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Determination of Surface Currents on Circular Microstrip Antennas
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Abstract

This work aims to present a theoretical analysis of the electric and magnetic surface current densities of a circular

microstrip antenna (CMSA) as a body of revolution.

The rigorous analysis of these problems begins with the application of the equivalence principle, which introduces
an unknown electric current density on the conducting surface and both unknown equivalent electric and magnetic
surface current densities on the dielectric surface. These current densities satisfy the integral equations (IEs) obtained
by canceling the tangential components of the electric field on the conducting surface and enforcing the continuity
of the tangential components of the fields across the dielectric surface. The formulation of the radiation problems is
based on the combined field integral equation. This formulation is coupled with the method of moments (MoMs) as

a numerical solution for this equation.

The numerical results of the electric and magnetic surface current densities on the outside boundary of a CMSA
excited by 7M;~ and TM,~ modes are presented. The radiation pattern is calculated numerically in the two principle
planes for a CMSA and gives a good results compared with measured results published by other research workers.
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I . Introduction

A microstrip antenna (MSA) consists of a very thin
metallic strip (patch) placed on a small fraction of a wa-
velength above a ground plane and separated from the
ground plane by a dielectric sheet. The radiating ele-
ments and the feed line are usually photoetched on the
dielectric substrate. The radiating patch may be square,
rectangular, circular, or any other geometry. These patch
shapes are the most common because of their ease of
analysis and fabrication. The feed line is often a con-
ducting strip, usually of a smaller width; however, co-
axial line feeds, where the inner conductor is attached to
the radiating patch, are also widely used [1].

The radiation of patch antennas is efficient only when
the excitation is made at the resonant frequency of a
mode. The field is usually dominated by that single mo-
de in the frequency range of interest [2].

For a mobile communications system, the technique
of printed antennas seems to have numerous advantages.
Therefore, printed antennas have gained more and more
importance in the field of antenna design. This led us to

the decision to implement a microstrip antenna [3].

Most analyses of MSA characteristics assume a flat,
perfectly conducting ground plane of infinity area. How-
ever, in practice, the ground plane may not be flat or
perfectly conducting; it certainly does not have an in-
finite extent. The size and shape of a small ground pla-
ne can have significant effects on the electrical charac-
teristics of the antenna, such as radiation pattern.

Among the various shapes of MSAs, the circular
patches are the ones that have been more extensively
studied. However, in some applications such as arrays,
circular geometries offer certain advantages over other
configurations. Recent experiment results have shown
that circular disk microstrip elements may be easily mo-
dified to produce a range of impedances, radiation pat-
terns, and frequencies of operation [1].

The general formulation starts with the application of
the concept of equivalence principle and the provision
of 1Es for field distribution on the surfaces of the con-
ductors and dielectric substrate. This introduces an un-
known electric surface current density on the conducting
surfaces and unknown equivalent electric and magnetic
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surface current densities on the dielectric surface. These
currents, with the impressed current in the dielectric re-
gion, are the sources of the electric and magnetic fields
in the presented regions. The formulation is exact and
satisfies all boundary conditions. The boundary condi-
tions are applied on the various surfaces of the MSA.

The IEs are solved numerically using the MoMs [4].
Numerical results for the surface magnetic and electric
current densities are presented for both finite [S] and in-
finite ground planes [1]. The usefulness of the method
for solving the problem of a CMSA is discussed.

I . Formulation of a CMSA Problem

The EM problem involving MSAs deals with the de-
termination of the field components in the presence of
conductors and dielectrics. Thus, the boundary condi-
tions to be satisfied are of mixed type. This requires the
vanishing of the tangential electric field components in
the conductors and the continuity of the tangential elec-
tric and magnetic components in the dielectrics. An ex-
act analytical solution cannot be found to satisfy all boun-
dary conditions because practical geometries are finite in
size. Therefore, a numerical solution must be utilized.
For homogeneous dielectrics, a convenient formulation
can be developed in terms of the tangential field compo-
nents on the boundary surfaces. The resulting IE inclu-
des all boundary conditions. Thus, the formulation of
the problem is in terms of the surface integral equations,
which are exact. Consequently, the accuracy of the sol-
ution depends on the nature of the numerical technique
selected to solve them and used to determine the un-
known surface distributions.

