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1. Introduction

A number of analytical methods on microstrip an-
tenna (MSA) have been developed. Among them,
the cavity model [1] and the integral equation
method [2] are often used. Although the cavity
model cannot calculate an arbitrarily shaped MSA,
the cavity model has the advantages of being sim-
pler than the integral equation method and provid-
ing physical insight. In the cavity model, the wall
admittance at the side apertures has to be deter-
mined in advance and its accuracy influences input
impedance and resonant frequency. The wall ad-
mittances have been investigated for MSA with a
patch of simple configuration [3]-[5].

The authors have proposed a formulation
method for the wall admittance of an arbitrarily
shaped MSA and calculated the circular MSA [6],
and the elliptical MSA with and without a circu-
lar slot [7]. In [7], the cavity model applicable to
the MSA with a patch whose geometry deviates
from a particular coordinate system has been also
proposed. The wall admittance in [6], [7] is de-
fined by the magnetic field produced by the equiv-
alent magnetic current on the aperture. The mag-
netic field is derived using Green’s functions ob-
tained by the spectral domain analysis so as to
The calculated
input impedances and axial ratio in [6], [7] agree

consider the dielectric substrate.

fairly well with the experimental data.

In this paper, the proposed method is extended
to the MSAs whose patch has the corners, where
the wall susceptance has the singularity. The cir-
cular and rectangular MSAs with the perturbation
segments, commonly used as a single-feed circu-

larly polarized MSA, are analyzed.

2. Theory
2.1 Circular MSA with perturbation
segments

Figure 1 shows the geometry and coordinate sys-
tem of the circular MSA with perturbation seg-
ments. The relative dielectric constant and thick-
ness of the substrate are &, and h, respectively.
The antenna is excited at r=dy, p=¢¢ by a coaxial
feeder through the dielectric substrate. The elec-
tromagnetic fields within and outside the cavity are
denoted by E¢, H? and E¢, H®, respectively.

The thickness of the substrate is assumed to be
much smaller than the wavelength, so the electro-
magnetic fields within the cavity do not vary along
the z direction. Applying the continuity conditions
of the electromagnetic fields between the regions 1
and 2, the electric field within the cavity E? is ex-
pressed in terms of the eigenfunctions in the cylin-
drical coordinate system (r, ¢, z) as,

In Region 1
N
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Figure 1: Geometry of circular MSA with perturba-
tion segments

B3 = D, J, (ki) sin(ng) (7)
) [
E;]y = %Jn(k’ldo) Sin(mj)o)
X Ny (k17) sin(ng), (8)

where k1 = w\/fo€1 = w\/I0Er€o- On is zero for

n > 0 and is equal to 1 for n = 0. J,(kir) and
N, (kir) are Bessel and Neumann functions of or-
der n, respectively. I is the total current at the
feed point. {A,} — {D,} are unknown coefficients.

The unknown coefficients are determined from

the impedance boundary condition at the aperture;

N
S B+ yiNEN +uy B + gV ESY)
n=0

+H{ =0. 9)

t expresses the tangential component along the
aperture. The magnetic field within the cavity

H? is obtained by Eqs.(1)-(8) and Maxwell’s equa-

cJ

n nyN, y;i'] and nyN are the wall admit-

tions. y
tances of order n at the aperture and are defined
by the magnetic fields produced by the equivalent
magnetic currents at the aperture. The magnetic
fields are derived using Green’s functions obtained
by the spectral domain analysis [6], [7]. The super-
scripts ¢J, ¢N, sJ and sN in y, mean the wall ad-
mittances corresponding to the electric fields ES/

zn?
EN Es) and EN, respectively.
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Figure 2: Geometry of rectangular MSA with pertur-
bation segments

2.2 Rectangular MSA with perturbation
segments

Figure 2 shows the geometry and coordinate sys-
tem of the rectangular MSA with perturbation seg-
ments. The antenna is fed at =Wy, y=Ly by a
coaxial feeder through the dielectric substrate.

In this paper, TM;9 and TMjy; modes, the pri-
mary modes of the rectangular MSA, are analyzed.
In order to account for fringe fields, the effective
length of the patch is assumed as W; +d,, L1 + 6y,
where d, and J, are the edge extension.

Applying the boundary conditions between re-
gions 1, 2, 3 and 4, the electric fields within the
cavity are summarized as the following equations.

