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Introduction

The cavity niodel is a simple and cfficient analytical mecthod on the microstrip
autenna (MSA). In the cavity wodel the wall adwitbance ab the aperture has to be
deterniined in advance. The accuracy of the wall admittance influcnees the input
impedance and resonant frequency of antenna. Authors have proposed the formula-
tion method on the wall admittance of arbitrarily shaped MSA and applicd it to the
circular MSA [1], elliptical MSA[2] and rectangular MSA[3]. The wall admittance is
defined in terns of the magnetic ficld due to the equivalent magnetic current on the
aperture. The magnetic fleld is derived by using Green’s functions in the spectral
domain in order to consider the influence of diclectric substrate.

In this paper, the wall admittance of circular MSA with perturbation segments
is calculated by our proposed method and the antenna is analyzed by the cavity
model. Although the wall susceptance was formulated by the capacitance of fringe
field around the aperture in previous sbudies[1)[5], the susceptance given by our
method consists of capacitance and inductance, The numerical results are presented
which show that the susceptance of the primary mode in the ncighborhood of the
resonant frequency is inductive at the aperture of the perturbation segment and
capacitive at the aperture except the perturbation segient.

Theory

Fig. 1 shows the cirenlar MSA with perturbation segments and its coordinate
system. The dimensions of the two perturbation scgments ave by < 7 < ap; ¢ =
-1 ~ ¢y and ¢ = 7 — ¢y ~ 7w+ ¢y, respectively. The antenna is excited at (dy , ¢g)
by a coaxial feeder through the diclectric substrate. The relative diclectric constant
of substrate is ¢,..

The electromagnetic fields within and outside the cavity are denoted by EY, HY
E°, H¢, respectively. The thickness of the substrate is assumed to be relatively small
compared with the wavelength, so the electromagnetic fields within the cavity do not
vary along the z direction. The internal fields EY is expressed by the eigenfunctions
in the cylindrical coordinate system as follows.

In Region 1

E‘= i(E.E;{ + B "
n=I1

B2 = Audy(kir)cos(ng) . By = BuJu(kir)sin(ng) 2)
In Region 2

B = X\:(EJ + B+ BN + E\)z 3)
n=1
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B = C,J,(kyr) cos(ng) E“ D, N, (k1) cos(ng) (4)

cn
I

E‘,{ = E,J,(kir)sin(ng) , E5 = F,Np(kir)sin(ne) (5)
where Jy (ki) and Ny (kir) are Bessel and Neumann functions of order n, respec-
tively. {A,} - {#,.} are unknown coefficients to be determined from the continuity
conditions of the electromagnetic fields between the region 1 and 2 and the impedance
boundary condition at the aperture[6]. Since the radiations from the aperture 2 and
4, 6 and 8 are cancelled each other, the magnetic currents on these apertures don’t
contribute to the radiation field. Therefore, the impedance boundary condition is
applicd ag follows,

/ Z(u”Ei,,+u,,“Ef,? +ys B +yy N B+ HiMS =0, (6)
Si+S+95+5T )

The wall admittances <7, 5V, yi/ and y3" are defined by the magnetic fields
H, HY, H:Y and H2Y produced by the equivalent maguetic current Mg/ (= ES2),

ons ’vn : (‘: 7. én

\ i N v ! v
M (= E5Y). My (= ES)) and M3 (= E$fY) on the aperture, respectively.
e e sJ thi
,U«:J _ H‘J?H Uc';\-’ _ H(-""n ,Us.l _ H*f’“ ,l/a.-‘\" e (7)
Yn — T xgagtdn T T N T T gy dn T <N .
MfL MYCI. MI'I» M”I

The magnetic ficlds H¢ at any point on the aperture produced by the magnetic
current M (= Mig) ave expressed as the following equation[1]-[3],

He = —jw/ (ixGEX + iy GLX )M dS'
S1+93+95+97
1
+— (VG UV - M) dS' (8)
JW JS +853+85+97
where for the reagson mentioned above, the magunctic currents on the aperture 2, 4,
6 and 8 arc noglected. Green's functions GE¥X, GLX and Gy in the spatial domain
arc oblained by applying Lhe inverse Fourier Lranslorm to Green’s [unctions in the
spectral domain [1]-[3].

Results and Discussion
Fig. 2 shows the calculated wall admittances 457 and y-f of the pmudw mode
at the 10‘4011<mt frequency. In this paper, the discussions on z/l Voand y arc omitted
because yf* ¥ and 1/1\ have ‘rhe same characterigtics ag yl and 7/1[ The calculated
wall conductances !/1 and ¢j 7 are constant in the aperture 1 and 3, respectively.
Substituting eqn.(8) into eqn.(7). the wall susceptance b/ is expressed as follows,

: j
(r'J = C'-n - — 9
w = Jwln == I (9)
’ R'O{fﬁ'1+b"x+b'r +57 (igﬁ KA G}\:X + 'v ) i)'er)MﬁfJ dS,}
Cy, = — (10)
M
My
Ln = (11)

Re{ g, 45,4855, (fo - VGV ) (V- i MET) dS'}

b37 is given by replacing M7 in equs.(9)-(11) by M. Bqus.(9)-(11) indicate that
the wall susceptance is equivalent to LC parallel circuit and C and L correspond to
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vector and scalar potentials, respectively. As shown in Fig. 2, the wall susceptance
b§”7 is capacitive at the apertures 1 and 3. b}’ is inductive at the aperture 1 and
capacitive at the aperture 3.

Fig. 3 shows the frequency characteristics of 57 at ¢ = 0° and b5’ at ¢ = 90°,
which influence the clectromaguetic fields within the anteuna cavity. 9§/ and b}/
vary from inductive to capacitive as the frequency becornes higher.

Fig. 4 shows the frequency characteristics of calculated input impedances of
civcular MSA with perturbation segments. The resonant frequencies are 6.59GHz
and the minimurm axial ratio is 0.07dB at 6.554GHz.

Conclusion

The wall admittance of circular MSA with perturbation segments is evaluated
by using Green’s functions in the spectral domain. The wall susceptances can be
regarded as the LC parallel civcuit. In neighborhood of the resonant frequency, the
wall susceptance of the primary mode is inductive at the aperture of the perturbation
segient and is capacitive at the aperture except the perturbation segment.

The input impedances and axial ratios are calculated by the cavity model with
this wall admittances and the geometry of the patch to radiate cirenlar polarization
is determined. The comparison hetween the numerical and the measured oncs will
be reported at the Symposimn site.
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