The CMSA can be considered a structure through which
power is coupled to an exterior region (free space) via
an aperture formed by the dielectric surface, as shown
in Fig. 1, where a homogeneous dielectric material is
sandwiched between two conducting layers. The sources
of the EM excitation are provided by the impressed

4 E° H®

g \ /Pn g, 1, -

=d 7T ., A . .
E¢.H* o Dielectric
&4, 1y . subgstrate
J -
<« S —s "
r Ground plane X

Fig. 1. Geometric of a circular microstrip antenna.

electric current J“in the dielectric region.

In this analysis, two regions are defined to represent
the CMSA radiation in free space. First, a finite region
of space of volume v is filled with a homogeneous
material of permeability 1, and permittivity &; with an
impressed electric current source of density J“. Second,
an infinite region of volume V¢ is filled with a homoge-
nous material of permeability . and permittivity &..
The subscripts and superscripts d and e refer to dielec-
tric and empty, respectively.

The surfaces Sc. and S.s are the boundaries to the
conducting regions. Neither S, nor S.; is a single sur-
face, but they are two separated surfaces below and
above the dielectric. S is the dielectric surface on
which the regions ¥ and V¢ are coupled. The EM field
in 7 is denoted by £, 7 'and that in ¥° by E‘and
H°. In the present work, all these surfaces are assumed
to be rotationally symmetric to represent bodies of revo-
lutions (BoRs).

To obtain the solution for the electric and magnetic
fields in both regions mentioned above, the equivalence
principle is used to acquire the auxiliary problems sh-
own in Figs. 2 and 3. In this principle, the CMSA is
divided into two equivalent regions V° and Ve

The boundary conditions to be satisfied are:-

See \ ‘]ce

Sﬁg Patch

£, Dielectric -

Zero field substrate

Fig. 2. Equivalent for region V*.

&yl
Z Zero field

Dielectric 7
f Fid substrate [~ de

Fig. 3. Equivalent for region V.
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AXE*=0 , on Se (1a)
AXE*=0 , on Se (1b)
AxEY=pxE°* , on Se (1c)
AxH? =hixH® , on Sz (1d)

and the surface equivalent currents are:-

Jee =hAxH¢ , on Se (2a)
Jea =ixH? , On Se (2b)
Jdg—an" , on Sg (2¢)
M =—hxE° , on Sge (2d)

The following set of equations, which is the mathe-
matical representation of the equivalence regions, is suf-

ficient to determine J., Ju, J«, and M [6]:-

AXE (T, +J,, M) = OJ on S and S, (3a)
( n M in Fig. 2 (3b)

AXE (= oy = gor=M) + i E“(J ", O)ZOJ (c)

AxH(=J g =JgemM)+ix H'(J,0)=0] (3q)
just outside
Sea and Sge
in Fig. 3

where E°(J,M) and H'(J,M) are the electric and
magnetic fields due to the equivalent electric and mag-
netic currents J and M radiating in the homogeneous
medium characterized by ¢, and ¢, everywhere, re-
spectively. The superscript (a) represents (e) or (d),
whereas E°(J“,0) and H‘(J"“,0) are the excitation
electric and magnetic fields, respectively, caused by the
impressed electric current density J

One set of equations that can be identified from Egs.
(3) is given by:-

, on Se (4a)

wM)=Eg(J) | on Su (4b)
Eg(J., +j M)+ Eg (Joy+J g, M)=Eg (J)

(4cﬂ

(T + T, M)+ H’

(s +J e M) = Hif (J™)

, on Sg

(4d)

The subscript (tan) denotes the tangential components

of the fields on the surface in the equation. These boun-

dary conditions, Eq. (4), are sufficient to determine the
fields £,E°,H", and H°.

