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Impedance and Mutual Coupling Characteristics
of a Probe-Fed Stacked Circular Microstrip
Two-Element Array Antenna
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Abstract

In this paper, the coupling characteristics as well as the self and the mutual impedance of a
two-element probe-fed stacked circular microstrip array antennas are presented. A full wave analy-
sis for the structure is performed in the spectral domain using the vector Hankel transform(VHT).
Also, we presented measured results for the impedance, the coupling characteristics of the antenna
and the variation of the coupling with the distance between the two elements. Finally, the
calculated and measured results are shown to agree well with each other through comparisons.

1. Introduction bandwidth. However, this shortcoming can be

overcome by adding a parasitic element to the

Microstrip antennas have many advantages for
practical applications : flat profile, easy fabrication,
easy integration with external circuits, etc, But
their inherent narrow bandwidth is a major draw-
back in the applications which require a wide
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conventional microstrip antenna, The stacked
microstrip antenna is an example of such approaches
where a parasitic patch is located over/under the
driven patch. Besides the wide bandwidth, this
stacked structure has additional attractive features
such as high gain, dual frequency operation, low
sidelobe levels, and dual polarization[1].
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Since a microstrip antenna is frequently used
as an element of array structures, it 1s necessary
to know the accurate coupling characteristics be
tween them for the design of a good array antenna
system. For the stacked muicrostrip array antenna,
this knowledge of the coupling chracteristics 1s
even more important, since such a coupling has
much more influences on the performance due to
their larger mutual coupling.

A full wave analysis of the probe-fed stacked <
rcular microstrip antenna has been done successfully
by Tulintseff3], and the coupling characteristics
between two probe-fed unstacked circular microstrip
antennas were calculated by Habashy[4]. For the
stacked rectangular microstrip antenna, the coup
ling characteristics between two elements have
been analyzed by Terret|5]). However, to our
knowledge, no analytical/experimental results have
been reported for the coupling characteristics be
tween stacked circular microstrip antennas although
this type of antenna structure has been emploved
in several applications such as MSAT antenna for
mobile telephone communication system]| 2,

In this paper, two element array of the probe fed
stacked circular microstrip antennas s analyzed,
The spectral domain method (SDM) via the vector
Hankel transform(VHT) is used for the analysis,
In addition to analysis, experiment 15 performed
to verify the results of this analysis and close
agreements are obtained between the theoretical

and experimental results.

II. Theory

1. Formulation of integral equations

Fig.1 shows the structure of a two-element array
of the probe-fed stacked circular microstrip ante-
nnas together with the two independent cylindrical
coordinate systems associated with each antenna
A and B, which will be used in the analysis.

The first step in the analysis is to find the
fields on each antenna. As for the antenna A, its
field i1s the sum of the field by itself and the field
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Fig 1. The structure of the two element array of the
prohefed stacked circular microstrip antenna and
two crreular  cvhindrical  coordinate  systems

associated with antenna A and

by the antenna B. The self field is the field of a
stacked microstrip antenna alone, which was
calculated by Tulintseff 3], In their analysis, the
current on the surface of the feed probe was
assumed to be uniform and to have the z—directed
component only, The patches are assumed to be a
perfect conductor having a neghgible thickness
and their suface currents are decomposed into p
and ¢ components. With these current distributions,
the transverse electric field in the ; —th region s

given by e (1) from the results of Ref.[ 3],

(EGael, = Foe [t T )Gk 2= )R )+

E-n(kp,z,z' = dl)—f:z(kn) + C__;Il(kﬂ'z)ﬁ:(kp )]
(1)

The above integration is the inverse vector
Hankel transform (VHT) whose kernel . Em(k,,
¢, can be found in Ref.[7]. The braketted quan-
tity in the integrand is the spectral domain rep-

www.dbpia.co.kr



%% /Probeit i+ 34E]i: 128 ¥ vloaig ~EY 24z} wjEgH ] o @ A3 A 5

resentation of the m—th harmonic component of
the transverse electric field [E (p,,2)],, . Also,
the spectral domain dyadic Green’s functions,
(f‘,v,’s can be found in Ref.[3]. K (k,), Km(k,)
represent the VHT’s of the m—th harmonic
component of the currents on the parasitic and
driven patch, respectively, and p,, (k,) is related
to the probe current and given explicitly in [3].
Simarly, the field on the antenna A due to the
current on the antenna B can be calculated with
the following conversion in the coordinate sys-
tem, At first, the field by the antenna B is
obtained in the coordinate system of B, which is
the same as eq.(1) with all scripts A replaced by
B. In applying the boundary conditions on the
patches of the antenna A, it is convenient to rep-
resent all the field expressions in the coordinate
system of A, Using the addition theorem for
Bessel functions, given by eq.(2), the field on the
antenna A by the antenna B is converted to the

coordinate system of A as in eq.(3).

