Ry BI3BG; §9 a8 pu %ﬂ‘g‘é tor of

said coaxial feed line;
10 a first capacitive load connected to the
short-circuited end of said choke; and
a second capacitive load connected to said radiating
element at a predetermined distance from the open end of

said choke.

15 12. The dual band antenna of Claim 11, wherein in
a high frequency band of the dual band, only a portion of
said radiating element corresponding to a lower part
below said open?end of said choke operates as an antenna,
and in a relatively lower frequency band of the dual

20 band, said radiating element and said choke are coupled,
whereby radiation occurs from an entire length of said
ant%nna comprising lengths of said first and second

portions.

13. The dual band antenna of Claim 12, wherein said

25 lower frequency band is a range of about 824MHz-894MHz,

and said high £frequency baod is a range of about
1,710MHz-1, 990MHz.

14. An antenna comprising:.
a radiating element having a lower portion with a
30 proximal end connected to a feed line;

a “hollow cylindrical choke surrounding an upper



and in a rel atively lower frequency ban w E dual 20 ~ band, said

.radiating elenent and said choke are co H]M”' diati on occurs from )
an enti rv@o%ﬁggw of said antenna conpri é-rfldﬁ’gsfooﬁﬁld e
I ons '

"second por 13. The dual band antenna of daim 127 er ein said 25

| ower frequency band is a range of ab]%t 824VMHz- 894MHz, and said high -
frequency band is a range of about 1 OVHz- 1, 990VHz. 14. An ant enna
conprising:. a radiating elenment having a | ower portion with a 30 proxi nal
end conneptcmt:tcm of mﬁ.dimiatinglehemghtndndchhvihgka firstuedidig an

upper 14- portion of said diati d haui n a fi,rst end
el ectri caﬁ %&prﬁfeacjtéﬁ e ‘f‘%‘%a‘f‘ e?ldggﬁegi 8n a8 aﬁf"ﬁé gﬂ'éﬁ‘lln%d a
second englumeit i ndReNsedded eéndi Whachr &@ebﬁm-ned hi gh operating
frequency 5 band, said choke exhibits a hig nput |npedance such t hat

only the | ower "Htﬁﬁ”efn I apreiekrrningdehédbnPrezarings frganeneya

pr ede er y Ja S t ower
inputtsfnpe ance sucﬁ %d %kgtmiﬂgggocagu?g rgmh%afr?qe%'tﬁ? Q#gﬁg%hu%}# said 10
ant enna mhatudon@ya thaangoheroqurrte.qlppef #®add ovadipbingoedegersai d

radi ati ng _el ement The anten f dai further rising a first
capaci ti vé:afcg:'a %%’nn%r(':q et ft ¥he %ﬁ%ﬂugFPmﬁPWeap Sﬁat&flgt %gggﬁﬁ?ég’and a
second capamd, vealgadhowenasiteibilts at Adwes |iwwit pokbe@anet wich

radi ati ng el ement._16. The antenna_of C aim 15, wherein said feed |ine
conpri ses t&q%a%‘,aglaftéé@mﬁgurs from an entire length of said

10 antenna including a length of the upper and lower

portions of said radiating element.

15. The antenna of Claim 14, further comprising a
first capacitive load connected at the short-circuited
end of the choke and a second capacitive load connected

15 to the lower portion of said radiating element.

16. The antenna of Claim 15, wherein said feed line

comprises a coaxial feed line.

17. The antenna of Claim 16, further comprising a
ground plane coupled to an outer conductor of said

20 coaxial feed line.

18. The antenna of Claim 14, wherein said radiating

element is shaped as a rod.

19. The antenna of Claim 15, wherein said second
capacitive load has a generally cylindrical outer

25 vertical portion and a planar horizontal portion, said )
vertical portion annularly connects to a periphery of
said horizontal portion, and an inner surface of said

horizontal portion connects to said radiating element.



17. The antenna of C aim 16, further conprising a ground plane coupled to
.an outer conductor of said 20 -coaxial feed |line. 18. The antenna of Ckaim
14, whernpons/sssezl radi ating el ement is shaped as a rod. 19PCTHARYMOZIna of .
-Claim 15, wherein said second capacitive |oad has a generally cylindrical
outer b 25 vertical portion and a planar -hori zontal portion, said vertical
portion annularly connects to a periphery of said horizontal portion, and

an inner surfacege, of id haqrizontal. partion_connects o sai.d radiating
el ement . - 140 Z%Qeﬂ?éﬁéqﬂ%ngfpf%’d? ml%S, ®th §&14 rri%Et
capaci ti vecd93di Pdsed 10RQN alHak CYA i Nngehephl Pyt ecyldhidyGdalpordhedrand a

pl anar hori Zontal portion, said vertical portion annularly connects to a-
peri phery o#rbicadapemtdiay ARdl ap@iansy kReplizpntahepostdabe spidai d

hori zontal DAELLOR GUISRES AAnARa®l  coMiders @b i fesiPhlent Tl ted end

of said choke .
5 said horizontal portion, and an inner surface of said
horizontal portion connects to an outer surface of said

short-circuited end of said choke.

R