Egs. (4) represents the IEs for these currents. These

tan tan

262

IEs can be generated using appropriate vector potentials
in terms of which the field vectors are given by Ref. [7]:-

“(J,M) =—ij“(J)—VcD“(J)—givXF“(M) )

H* (T, M) = —joF (M) -V (M) + =V x 2°(J)
H, (6)

|

where Za(j) and F'(M) are the magnetic and electric
vector potentials, respectively, given by-

A“T)=p, jJ(r) G*(7,7') ds’
(7
F'(M)=¢ jM(r) G*(7,7") ds'

(®)

While, ®“(J) and v“(M) are the electric and mag-
netic scalar potential, respectively, given by :-

o (J)——ja(J) G“(F,7'") ds'

©)
‘M)=—m1) G“G,F") ds'
y (M) ﬂj (M) G .F") 10)
and,
A
O'(J) P J( ) (11)
D=L V.37 12)

where, 0(J) is the electric surface charge, (M) is the
magnetic surface charge and @ is the angular fre-
quency. The function G“(7,r') is the scalar Greens
function and is given by :-

— k|77
e Jk| 77|

T anlr—7] (13)

where k =@+ & is the wave number and @ is the fi-
xed angular frequency of the problem.

2-1 Formulation of the Analysis

The coordinate system of the CMSA considered in
this analysis as a simple representation of an axisym-
metric object is shown in Fig. (4). In this figure, the no-
tations without prime represent the field point, whereas
the notations with prime represent the source point. We
define the orthogonal surface tangents by their unit vec-
tors 4, and %, and the outward normal by the direction
of its unit vector #, given by-

I,ZnZLZ¢><Ijt (14)
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Ground plane

Dielectric
substrate

Fig. 4. Geometry of the circular microstrip as a body of
revolution. patch of radius (@) and thickness (a)), gr-
ound plane of radius (g) and thickness (g) and di-
electric material of thickness (4).

These unit vectors can be determined in cylindrical
coordinates by :-

4, =i, sinv +1i_cosv (15a)
i, =i, (15b)
i, =u,sinv'cos(¢’—¢)

+1,sinv'sin(¢' — @) + i, cosv' (15¢)
ly =~ sin(¢’' — @)+, cos(¢'— @) (15d)

where Vis the angle between the #, and the z-axis,
which is positive if i, points away from the z-axis and
negative if i, points toward it. Similarly,V'is the angle
between U and the z-axis at (t',(j)')'

If the positional vectors of points (f.¢) and (¢',¢")
are 7 and 7', respectively, then we can obtain the rela-

tive positional vector R [see Fig. 4] to have the follow-
ing form:-

o
7 :{(p_ o +4pp'sin2(¢ 2‘¢j]

2-2 Method of Solution

(16)

The surfaces of the CMSA can be generated by rota-
ting a generating curve, which is a plane curve, about

the z-axis. In the computation, the generating curve of
the surfaces (Se.tSs) and (ScatSs) is approximated by
choosing a succession of points # (i=1,2,::* N) on the ge-
nerating curve and then connecting these points by st-
raight-line segments (N represents the total number of
points). The point ¢ is called a data point; its location
is specified by its distance P: from the z-axis and its
Z i coordinates.

The number of data points on the patch, dielectric,
and ground plane surfaces is N,, Ny, and Ng, respec-
tively. The first data point on dielectric surface Sq is the
point where Sy meets the ground plane. This data point
is the (Ngt1) on the generating curve. The last data
point on Sy is the point where Sq¢ meets the conducting
patch.

2-2-1 Expansion of the Unknown Currents

According to the MoM procedures, which reduce Egs.
(5) and (6) to a set of linear equations in matrix form,
the unknown surface currents on the different surfaces
of the CMSA are expressed in a finite modal expansion
[8]. On a BoR, the induced currents have components
along two orthogonal surface vectors #, and %, . The el-
ectric and magnetic current densities can now be decom-
posed into two components along the unit vector #, and
u

¢ and expressed in the following form [9], [10]:-

T = X IO+ 1) e (173)

0

MFYy=n, > (M (")+ M) ™

n=-w

(17b)

where . is the free space impedance.

The electric current J exists on both conducting and
dielectric surfaces, where M exists only on the dielec-
tric. The variation ¢' is known as a continuous sinus-
oidal distribution with ¢/¢, and the ¢’ variation is an
unknown function that can be expanded as a linear com-
bination of N terms as:-

_ N=6
n (t ): ua'; [mf;([ ) (183)
N, -
7: (t'): u’\a'

i=1

where o is the ¢ or ¢-component.
The range of the integer n gives the total number of

azimuthal modes. Here, Irtzi’Ifi’K:n', and Kji are the un-
known current coefficients to be found, and f,(t ') is the

triangle function. Through a simple derivation, one can
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yield the following:-