Lu(kps e = Lol (ko )e 2)

n=—oo

EORS g AT By NCR o
TP I RACRYAIC B AR AN

(3

The prime(’) in 5.” indicates that p,” is
expressed in the coordinate system of A.

By combining the two field components given
by eq.’s (1) and (3), the total tangential electric
field on the antenna A is expressed as in eq.(4)
for the m-th harmonic component,

[E@,2),,, = ik, (kop (Gl 2o )R (k)

Gy 2. )2k, )+ Cplkp2 Bk, )} +

Y )Gl 2 )R () +

(4)

Gk R4 (1)} + G 1, 2)72 1)

Using the same procedure, the field on the
antenna B can be obtained as in eq.(5).

56 L, = [kt 1[5 e )R )
Gn(kn'z'dz)f:Z(kp)*az(kp")ﬁ:(kp)}+
Y 0 ()G, . )RA(K,) +

Gally 2. 0, )} + Bl 2) (8, )]

(5

The integral equation for the unknown currents
on the patches can be obtained by imposing the
conductor boundary condition on the patch, given
by eq.(6).

- ]
[E ,,,z=z,)]m=0, Ps<a (6)
Jj=12. z,=dy,z,=d,

m=0,11,%2,

2. Moment method solution

The integral equations in eq.(6) are solved
using the Galerkin’s method. The basis functions
used to expand the currents on the patches are
the TM and TE mode currents on top of the cyli-
ndrical cavity with a magnetic sidewall. Also, the
concept of an attachment mode current used in
Ref.[3] is exploited to approximate the singular
current near the probe-patch junction. Therefore,
the current on each patch is expanded by the TE,
TM mode currents and the attachment mode
current as in eq. s(7) and (8).

=Y ALE, P)+Z B, %..(P) M

=1 q=1

z?:(p>=)’jA: T(p)+ Y BFL(0)+ Kiulp)  (8)

r=l =]

where W,,(p), ®,,(p) are the TM, TE mode

currents, and I?m a:{p) is the attachment mode
current,

1769

www.dbpia.co.kr



BEE SR L 9311 Vol.18 No.11

Applying Galerkin’s procedure to eq.(6) and
using Parseval’s theorem for the VHT/[7], the fi-
nal linear equations for the current expansion
coefficients can be obtained by eq. s (9) and (10).

[Cat b, X4 ,)[E# wak )2k, )} +
£ (kw2 (5)32(6)

[dk,k‘,x,:;* )[Ef{xm}+ 21, [k d)E{R M,,}]

[k, X3 (e, N EH{ B2} + EHBY] ©

[k, X2 (ke  E{ W (k,). 82k, )} +

g_:"(—nr--f.-.(kpd)a{w:(k,),a:(k,)}]

- X (] ERL s B0 kR

an-M

~Jaik,Xor (kN EXp}+ EXEY

(10)

where j=1,2, m=0, =*1, +2,..+M, and
superscript + means a complex conjugate transpose.

In the above equations, the testing function X
(k,) is the same as the basis function in the
Galerkin’s method, which is given by eq. (11).

)_((k‘,) = V(kp)or (f(kp) (11)

Also, E4i*!’s in eq.’s (9) and (10) are the tan-
gential electric fields on the patch | due to the
expansion function current, attachment mode
current, and current on the feed probe. Their ex
plicit expressions are given by eq.(12).

&) 82(k,)} =
&b =, awstn) +f ol

Balty i) $ 472 o) Evet b))

rml s=1

_—

El{w:
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Ef,{ 'M"} Z_;il(sz:z/'dz)fi,m(kp) (12)
E/{pz}=Glky 2 =1,)p2(%,)
X= A B

The current distribution on the patches can be
obtained from the solution of these 2+ (2¢M + 1) *
(P+Q+R~+S) linear equations.

3. Calculation of impedance

To obtain the self impedance and the mutual
impedance of the antenna, the following variational
formulas are used.

ZM :—EJ’PVWAEA.JAdSA (13)

ZAB:—_I,,, E .jsdsa (14)
A'B

In the above equations, 17, means the electric field
due to the uniform current along the feed probe
of the antenna A with the antenna B open
circuited. Also, j: . /_, means the surface current
density on the surface of the antenna A and B
whose terminal currents are denoted by 1, and /..

Calculating the electric fields and performing
the integtration as indicated in eq.s (13) and
(14), the impedance parameters of the antenna
are calculated by eq.’s (15), (16).

Sl
e (k,,)[l?;,(k,, | }+ P (k ){nI‘f (L YEa (k)] +

mH(6 YRR, H+ Lo bR (R +

L omtes Jol6R) (ksPos)
1— -Z ’ J;( JaZ) 8
[} ki (k (kpaz),%n;’.‘! (k)

(15)
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B mm—oo
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(16)

The explicit expressions for ;1{“]’ ‘s can be found
in Ref.[3].

