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Introduction
The cavity 1110dcl is a sirnplc and efficient alutlytical lncthod on the rnicrostl'ip

allt~elllHL (MSA). In the eavitiY Illodel the wall a(lIuititallee nJ, LIte apeltUl'C haR to be
dctcITn.incd in advance. Thc accuraey of the wall adrrli ttance influences the input
inlpedanee and resonant frequency of antenna. Authors have proposed the forlllula
tion rnethod on the wall adrnittanec of arbitrarily shaped MSA and applied it to the
circular MSA [1]~ elliptical MSA[2] and rectangular MSA[3]. The wall ad!llittallce if;
defined in terlllS of the lnagnetic field duu to the equivalent nlagneti~ eUrl't~llt on the
aperture. The lllagnetic field iH derived by using Green~H fll1l<~ti()ns ill the Hpeetral
donutin in order to consider the influence of cliclectric 8ub~trate.

In tills paper ~ the ,vall adnlittanee of eircular MSA with perturbation HegnlelltH
iR ea.lGlllated by our proposed 111ethod and the antenna is analyzed by the eavity
1l1odeL Although the wall HllHceptallce waH fOl'1l1Ulated by the (~apacitallce of frhlge
field around the aperture in previouB stlldies[/1][5], the Rnseeptallco givoIl.by our
method eOllHiHtH of eapacitan(~e and indlletanee. Tbe lltllllerieal resultH are preHellted
wllieh show that. tho SllBccptanGo of the pl'ilnary Inodo in the neighborhood of the
reHonant frequency iH inductive at the aperture of tbe perturhation Hegnlent and
capacit.ive at t.he aperture except the perturhation 8f~glnellt..

Theory
Fig. 1 RhoW8 thr. eir(~lllar MSA wit.h pcrt.llrh~,tion 80,gUH:IltR and it.R eoorcliIln.te

systelll. The di1l1Cll8ions of thc two perturbation scglllcnts Ul·C bo ~ r ~ ao; cjJ ==
-(po, rv 4)°' and 4) = 7f - (/)'1 rv 1r+ (P'I~ reHpeetively. The antenna iH excited at (do ~ cPo)
by a coaxial fecder through the dielcctric subf3trate. Thc relative diclec.:tric GOnf3tallt
of HubHtrate iH C,...

The electroIllCLgnetic fields withill and outside the cavity CLre denoted by Ed~ H d ;

E t
:, Ht' ~ reHpeetively. The thickneHs of the Hubstrate iH HSHlu11ed to be relatively H1l1all

cOlllpared with the wavelel1gth~ BO the electrolllagnetic fields within the cavity do not
vary along the z direction. The internal fieldH Eel iH expreHHed by the eigenftll1et,ionH
in the ~y1indrical coordinate syBteIll as follows~

In n,egion 1
iV

Ed == ~. (E~,J + E~,J)i _ (1)L .vn .:.-11·"

11=="

E~~o~ == An I n(k"i ".) eos ('ftcl)) (2)

In Rcgion 2
]V

Ed = ~ (E(~J + E,sJ + Er..:V + EsN)i
L··;;n ;;'{I zn zn.z

71.==1
(3)
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E~~./, == C:n.J.n(kl'r) e08(1'I,1;)

E.;,~ = E'/'l.,Jrt (kI1') Hin(lUp)

E,~~~! == DnNn (kl'r) eos(n¢)

E~,;'; = Fn Nn (kIT) Hin(n(p)

(4)

(5)

where ,fn (kl T) and Nn (kIT) are Be:;sel and Neunu\,nn functions of order r~~ l'cspee
tively. {An} - {.t~n} are unknown coefficient.H to be deternlined frOl11 the eontinuity
condit.ions of the electrolnagnetic fields between the region 1 and 2 and the inlpedance
boundary eonditio11 at the apertllre[6]. Since the radiations fl'Onl the apert.ure 2 and
4~ 6 and 8 are eancelled each other~ the Inaglletic eurrentf; on these apertures don~t

eont.ribute t.o the radiation field. Therefore~ t.he inlpedanee boundary eonditioll iH
applied a.~ follows~

(6)

The wall adIl1ittance8 y;~J ~ y~~.N ~ y;;J and y.~;N are defined by the nlagnetic :field~

H~J H(~N H·~J UllC! H,~jV I)I·oclllC·CC! by thl) e<'llliv~ lel~t. In~ v'netic current Me.} (== E~J·).qm, ~ /lm. ~ 11m. - qJ'T1' .', '. . \ ' 0,0 (\/(') , n \ ~ n '

M~lV (=' E.~~;!)~ Mr~,J (= E;,~) and M1~·N (= E.~;;) 011 the aperture~ rcspectively.

H·"N,jl'fj.