0 2(N-N,-4) 2(Ny—
z ': z [;leEt‘;n(J;:” ) zlmEth(‘]nzte’ )
o FZEN, -2)
+ne ZK Et;n(o Mm'):| :O
i=1
, on Sc (192)

w [2(N-N,-4) 2N, -
z[ > EL G0 LG )

n=—m i=1

o, SKEL M )}Et:n(m

, on Seq (19b)

5[5 etz ensb o)

n=-—w i=1

2N, -

. Z{ Ee,(72,0)+ 1,EL (724 0))

o STk, e 037, )+ KB 077, >}] £,(77)
i=1

, on Sg (19¢)
5 {z P (7 0) 4B (74 0)
n=-mw i=1

z{ (72 0)+ 1, (720 0) +

e S L0.5,) k7L 0.1, >}]:H:;n<ﬂ>

, on Sg (19d)

2-3 Weighting Functions

The choice of weighting functions W is important in
that the elements of this functions must be linearly in-
dependent to make the resulting equations linearly inde-
pendent. Furthermore, choosing weighting functions that
minimize the computations required to evaluate the inner
products is generally advantageous. As such, similar
types of functions are often used for both weighting and
expansion functions (i.e., W=J*, where * denotes a com-
plex conjugate); this is known as the Galerkin method
[4]. The testing functions are defined by-

7 (F) =7 (1,6)+ 7 (1,9 z

m=-0 i=1

N-6

7 (6.0)+ 72 0.9)]

(20a)
Wele.)=d,f(t) e (20b)

The expansion and testing functions ([j M, m-] and
I7..] ), as defined by Egs. (17), (20b), and (20c), are
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orthogonal over the period 0 to 27 in ¢, for (n=m).
This indicates that the inner products of these functions
disappear for (n# m). This fact allows each mode to be
treated completely independent of the other modes.
Accordingly, we obtain a separate matrix equation for
each mode.

The inner product of the electric and magnetic field

equations, given by Egs. (19), is taken at each side by
a set of testing function. To select the appropriate values
for the elements of the testing functions in the inner
product of Egs. (19), it is possible to note down the fol-

lowing:-
2.31 For j=1, 2, 3, =+, 2N—Ng—4)
Ty [1€< Vanle ’ Etzn (‘]rlue’ )> + 2(§2])m< VVn/le’ Et:n (J::’,O)>
- 2(N,y=2) -
+77e ZK <VVn:e’Eth(O M )> 0
i=1
, on Se (21a)
O e BT o)+ S (B (7 0)
i=1 i=1
2N, -

n sz;d,E‘:n(OM ) (e E ()

, on Sey (21b)

232 For j=1, 2, 3, -+, 2(Ng—2)

2(1\/21\/f 4 [Ile VV,je,Eén(JifaO»“L Ild<VVnJ2d7Etddn(thld70)>]
i=1
. z(NZd:Z)I [ VK;E,Eén(Jrsz’O»
im1

+ (724 B4 (7200 )>]+nf“§?<m[<

+(w E2 0, M)>] (w2 Ed (7))

nj 2 nj

72 E.,(0.0,))

nj 2

, on Sy (21¢)
S s G o) (. 7 5 0))

i=1

+2(de§2)1 [W3 e, (72,0)

njo tan
i=1

2N, -2)

(7 LT 0 en, X K772, 0.07,)
i=1

(7,18, 0.80, ) ] (.12,

, on Si @1d)
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Eqgs.(21) can be rearranged in submatrix form as fol-
low:-

[z, 10, [22.], ndrzd, Tl 1oL
[O]n [Zelj,cd]n [Zc?,de]n ne[)/;jd,de]n [Iu]ﬂ [Vc‘:ii]n
[Zdlz,ce],, [Z(Z[,cd]n [Zj:‘de + Zz/zz/zle]n Ue[)f/i/e + Y;iz‘,ide]" [1 ]” - [Vdi ]n

e (o] [eevs) nlze.+ze | &1 (1]

(22)

The superscripts 1, 2, and 3 on the impedance Z and
the admittance Y submatrices represent the calculation of
Z and Y due to J on the conductor, J on the dielec-
tric, and M on the dielectric surfaces, respectively. The
submatrices Z and Y with superscripts (¢) and (d) denote
the impedance and admittance matrices for the exterior
or interior media, respectively. The first and second
pairs of suffixes identify the field and source surfaces,
respectively. The index n implies the azimuthal mode
number, and V. v di, and 15 are the excitation sub-
matrices caused by the electric and magnetic field sour-
ces on the surfaces S.s and S from the interior region.
I’ and I'* are the unknown coefficients of the electric
current density on the Sc. and S.; surfaces, respectively.
I and K are the unknown coefficients of the equivalent
electric and magnetic current densities on the Sy sur-
face.

