
AIlalysis of Rotatiollally Symmetrical AIltellna with Wider BealTIwidth

Dah~uke YAGYUx. Ka~11111aHa TANAKA~ Takafllllli FUJIMC)TC)
and Mitsuo TAGUCHI

Faculty of Engineering I NagaHaki Univen~ity

1-14 Bunkyo-llUtchi: Naga~aki-tdlL 852-8131~ .Japan

1.Introductioll

The Inicrostrip antculla(MSA) is widely used for sll1all-sb~ed tCl'Iuinal of rl10bile
eOlIln11Ulication sYRtenl~ c:tR it if; thin and light-weighted c:tnd it has larger gain as
cOlupared with wirc antennas. In SaIne applications sueh as Global positioning
syRteul or IridiuIl1 sc:ttellite cOlnlllunicc:tt.ion syRtenl whieh use a gTOUp of low-c:tltitude
orbiting HateniteH~ the wider beanlwidth iH deHired for the alltel111a lllounted on a
teTnlinal. In order to widen beaIIlwidth of MSA~ the conforlIlal MSA on a, cylindrical
eondll(~tor[l] or a Hpherieal body[2] were propoHed and analyzed. The allthon~ haH
propo~cd an oblatc t;pheroidal antenlla(()SA) ill ordcr to widcll it~ bcaUlwidth alld
has shown the analytical Illcthod[3]. In this papcr, t.his antcnna is TIluncrieally and
expcrinlcntally analY1Jcd. ()SA tOllsiBts a linearly polari1Jcd circular patth MSA alld
npper and lower oblate spheroidal conductors. The substrate of MSA is truncated
at the edge of patch. In the llurnerical ana,lyRis. the eleetronlagllet.ic fiehiR witllin the
antenna eavity are expanded by the lll()dal funetionH and their unknown expanHioll
coefficients are deterrnilled by the eleetrie ftnd rnagnetic field integral equations on
the antenna Hurfaee.

2.Formulatioll

Fig. 1 HhowH the analytical lllodel and itH eoordinate HyHtenl. The cylindrical
coordinate SystClll (p~ 4)~ z) is lv;cd within thc MSA~ and thc oblate sphcroidal coordi
nate HyHtelll (n~ '0 ~ ¢) on the outer Hurface of conductor. The radiuH of patch iH a and
the hcight of tonductor is c. Thc cross ~cetioll of obla.te spheroidal tonductor is the
sal11C as the patch. The antcnna is cxcit.ed betwecn the upper and lower couductors
at the feed point p = b, 4J = O. The thiekness aud the dieleetrie constant of <tieleetrie
substrate arc D and t'l == CrtO, respect.ively. to and Ito arc the diclect.ric c:or1~tant

and the perrneahili t.y in free space, respeetively. Sa a.nd Se denote the aperture of
HubHtrate and the eondlletor Hllrfaee! reHpe(~tively.

Thc thickncss of substrate it; assluncd to bc 111ueh srunllcr than thc wavelcngth.
Then the eleetroIllagnetic fieldH witllin the HubHtrate do not vary with the per
pcndicular direction to t.hc patch~ and can be 0 bta.incd by thc ca.vity lllodel. By
applying the equivalence principle to this antenna. t.he auxiliary problellls in t.he
internal and external regiollR of antenna are obtained[4]. Within the Rubstra,te~ the
elcctroluagnctic fields arc cxpanded by t.he Illodal functions. The equivalent electric
and Inagnetie currents Ja. and M 011 Sa are equal to the tangential cOluponent. of
lllagnetic and eleetrie fieldH within the HubHtrate~ reHpeet.ively;
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.In and Nn are nessel and Nelllllann funetions of order n and the priule denotes the
d.cl'ivative witll rc~pc~t to t.he ctl'gU1l1ent. 10 i~ thc tot.al currcnt at the feed point.
b-n is defined as h17 == 1 for In == 0 and 8n == 0 for 'n =1= o.

The eleetrie enrrent J(: on Sf: iH aHHUllled aH folloWH~
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L L A rtln• eOH (rnv) eOH (nlcp) i'l: + L L C'rnn eOH (Tn'll) Hill (r-up) i(f;
'm=O n==O ,11=0 n='1
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L L Annl cos ('fn'U) cos ('(te/») i v - L L. C:rn11 cos (rnv) sin ('nq» i<;.~
'l'Tt=O'l'/.=O rn=On=l

;'U:s;o

(4)

(3)

whcrc~ {Bn} ~ {AnH~.} ~ {C1Hn } are unknown eocffieientr-; t.o be detcrnlilled frol11 the
integral equations on the antenna surface.