E? = (Efy, + Bl + By + E2yp)i: (10)
Ey1 = Aoy sin(ky1y) (11)
( 8(%5%;)?%1 sin(ky1 Lo) cos(ky1y)
:in Regions 1 and 3
Bl =1 _—jiw ” : (12)
01 Wiﬁ%m% cos(ky1 Lo) sin(ky1y)
L :in Regions 2 and 4
E% g = Ajosin(kzz) (13)
' 8(L]1]—(f)—§5)0k21 sin(ka1 Wo) cos(ke12)
:in Regions 1 and 2
Elo=8 itwns . 14
10 S(leliéy)ok“ cos(k,1Wo) sin(k,1x) (14)
L :in Regions 3 and 4.

Ap1 and Aqg are the unknown coefficients. k,; and
k,1 are expressed as

™ ™

k= ——— k= ———. (15
YT (W 4 4,) (L +6y) (15)

On the other hand, k1 and k,; satisfy the follow-
ing equation.
ket =ky1 =k (16)

Substituting Eq.(16) into Egs.(15), é, and d, are
determined.

The unknown coefficients Ag; and Ao are deter-
mined from the impedance boundary conditions at



the aperture;

o1 E2o1 + y61 B0y + Hiyy = 0: TMo; mode (17)
YioEY0 + ylo B + Hitg = 0 : TMjo mode. (18)

y2,. and yb = are the wall admittances of the
TM,,,, mode at the aperture, respectively. The
superscripts a and b in Y., mean the wall ad-

a
zmn

mittances corresponding to the electric fields £
and E®

zmn?

respectively.

3. Results and Discussion

Figures 3 show the wall admittances g’ + jb§’
and g7 + jbj’ of the first mode on the circular
MSA with perturbation segments. Although the
wall conductances are constant along the circum-
ference, the wall susceptances have the singularity
at the corner of the perturbation segment ¢ = ¢
due to the discontinuity of the derivative of the
equivalent magnetic current at the corner. As in
Fig. 4, the configuration of the antenna patch is
approximated by the continuously smooth one that
the derivative of the equivalent magnetic current
on the aperture varies continuously. In Fig. 3(b),
the approximate wall susceptances b’ is shown.
The singularity of the wall susceptance at corner
of the patch vanishes.

Figure 5 shows the calculated and measured in-
put impedances of the circular MSA with the per-
turbation segments. The relative error of the mea-
sured resonant frequency to the calculated one
is 3.6%. The calculated minimum axial ratio is
0.84dB at 6.51GHz and the measured value is
0.71dB at 6.30GHz.

Figures 6 show the wall admittances gf, + 7b%,
and g¢§; + jb3; on the rectangular MSA with the
perturbation segments. In both TM;g and TMg;
modes, the differences of the wall conductances be-
tween the radiating aperture and the non radiat-
ing aperture are observed. The wall susceptances
of the rectangular MSA with the perturbation seg-
ments have also the small singularity at the cor-
ners due to the discontinuity of the derivative of
the equivalent magnetic current at the corners.

Figure 7 shows the calculated and measured in-
put impedances of the rectangular MSA with the
perturbation segments. The calculated resonant
frequency and minimum axial ratio agree well with
the measured ones
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Figure 3: Wall admittances of first mode of cir-
cular MSA with perturbation segments (ap=9.0mm,
bo=8.21lmm, ¢1=7°, h=0.764mm, e,=2.15, fre-
quency=6.5GHz)

4. Conclusion

The wall admittance of the circular and rectan-
gular MSA with perturbation segments are calcu-
lated. The wall admittance is defined by the mag-
netic field produced by the equivalent magnetic
current at the aperture. The magnetic field has
been derived using Green’s functions obtained by
the spectral domain analysis.

The input impedance and axial ratio calculated
by the cavity model with this wall admittance
agree well with the measured data. The proposed
method is valid for the MSAs whose patch has the
corners.

Acknowledgment

The authors would like to thank Research Asso-
ciate E. Nishiyama of Saga University for his valu-
able advice on the measurement of MSA.



original

approximate
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Figure 5: Input impedance of circular MSA

with perturbation segments (a9=9.02mm, by=8.07mm,
$1=6.8°, dp=6.0mm, h=0.764mm, €,=2.15, tan d=
0.001)
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Figure 6: Wall admittances of rectangular MSA with
perturbation segments (W1=7.46mm, L;=7.30mm,
Wp=3.73mm, Lo=3.65mm, h=0.764mm, &,=2.15, fre-
quency=6.7GHz)
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Figure 7: Input impedance of rectangular MSA with
perturbation segments (W;=7.46mm, L;=7.30mm,
Wo=3.73mm, L¢=3.65mm, h=0.764mm, &,=2.15,
tan §=0.001)