Each submatrix of Z or Y in Eq. (22) consists of four
submatrices. This equation can be written as follows:

[ 110] =] n=0s142... (23)

where 7, is a square matrix representing the impedance
and admittance submatrices, /, is a column matrix for
the unknown expansion coefficients of J and M, and

V. is the excitation column matrix. Each mode has the
matrix equations of the form in Eq. (22).

2-4 Evaluation of the Matrix Element|Z,]:

All elements of the T-matrix are given as the inner
product of the weighting function with electric or mag-
netic fields caused by the electric and magnetic current
densities.

2-4-1 Evaluation of Z-Submatrices Elements

In Egs. (21), the mutual impedance between the source
element (/) and the observation element (j) is taken

from:-

(1) The electric field produced from the electric curr-
ent density J :-

G Y - s E o)

. Ta(T8 .
where the electric field £ (J m-ao) can be expressed in
terms of the magnetic vector and electric scalar poten-
tials as follows :-

g ) =Wy joa (7)-ve UL)) (4

(2) The magnetic field produced from the magnetic
current density M :-
(Z ap “11 _ <V7a

mnJ ji mj

70,72

where the magnetic field H* (0.7) can be expressed
in terms of the electric vector and magnetic scalar po-
tentials as follows:-

(za ) = (W (- joF(M})-vy (L)) (s

where @ and f are either the - or & -direction. The su-
perscript JE denotes the impedance matrix found in the
electric field and the electric current density, whereas
the superscript MH refers to the impedance matrix fo-
und in the magnetic field and the magnetic current
density. The relationship between these impedance ma-
trices is proven in this paper as follows:-

ap YW L (s VE
(Znﬁij; _naz (Znﬁ ji (26)

where 7. =+#. /¢,
The inner product of the electric field with the weigh-

ting function 7., [Eq. (20b)] provides the elements of
the impedance matrix as follows:-

it E . . 2 . .
(Zn )jl. =-jK 1, 21 E[TPTq{smvp sinv, G,
p=l q=

G ’ !
+cosv, coquGl}—K;Tqu}

a

(27a)

(Z”f)f = —Kanaii {TPTq sin va3 +I:2T‘1T;G1:l

p=1l q=1 N .
(27b)
- 4 4 . n T
(Z,ff);i = Kamle{Tqu sinv, G, +1<2qupG1:|
p=l q= 2 )
(27¢)
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4 4 2 G
(2 - —fKanazzrprq[Gz (] ] -

p=1 g=1 pppq

where Gy, G, and G3 are defined as:-

T e—jK“R , ,

G, =£ o cos (ng')dg o5
m e—jK R

G, = !; cos (n¢')cos p'dg’ osb)
m e—jK R

G, = ! 7 sin (n¢')sin ¢'dg’ 280

B - T ')
= \/(4] TP, S (2] (28d)

The Gaussion quadrature technique is used to calcu-
late these integrals. Eq. (28) represents the approxima-
tion for R at =t

2-4-2 Evaluation of the Y-Submatrices Elements

In Egs. (21), the mutual admittance between the so-
urce element (i) and the observation element (j) is taken
from:-

(1) The magnetic field produced from the electric curr-
ent density J :-

() = 7 (70))

The magnetic field can be expressed in terms of the
magnetic vector potential, which yields the following:-

w Y _ « |1 “
(Ymnﬁ Jji - <W mj 5( U, vV x A (J ni )j> (29)

(2) The electric field produced from the magnetic
current density A :-

(v )

The electric field can be expressed in terms of the
electric vector potential. Thus, we have:-

e )y = <W ,(—;v iy, )j>

where the superscript JH denotes the admittance matrix
found in the magnetic field and the electric current den-
sity, whereas the superscripts ME refer to the admittance
matrix found in the electric field and the magnetic cu-

