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Abstract To study the resonant characteristics of eccentric circular and concentric circular-ellipti-

cal ring microstrip antennas,the method,which is connected with the concentric ring microstrip an-
tenna and based on the perturbation,is employed to calculate resonant wave numbers. Comparisons
of calculations with reference for the fundamental mode are also presented ,agreement is very good
for small eécentricity.
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0 Introduction

Microstrip antennas have been studied extensively because of their many advantages
over conventional antennast™ 2!, In this paper,the special ring microstrip antennas shown in
Fig. 1a and Fig. 1b are analyzed for resonant wave numbers. Obviously,it is difficult to obtain
pure analytical solution to these problems due to complicated boundary shape. In fact, the

shape shown in Fig. la and Fig. 1b can be considered as the perturbation of the well-known
annular microstrip antenna with radius R; and R; as shown in Fig. 1c. Hence ,a special analyti-
cal shape perturbation method, originally developed in connection with eccentric spherical
cavities by Kanellopoulos and Fikioris', and then developed for metallic waveguides and
electromagnetic wave scattering from an infinite cylinders by J. A. Roumeliotis et al®*,is
employed to obtain the resonant wave numbers of eccentric circular and concentric circular-
elliptical ring microstrip antennas. Using appropriate translational addition theorem for circu-
lar cylindrical wave functions,we are able to reduce problem to an infinite determinant equa-
tion for the resonant wave numbers. When eccentricity is small,it is not difficult to obtain the
resonant wave numbers. Results for the fundamental mode TM,, are compared with those

measured with the resonant wave method™ and calculated with the points matching
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(a) eccentric circular (b) concentric-elliptical (c) concentric
1

Fig.1 Geometry of ring microstrip antenna

method™?,the agreements are very good for small eccentricity. In addition,concentric circu-

lar-elliptical ring microstrip antenna is also partially analyzed by similar method.

1 Theory

The configuration of the eccentric circular ring microstrip antenna analyzed in this paper
is shown in Fig. la,¢, is the relative permittivity of the substrate,and its thickness 4 is as-

sumed to be very small compared with wavelength A. Assuming e™ time variation, electric

field E. due to current source must satisfy the following equations™?!;
(Vit+ BDE. =— jou ., @D
aalf: = 0 on the magnetic wall, , 2

where w is the angular frequency. The above problem can be solved using Green’s function

G (s,5,) sthe solution for E, then becomes

E, :J G(s5,50)J (5,5,)ds. . (3
The Green’s function is expressed as .
. Bun () Bom (50) '
G(S,So) = JwﬂhZ ——k—ﬁ;—_—kzo*, 4

where ¢... and £, are eigenfunctions and eigenvalues for the n,m mode of the patch,respec-
tively,s, stands for source point s,(r,,8,) ,s stands for field point s(r, ) yk2=K'e,,K, being
free space wave number,$,, must satisfy the following wave equation and boundary condition

. {a¢""‘} = 0 on the magnetic wall C.
. on A=Ryry=R,

The following expressions can be used to expand eigenfunctions
bom = 2 (Jillnr) = NiCout D} (bR )/ N (BnR0g)) (Aicosify + Bisini6y) 1 =Ry,

=0

where 7, and r, are distances from field point to the inner,outside circular center,respective-
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ly,and J, N are the cylindrical Bessel functions. Ry, R, are the effective radius of circular

due to fringing field""?,
1
2

7R,
ln%—l- 1.7726):] ,

Zh(

nR,E,

R, = 2R, — R1[1 +

Ry 2k (g R :
R, = Rz[l + ap | In G+ 1.7726 } gy
where R; and R, are the inner and outer circular geometry radius with an eccentricity 4. The

a¢nm ]

boundary condition { - } =0 leads to the following definition 1,
r2=Rzg

upi(xyrzy) = J4(zy) — N ()T () /N (2 s

where kamRg = X1y RumRyy = 5.

[2~4]

b (d) = Ry (0D (1 + Gum (ko (0)d)? + 24D, (6>

where £,,.(0) can be obtained from u,,(xisx3) =0,for d=0,x;=x}si=1,2. g, can be ob-

The resonant wave numbers are expressed in the form of perturbation

tained from the following expressions

_ [:ddm.(-l"?):l_l[d;ﬂ,ndﬁz.nﬂ + d::—lmdizyn—l}

== €,
” d‘rl dn+l,n " dn*l,ndn,nvl
n=1y2y'")m:1y29"' elm:Oy e,,,,,=1, n>19 (7)
— 0 .0 " 3 o .0 _ o .0 U — 1 .0 .0
where du‘—uu (1’“12), d11—~§u11 ('1'1’12)’ drm—unn(l'rvxz)y dn+1,n_—-§un+l,n(xl,x2)’

n==1 for odd TM modes. For even TM modes, a similar g,.can also be obtained. The even or
odd mode is referred to the E; component in TM modes.