In the external region of antenna~ t.he elcctrolllagnctic ficldr-; arc exprc~sed in
tCl'rl1S of the equivalent electric and rnagnetic ClUTents J(J and M on Sa and the
electric current J e on Se.

The lllaglletie field integral equation iH forUlulated frcHn the continuity eondition
on the tangential cOlnponent of lllagnetic field on So.;

'l,:;' [~n x 1. {-}Wf,Ol\4'l/J + J a x \1"~) - -._1_ (\7(2)' , M) \l''I/;} liS'
27r .T8(1 .JwJ.to

+2~ n x .L (J" x \7'"ljJ) (lS']

jk l ~{' .JWJ.I{}10 ')} ( )-- L Bn.T" (kiP) + 2(" .T" (klb) N" (kiP cos 'n¢
WI/{) n=O 1 + hn )

where~ \7(2)'. denoteH the Hurface diverp;ence. n iH the unit vector norlnal to the
antenna ~urfaee. 4) is Green's function. The electrie field integral equation is derived
frorIl the boundary condition t.hat the tangent.ial conlponent of electric field vanishes
011 Se:

(5)

1
-n x
2w [j ", {-.iwJ.toJa'l/J - M x \7'"1/; - ~ (\7(2)' . Ja) \7"if;} dS'

So JWfo

+ 1, {-jW/LOJc:7/1 - ~ (\7(2)' , J c ) \7'"ljJ} d8'] = 0.Ts c .7 Wfo

The equivalent elcetric and rnagnetie currents on Sa. and the electrie Gurrent on
Sc are calculat.ed by applying Galerkiu's Illethod to these integral equations. The
inlHlt irnpedanco is defined as a half of the voltage aJ, fend point dividnd by the totaJ
eurrent ae(~ordillg to the definition of input. inlpedance in t.he llleaHurenlent.

3.Results alld Discussion

FIg. 2 shows Lhe calculaLed and lllcasured 11lpuL iUlpcdanccs of ()SA. The radius
of p::tt(~h (J, if-> It1IllIn~ and the feed point iR loeat.ed at ,) == lO.Onnn. Thr. t.hiekneRf-> D and
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the relative dielectl'ie eonstant f. r of subst.rate is 1.528rnrn and 2.15, respectively. In
the nUIIlcrical calculat.ion~ the ratio of height t.o radius of oblate spheroidal conduct.or
is ehosell as cia == 0.05 and 0.95. The nurnbcr of expansion rnode is ehoscn as
M = N = 3. In the 11leaHurelllent, the eireular pateh MSA with the HuhHtrate
truncated at the edge of patch is used. This antenn<:t is lllounted on the ground
plane of 14clllX 14<;111 and coaxially fed fr01l1 thiH plane. R.elatively good agreenlent iH
observed for bet.ween the calculated(cja = 0.05) and t.he llleasured(c/a ~ 0) results.

Fig. 3 shows the calculated radiation patterns of ()SA in E- and H-planes. In
E-plane~ the bearnwidth becollles wider as the height of oblate spheroidal eonductor
bceornes highcr. The vertieal cornponent of ClUTent on Sl.~ beeolnes larger as the
height of oblate spheroidal conductor beeoIIlos higher. Therefore~ the intonsity of
radiation field at the low angle of elevation in E-plane beeoll1eH larger. In H-plalle~

howcvcr~ little difference is found on radiation patterns with c/ (J, == 0.05 and 0.95.

4.COl1.clusion

The cil'eular pateh MSA inscrted in the center of 0 blat.e spheroidal condlletOl' has
been lluluerieally and experitnentally analy~ed. The electrolllagnetic fieldH witlun
the MSA are expressed as the SUlll1l1ation of 1l1odal functionB in the cylindrical eoor
dinate SYStCIIl. Their unknown coeffieients and the equivalent clectric and IIlagnctic
currents on antenna surface are deterluined by the 1l1agnetic field integral equation
on the aperture of substrate and the electric field integral equation on the COIl

dueto!' surface. This antcnna has wider hcarnwidth in E-planc as cornpared with
circular patch MSA. Also~ the bandwidtll becolllcs wider and the resonant frequcney
beeornes lower a,g the height of oblate sphoroidal conduct.or beeorncs higher.
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Fig. 1: Analyt.ical tllodel
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Fig. 3: Radiation patterns
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