=(w: E(0.M))

mj 2

(30)
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rrent density. The relationship between these admittance
matrices is proven as follows:-

(v, ),, = (v ),]H 31)

The dot product of the magnetic field with the wei-

ghting function 7./ gives the elements of the admit-
tance matrix as follows:-

(Y”)_. _]ZZT TG, [pq cosv, sinv,

p=l ¢=1

+sinv, {smvp (z,—z,)-p,cosv, }]

(32a)
4 4
() =2 21,7 [p, cosv, 6,
p=1 g=1
+{Si1’1Vp(Zp—Zq)—,Dp cosvp}Gs] (32b)
4 4
(Yf)f[ ZZTPT ['DP COSV G
p=1 g=1
—{Sinvq(z z,)+ p,cosv }G] (32¢)
c
o6 JH _ 2 ! —
(v ) = DIWRFACEERLS (324)
where,
T , (1+]K R) -jK,R !
G - a IRy d
: !COS(W) e ¢ (33a)
7 Noos ¢ (LFIKLR) i 0
G, = ! cos (n¢ )COS ¢ 3 d¢ (33b)
T U+ KR) k.
G, = e d
] J;sm(nqﬁ )sin ¢ IE 9 (33¢)

Again, the Gaussion quadrature techniques are used to
evaluate the integrals of Egs. (33).

Here, P , o , V», and Y, are the » and vV eval-
uated at ¢, and ¢, respectively, where ¢, and ¢, are giv-
en by:-

re 2 T (34)

2-4-3 Evaluation of the Excitation Submatrices Ele-
ments

The excitation fields m(J ld) and ﬁgn(j id) are de-
fined as the fields of finite sources within the dielectric
region; they radiate in an unbounded region. The ele-
ments of the excitation matrix are the fields caused by
the current elements located in the dielectric substrate,
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which are i), , i), , and (7:), , calculated at the ge-
nerating surface of the MSA (i.e., Sca+Sqi). The elements
of the excitation matrix are defined as the inner products
of EL(T) or HLUTM) with testing functions 7, (7).
These elements are shown in Eqs. (21) as follows:-

)= [ B ) s

tan

(35a)
J‘ Hmc Jtd dS

tan (35b)
where @ is the ¢ or ¢ -component.
The electric and magnetic radiation fields caused by

an electric current element are given by:-

E"(1)=—jod" (I")-va (1) (362)
Trinc|7Ti _L q i
") = udVXAd(Id) (36b)

where 4 (f "') is the magnetic vector potential, and
¢’d(f "') is the electric scalar potential given by :-

Zd(iid): _ jlijrﬂd iidﬁh(gz)(Kd"; _ ’7,‘)

(37a)

(1) =T 1 Vi (K fF 7)) (37b)
T

where 7/ is the dipole moment in the #.- direction,

and MK, F-71) is the spherical Hankel function of
the second kind zero order.

The solution of Egs. (35) provides the following ele-
ments of the excitation matrix:-

(), :_jlgigdlid!fpi:{cosv TG, +?F2T'G 2} Gsa)
O ”Z{ G”} (38b)
e f’d’;[smv 7,6 (380)
(e, = Iz;f ;TP[PPGM =Gy (38d)
where,
G, =£008(n¢)e %, d¢ (39a)
G,, = ICOS(W) G, (r.r") d¢ (39b)
G, - Isin(n(ﬁ)Sin((bf ~$) G, (7.7") d¢ (396)
G,, = Icos (ng)eos (¢, ~¢) G, (7.7") d¢ (39d)
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and
1+ jK R, .
G, (7.7 =| L ks
~ 3 (40a)
R, =[z2+0+ 0 ~2p,p, cos g, 4] (40b)

where £, and ¢, are the coordinates of the feed point.
The parameters o ,, z,, and % are the coordinates of the
field point on the surfaces Scs or Si. They are assumed
to be constant in each pulse and equal to their values
at the midpoint of the pulse. 7, and 7", are the weight-
ing factors of the impulse functions approximating the
triangular functions and their derivatives.