Referring to concentric circular-elliptical ring microstrip antennas as shown in Fig. 1b,

R, = %cosh%, x, = tcoshy,, =z, =kR,, r = %sinh%,
a® = 4(R: — rb), %:tanh—l(’_l), ' zk_a,
1 R1 2
. . . . .. Of,. . .
eigenfunctions that satisfy the boundary condition n } =( can be written in the fol-
. . r,=R

lowing form:
$. = Z(Ji(.kmr) ~ Nkt I (B R2) /N (BomRy.)) (Aicosify, + Bsinif,), r<CR,. (8)

i=0
The concentric elliptical wave functions are used to expand above circular cylindrical ones

with the well-known formulas!?,

Z(kymr )08 210 = @ > [Bst,2m) /M, (£) ]Se, (¢ ,cos0) Ze,, ( ,coshy)
T m=0

Zis s Chuprcos (2 + 18 = YEUS By, (0 2m + 1D /My 0] -
' m=0
Semsi(t,c080)Zes, i (t,coshy),
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" ZiChar)sin2i6 = /8 > [ Byi(e,2m) /Miy (2] -

m=1
S0sm (tsc080)Zo0,, (t,coshy) =1,
_ N8m 0
..+1(km,,7')5111(21 + 1)0 "‘——ZEB .+1(t’2m + 1)/M2m+1(t):| *

» 502m+1 (t sC080) Z0ym 4, (¢,cosh)
in which 7,8 are the transverse elliptical cylindrical coordinates; Zy=aJx+bN.(x=1,0, and
en) are the general Bessel functions and the even and odd general radial Mathieu functions,
respectively ;Se and So are the even and odd angular Mathieu functions;Bf’°(t,m) are the ex-

pansion coefficients for the Mathieu functions,and M:°(¢) are their corresponding normaliza-

bum

tion constants;&,=0. 5 for i=0 and & =1 for ;==1. The boundary condition { o } =0 and
| 7=1,

the orthogonahty of the Se,So can yield linear homogeneous equations the expansmn coeffi-
cients A; and B, in (8) which are functions of the resonant wavenumber'®, For even TM

modes ,when t=0,x;=20,i=1,2,k,(0) can be obtained from u,,(z,23)=0

1 3
Coo = Zuoo(xg,x?), C’o’o = 7”00(12’1(1)) s O = un(l‘(l)’-rg) , o =— gun(x?,xg),
Crm = unn(x?7x(2’) 2 CZn - Zunn(x?!x(z)) * n 2 27
ro_ 0 .0 o 0 .0 ' — 1 0 .0 ~ .
Cho = upp(x],x3) s oy =— un(X7,23) 5 Chyprm =— ?unﬂ,u(xl’xz)’ n=0,1.

Therefore, p

8knm anm 0’ 4 -
g = g = — [ SmEZI0 CL k) mam = 0,1,20 ©®
nm 1 .
and for odd TM modes ,similar formu‘las can
be derived,but n=1,2,:--. Fig, 2 gives the el v
. 1.5 D g, ETM
results of some g,, for even TM and odd a o g, ETM
TM which are used to calculated resonant 'If 1.ofr _Z :" 8::
9 22
wave numbers by means of formula(6),but \E: 0.5} o
d is replaced by . = | -
, g
2 Theoretical -and Experimen- 0°[° ¢ 8 ® = =
: 0 2 4 6
tal Results for the Funda- . n
mental Mode : R;=3cm,R,=2cm,a=1lcm,h=0. 15cm,
tand=0. 0018, =2.5
The usefulness and accuracy of the Fig. 2 Curves g.» vs. n for concentric circular-
method presented in this paper are shown - elliptical ring microstrip antennas

through comparison of calculation with the experimental and calculated values from refer-
encel'? for the microstrip antenna shown in Fig. la ,the antenna is made of copper-clad

1. 5mm thick Telflon fiber glass with a dielectric constant 2. 5,and a loss tangent 0. 0018,
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Ry=2cm, R;/Ry=1.5cm, h=0.15cm,
tand=0. 0018, &.=2.5
Fig. 3 The comparisen of the calculation for

the fundamental mode TM;; with the

experiment and reference for eccen-

tric circular microstrip antenna

and is fed by a coaxial probe, whose input
impedance is 508, the diameter is 1mm. In
the experiment,the eccentricity is 0. 3,it is
found from Fig. 3 that the agreement be-
tween measurement and calculation is very
good. In addition, we compared calculations
with results from other method for various
eccentricities ,agreements are quite good for
small eccentricity while discrepancies be-
come noticeable as eccentricity increases. Re-

sults are shown in Fig. 3.

3 Conclusion

The special shape perturbation method
is employed to analyze the resonant numbers
of eccentric and concentric circular-elliptical

ring microstrip antenna,and the usefulness

and accuracy of the present method are verified from the fact that calculated values for the

fundamental mode are agreement well with ones measured and calculated from the reference.
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