-M....V,l.V
'fI

(7)

(8)

(9)

(10)

(11)

The rnagnctie fields He at any point on the aperture produced by t.he rnagnetie
current 1\4(== Miql ) are expressed a~ the following cquatioll[1]-[3]~

H e . r (. G'1./YX • Cyx)M lS'
. = -.JW I"" I I ,,-ZX T F + tv F L

. 51 +.Sa+S;;+57

1 j'+-:- (\lG v·)(\7' . IvI) dS'
JW .'it +8;1+80 +S';

where for the reason rnent.ioncd above~ the Inagnct.ic ClUTents on the aperture 2~ 4~

G and 8 are neglected. (~rcr.n~s funct.ions GJx, C;r·x and Gv in the spa.t.ia] doulain
arc obLaillcd by applying lohc invcrsc Fourier l,rallsfornl Lo Green~s functions in the
Hpe(~tral dOlllain [1]- [3].

Results alld Discussioll
Fig. 2 HhowH the ealeulated wall achnittanceH 1/i~.1 and 1Jf.1 of the priIllary lllode

at. the rcsonant frequency. III this papcr~ the discussioIlf:i ollllfN and yfN arc OIllittcd
beeauHe 1I1/'l and 1Jl iv have the Hi-Ulle eharaetel'iHtieH CLH 1/1" and 11'1.1. The ealelliated
wall condlletances glJ a.nd 91 J are constant in the aperture 1 and 3, respcetivcly.

Sl1bHt.ituting eqn. (8) int.o eqn. (7) ~ the wall HUHceptanee b~~.1 iH expreHHed HS followH~

{ r;J . c/ j
)n =.JW -'n, ---

wLn

n {r (. . G/·\" X . • C Y x)M(:.] is'}, ,0 c..' + L', +(., + L' ~d)' ~.Y T J-' + "'6 . '" V A J-' ,() CC/ - ..71 ',',I ~'!i liT . . .
n - Me.}

n,

M C .}

L - 11

n - R.e{.r91+S;I+'~'fi+S7 (i4>· \7C;,.· )(\7' . ic/)M.{i.J) dB'} ·

b:;,.] is givell by rcplneing Ml~;'.] in cq1l8.(9)-(11) by M;;J. Eqns.(9)-(11) indicate that
the wall HUHeeptance iH equivalent to LC parallel eireuit and C and L (;orreHT)()nd t.o
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vector and Realal' potentialR~ l'cspcetivcly. As RhoWIl in Fig. 2~ the wall 8usceptanee
by.! iH eapaeitiv8 at the apertllreH 1 and 3. br' is indlletive at the apertl1re 1 and
caprt,citive at. t.he rt,p(:rtul'e 3.

Fig. 3 showR the frequency eharacteriRtics of lJl~.T at (p = 0° and hI.! at cP = 90° ~

wltieh influcnce the clectrol1Utgnet.ie fields within the antenna eavity. byJ aJ.ld b1.J

vary frorn indlletive to capaeitive as the fi'equency becornes higher.
Fig. 4 shows thc frequency characteristics of calculatcd input impedances of

circular MSA with perturbation seglllents. The resonant frequencies are 6.59GH"
and the Ininirnnrn axial ratio is O.07dB at 6.554GH7..

Conclusion
The wall adll1ittanee of circular MSA with perturbation Hegll1ents iH evaluated

by using Green's funct.ions in the f)peetral dOllU-l.in. The wall sUf)Cept<Ulces can be
regarded a~ the LC parallel circuit. In neighborhood of the reHonant frequency, the
wall susceptance of the prinlary 1l1ode h~ inductive at the aperture of the perturba.tion
RegnH~Ilt and is capacitive at the aperture exeept the perturbation segu1ent/.

The input inlpedaneeH and axial ratios are e:-tlenla,t,ed by the eavity lllodel with
thiR wall adulittanc8s and t.he geoluetry of the pat.ch t,O radiate cirelllar polarization
is dcterIIlincd. The cOll1parison between the nUllll:rical and the Illcasured ones will
be reported n,t, the SYInpoAiuHl Rite.
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Fig. 1 Cireular MSA with pert.urbation
segruent.s

Fig. 2 Cale1l1ated wall amnitt.allceH
dist.ribution at. apertures
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Fig. 3 Frequency characteristics of
enJ(~ulated wall snseeptanccs

Fig. 4 Frequency eharact.cristics of
ealelllatcd input inlpcdanc(~

ao==D.Olurn, 00==6. 7rnnl~ h==O. 7G4nlnl~
cr=2.15~ 1)1 =4°

ao==9 .OnlIn~ ll()==G. 7Il1IIl, h==O.7G4mln~
c'f=2.15~ q)1 =40 ~ do=6.0Ill111, 1)0=45° ~

N==5
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