IIl. Resuits and discussions

Based on the theory presented in the previous
section, several characteristics of a two-element
array of stacked circular microstrip antennas can
be obtained. For the numerical evaluation of im-
proper integrals appearing in eq.’s (10), (15), and
(16), the integral paths are deformed just below
the real axis to avoid singularities on the real
axis. In the deformed path, the imaginary part of
k, is fixed at 107 k.

In calculating impedance parameters we have
omitted the second term involving H'’ (ksR) in
eq.’s (15) and (16). The omitted term appears as
a part of the probe self impedance and represents
the impedance of the parallel plate waveguide fed
by probe[3]. Even though the term shows the re-
sistance component as well as the reactance
component, it is well known that the probe self
impedance has a reactive component only. This
inconsistency is thought to have occurred due to
the incompleteness of our feed model. We assumed
uniform current on the feed probe with magnitude
equal to the terminal current, so that open-circuiting
a terminal means no current on the corresponding
probe. However, some currents on the probe and
the corresponding attachment current on the
driven patch must exist in real situations. We feel
that a more elaborated feeder model such as the

magnetic frill model is needed to correct this
problem.

In Calculation, we used M=1, P=Q=R=S8§
=4 for the basis functions, The structure para-
meter of the antenna element used for the simula-
tion and the measurement is given as follows ; a,
=1.3cm, a1==1.0la,, hy=hy=0.16cm, hy=0.5cm,
£,3=€,,=2.58, &»=1.0, and p,, = p,, = 0.8a;.

Fig.2 shows the Smith chart plot for the S11of
the coupled antenna together with the measured
data, when the spacing between two antenna
element is d =2.07a,, Compared with the measured
data, the calulated results are accurate near
resonance, but deviates a little away from the
resonance, This is considered to be due to the
choice of the basis functions. Since the basis
functions are the resonance mode currents of the
cylindrical cavity, they seem to be less adequate
to represent the patch current in the off-reson-
ance condition.

/<

o/ O COMPUTED
~OUMEASURED
—.

Fig 2. The smith chart representing the 511 character-
istic of the antenna in Fig.1.
(@=1.3cm, a;=1.0lay, hy=h;=0.16cm, h,=
0.5cm, €,3=¢8,1=2.58, &,=1.0, py,=pop= 0.8ay,
b= bgy = n/2. d = 2.07a,)
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In Fig.3, the return loss and the mutual coup-
ling are presented as a function of the frequency,
The calculated results show good agreements
with the measured data.

In Fig.4, the mutual coupling between the two
element antennas is plotted for two different
feeder positions as a function of the spacing be

1]
S11{dB]
5 & Calculated
-4~ Measured
-10
-15
-20 1 .
35 4.0 4.5 50
freq.[GHz]
(a)
[
S12[dB]
4 Cakulated

- Measured

30 X 1
3.5 40 4.5 50

freq.fGHz]
(b)

Fig 3. (a)Return loss and (h)Coupling versus fre
quency of the antenna in Fig.1.
(@y=13cm, a,=1.0la,, h =hy=0.16cm h

0.5em, €57 €,1 =258, €= 1O py = pyy == 0.8
b0 = b /2, d .07a)
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tween the two element antenna. Also, the measured
coupling data for the unstacked circular patch
antennas are presented for the comparison, When
the fwo element antennas are very close to cach
other (d{ -~ 3.5a;), the E-plane coupling is larger
than the H plane coupling. As the distance be

tween the antennas is increased, the E plane

0
S12{dB]
O Caicutated
X Measured }S[aCde
0 M Measured {Unstacked)
»
-20
[
]
'30 S i 1
2.0 3.0 4.0 df2
(a)
0
S$12(4B) <+ Calculated Stacked
x Measured} tac

®  Measured { Unstacked)

-30 L 1
2.0 3.0 4.0 ga2

(o)

Fig 4. (@) Eplane (4,, ~d,,
¢y == w/2) Coupling versus element spacing.

ta, - 1.3cm. ap--1.0la. hy=hy==016cm b =

O50M, €377 € =208, &, = L0, po == pup == 0.8a)

) and (b)H plane (¢,
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coupling decreases more rapidly. As a result, at
large distances{d > ~3.5a;), the coupling in the
H-plane is slighly larger than the E-plane coupling.
The same results can be observed in the case of
the stacked rectangular microstrip antennas in
Ref.[5]. Therefore, to reduce the effect of the
mutual coupling in the stacked microstrip antenna
arrays in which the element antennas are very
close to one another, the H-plane feeding is
recommended, However, when the distance be-
tween elements 1s far enough, the E-plane feeding
1s slightly better.
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