2-5 Evaluation of the Radiation Fields

The radiation fields of the CMSA are calculated from
a knowledge of the equivalent electric and magnetic sur-
face current densities flowing over the outer surfaces of
the ground plane, dielectric and patch. Once, these sur-
face current densities J and M are determined, then
the far-field components £, and £, can be obtained
from :-

10,0)= e S S ) )
4rr, P
L
50,8122 S Sl )
n=0

4
+(R), K¢]]

o

-1, Zz[ (rR?)

(41b)
Where,
() = ZC[Jsmv 0080, (/1) =7, , (1)
~2cosv, sin,J, (u)] )
("), = =3 Ce0s 0,1, ()+ ., w)] 2b)
(Rit) = S Csinv, [, @)+ 7, . w)] 420)
(r¥) = 72Cl, )= 1, ()] 20
C=j"n ef""vefoZq“"SeﬂTq (t") (42¢)
u=K_p,sin6, (426)

and J,(), J, () and J,a() are the Bessel functions
of the first kind and order (n), (n—1), and (n+1), respec-
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Fig. 5. Relationship between source and field points.

tively.

Where 7,.0,, and ¢, are the units vectors of the co-
ordinates shown in Fig. 5, and the integrals are carried
out over the total outer surface of the body.

III. Results and Discussion

The surface currents are determined and plotted for
both the dominant TM;;- and TMy;- modes. Fig. (6)
shows the computed electric and magnetic surface cur-
rents for the TM;;-mode at the outer boundary of the
microstrip surface. The horizontal axis shows the length
of the contour (L) along the generating curve. Due to
the structure symmetry, only half of the geometry is
considered. In this figure, the external surface currents
of the three regions are plotted with respect to their lo-
cations on the surface, where these regions correspond
to the ground plane, the dielectric substrate, and the
patch surface, respectively. An examination of this fig-
ure reveals that the electric current is the strongest on
the patch surface and has a negligible value on the
ground plane. The #-component of the electric current
value is small on the dielectric, whereas the ¢ -compo-
nent of this current is considerably stronger than the
t-component and is maximum near the patch edge. The
magnetic current A? is considerably stronger than M’;
it is maximum near the patch edge and negligible in
terms of the dielectric thickness. Therefore, the con-
tributions to the antenna radiation mainly come from the
¢ -components of the electric and magnetic currents on
the dielectric surface near the patch edge and the elec-
tric current on the upper patch surface.

Fig. (7) shows that the f-component of the electric
surface current for the TM»,;-mode has a small value on
the outside boundary except near the center of the patch,
whereas the ¢ -component of this current has the high-
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Fig. 8. Radiation patterns of a CMSA excited by, (a) TM;;-
mode (b) TMy;-mode.

est value on these boundaries. The magnetic current com-

ponents (M ‘,M*) and the main radiation zones are the
same as those in the TM;;-mode case.

In any program, to develop techniques for solving ra-
diating problems, it is necessary to verify the techniques
and examine the accuracy of the results by comparing
it with well-known results.

For the purpose of validity and convergence, Fig. 8
shows the radiation patterns in the principle plane for a
CMSA compared with the experimental results of Lo
Y. T. [11].

It can be seen from this figure that the theoretical re-
sults agrees well with the measured results.

IV. Conclusions

The analytical treatment of this work enables us to in-
clude the effects of the adjacent modes on the dominant
mode in calculating the surface current of the CMSA.
The computed electric current density J at the outside
boundary of the antennas under study is the strongest on
the patch surface and has a negligible value on the

ground plane and dielectric surfaces. Note also that the
radial component J* of this density increases rapidly as
it approaches the center of the patch, whereas the an-
gular component J¢ of this current is considerably larger
than J' and is maximum near the patch edge. The mag-
netic component M * is considerably stronger than M’
and is maximum near the patch edge; these components
are negligible in terms of the dielectric thickness.

References

[1] L. J. Bahl, P. Bahartia, Microstrip Antennas, Artech
House Inc., 1980.

[2] D. D. Sandu, O. G. Avadanei, A. Ioachim, and D.
Ionesi, "Contribution to the cavity model for analy-
sis of microstrip patch antennas," Journal of Opto-
electronics and Advanced Materials, vol. 8, no. 1,
pp- 339-344, 2006.

[3] K. Alexander, "Aperture-coupled microstrip patch an-
tenna array," Diplomarbeit, Friedhofallee 4a/ll, A-
2232 Deutsch-Wagram, 1996.

[4] R. F. Harrington, Field Computation by Moment
Methods, Macmillan, New York, 1968.

[5] R. Garg, P. Bhartia, I. Bahl, and A. Ittipiboon, Mi-
crostrip Antenna Design Handbook, Artech House
Inc., 2001.

[6] A. A. Kishk, L. Shafai, "Numerical solution of sca-
ttering from coated bodies of revolution using differ-
ent integral equation formulations," /EE Proc., vol.
133, Pt. H. no. 3, pp. 227-232, 1986.

[71 J. R. James, P. S. Hall, Handbook of Microstrip
Antennas, Peter Peregrines, London, U. K., 1989.

[8] L. N. Medgyesi-Mitschang, J. H. Mullen,, "Radiation
and scattering from asymmetrically excited bodies of
revolution," [EEE Trans. Anten. and Propag., pp.
90-93, 1976.

[9] K. A. Iskander, L. Shafai, A. Frandsen and J. E. Han-
sen, "Application of impedance boundary conditions
to numerical solution of corrugated circular horns,"
IEEE Trans. Anten. and Propag., vol. AP-30, no. 3,
pp. 366-372, 1982.

[10] P. L. Huddleston, L. N. Medgyesi-Mitschang, and
J. M. Putnam, "Combined field integral equation
formulation for scattering by dielectrically coated
conducting bodies," IEEE Trans. Anten. and Pro-
pag., vol. Ap-34, no. 4, pp. 510-520, 1986.

[117 Y. T. Lo, D. Solomon, and W. F. Richards, "Theo-
ry and experiment on microstrip antennas," I[EEFE
Trans. Anten. and Propag., vol. AP-27, no. 2, pp.
137-146, 1979.

269



JOURNAL OF ELECTROMAGNETIC ENGINEERING AND SCIENCE, VOL. 12, NO. 4, DEC. 2012

Wa'il A. Godaymi

was born in Iraq on September 8, 1971.
He received the B.Sc. degree in physics,
M. Sc. degree in microwave antennas and

~< o Ph. D. degree in electromagnetic compu-

k. pectively. He is now Assistant Professor
A\{\ _ at Basra University of Iraq. His research
interest include microstrip antennas, circularly polarized an-

tation from the University of Basra, Bas-

rah, Iraq, in 1995, 1999 and 2008, res-
tennas, antennas array, radar cross section, and numerical me-
thods in electromagnetic.

Abdul-Kareem Abd Ali Mohammed

was born in AL Nassiria, Iraq, in 1958.
He received his BSc in electrical engi-
neering (1980) from Sulaimania Universi-
ty, Sulaimania, Iraq, postgraduate diploma
in communications (1982) and MSc in
communication (1984) from the Universi-
ty of Technology, Baghdad, Iraq. From
1984 to 1988 he was working with the
Electromagnetic Wave Propagation Department, Space and
Astronomy Research Center, Scientific Research Council, Ba-
ghdad, Iraq. From 1988 to 1993 he was working with the
Space Technology Department, Space Research Center, Bagh-
dad, Iraq. On, 1994, he joined the Physics department, college
of science, Saddam University, Baghdad, Iraq where he ob-
tained his Ph.D. (1997) in electromagnetic, microstrip micro-
wave antennas. From 1997 to 2003 he was working with the
Al-Battany Space Directorate as a researcher and head of gr-
oup in the field of microwave system. Since 2004 he is the
head of Space and Atmosphere Research Center in Iraqi min-
istry of science and technology. Now he leads group of at-
mosphere remote sensing for dust storm monitoring and de-
tection by using different space tools. Since January 2011 he
joined a post doctorate in Systems Engineering Department,
University Arkansas at Little Rock in the field of dust storm
monitoring.

270

Zeki A. Ahmed

was born in Basra-Iraq on December
1954. He received the B.Ss degree in
physics, M.Sc in 1983 and Ph.D. in 1996
in Antennas from University of Basra. He
has worked from 1984 till 1992 as: assis-
tant lecturer, lecturer and assistant pro-
fessor in Department of Physics, College
of Science, University of Basra, in Iraq.
He is now a professor in microwave antennas, and works in
the same Department. His research interest are microstrip an-
tennas and the radiation and scattering problems of electro-
magnetic.




