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Abstract In this paper, theoretical analysis of the input im-
pedance of the two gap-coupled circular microstrip path
antennas loaded with shorting post has been performed.
The concept of coupled microstrip lines is applied to the
gap-coupled microstrip antennas loaded with shorting post
and using circuit theory approach the input impedance
of the structure is calculated. The effect of mutual cou-
pling between the radiating apertures has been taken into
account. Simulated results are presented for input im-
pedance of the gap-coupled circular microstrip patch an-
tenna loaded with shorting post which supports the theoret-
ical predictions. The simulation work has been performed
using the method-of-moment based commercially avail-
able simulator IE3D. The comparison shows good agree-
ment between simulated and numerically computed re-
sults.

Keywords Microstrip antenna · Gap-coupling · Shorting
post · Feed patch · Parasitic patch

1 Introduction

Microstrip patch antennas are resonant antennas and receiv-
ing much attention at present due to their many favorable
characteristics, such as light weight, low profile and printed
circuit construction cheapness. The major disadvantages of
the microstrip antennas are low efficiency and narrow band-
width [1]. This antenna may be regarded as cavity with
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magnetic conductor walls between the radiating patch and
ground plane. The radiation occurring from the electric field
distribution around the patch boundary is being dominated
by that cause by the patch end. The energy radiated during
each RF cycle is small compared to that stored in the cavity,
and bandwidth of only about 1% is obtained for antennas on
typical printed circuit board substrate. Increase of the band-
width of this type of the antenna, in general, requires re-
ducing the substrate permittivity or increasing its thickness,
since the exact shape of the patch does not have a domi-
nant effect on the bandwidth if the overall dimensions are
similar. Using the gap-coupled resonators, the bandwidth of
the microstrip antennas can be increased [2–5]. Recently, re-
searchers have presented a bandwidth enhancement method
for low profile E-shaped microstrip patch antennas in [6].
At lower frequencies, the size of the microstrip antennas
becomes large. There are few method presented in litera-
ture to reduce the size of a patch antenna [7–11]. These in-
clude using high permittivity substrates, loading the patch
with shorting pins and meandering the ground plane or the
perimeter of the patch. In the case of using high permittivity
substrate, the dielectric constant is inversely proportional to
the square of the resonant frequency of the antenna. As the
dielectric constant increases, the resonance frequency and
consequently the antenna patch dimension decreases. How-
ever, it should be noted that using high permittivity substrate
result the excitation of the greater surface waves, which re-
duces the performance of antennas. The use of shorting post
also reduces the resonant frequency and overall the patch
antenna dimension. The size of the microstrip antennas can
be decreased by shorting a patch [12–18]. The theory be-
hind is that the electric field has the maximum value at the
edge and goes to zero at the center. Therefore, a shorting
post can be placed without affecting the basic operation.
The electrical length of the patch increases while the res-
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Fig. 1 Geometrical
configuration of the gap-coupled
circular microstrip patch
antennas loaded with shorting
post

onant frequency decreases. For the antenna to resonate at
the desired frequency, its dimension has to be reduced. Us-
ing this technique, the diameter of a shorting-pin loaded
circular microstrip patch [1] or the linear dimension of a
shorting-pin-loaded rectangular microstrip patch [14] can be
as small as one-third of that of a corresponding conventional
microstrip patch without a shorting pin at the same operat-
ing frequency. This patch size reduction is mainly due to
the shifting of the null voltage point at the centre of the
rectangular patch (excited at TM01, mode) and the circu-
lar patch (operated at TM11, mode) to their respective patch
edges, which makes the modified patches resonate at a much
lower frequency. Thus, at a given operating frequency, the
required patch dimensions can be significantly reduced, and
the reduction in the patch size is limited by the distance
between the null-voltage point in the patch and the patch
edge.

In this paper, the concept of two gap-coupled circular mi-
crostrip patch antennas reported in [19] is extended to the
gap-coupled circular microstrip patch antennas loaded with
shorting post in the feed patch and the numerical model for
calculating the input impedance has been developed. The an-
alyzed results are compared with the simulated results. Rest
of the paper is organized as follows: The geometrical con-
figuration of the designed antenna is described in Sect. 2.
The numerical model for calculating the input impedance of
the designed microstrip antenna is derived in Sect. 3. Sec-
tion 4 presents the simulated and numerically calculated re-
sults and discussion about results. Finally, Sect. 5 concludes
the work.

2 Antenna geometry

The geometrical configuration of the two gap-coupled circu-
lar microstrip antennas loaded with shorting post is shown in
Fig. 1. The one circular patch of radius r1 is feed patch and
the other circular patch of radius r2 is the parasitic patch.
The feed patch is excited using probe feeding technique and
the parasitic patch is excited by the gap-coupling. The feed
patch is shorted by a shorting post of diameter p at the cen-
ter of the patch as shown in Fig. 1. The height and relative
permittivity of the substrate is h and εr , respectively. The
gap distance between the adjacent edges of the feed patch
and parasitic patch is s.

3 Theory

The coupled microstrip structures is characterized for the
two modes as reported in [20]. These modes are known as
even and odd modes. The capacitances can be expressed in
terms of even and odd mode values for the two modes of
propagation [20]. The concept of coupled microstrip lines
has been applied to the gap-coupled circular microstrip an-
tennas in [19]. The total capacitance of the gap-coupled cir-
cular microstrip antennas can be determined for even mode
and odd mode as in [19].

The equivalent circuits of gap-coupled circular microstrip
antennas loaded with shorting post for even mode and odd
mode are given in Figs. 2 and 3 respectively. From Figs. 2,
and 3, the input impedance for even mode and odd mode is
calculated. In Figs. 2 and 3, Y1,L1,C1 and Y2,L2,C2 are
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Fig. 2 Equivalent circuit model
of the two gap-coupled circular
microstrip patch antenna loaded
with shorting post for even
mode

Fig. 3 Equivalent circuit model
of the two gap-coupled
microstrip patch antenna loaded
with the shorting post for odd
mode

the conductance, inductance, capacitance of feed patch and
the parasitic patch respectively, CE and CO are the capaci-
tances for even mode and odd mode respectively. The feed
patch is shorted by a shorting post, which is in shunt to the
patch. The impedance per unit length due to shorting post is
given by [21]:
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where rd is the radial distance of the post from the centre
of the patch, k is the propagation constant, η is intrinsic im-
pedance. J0,N0 are the Bessel functions of first and second
kind respectively of order zero, and F1 is given by:
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The total input impedance of the gap-coupled structure is
given by [19]:

Zin = ZE
in + ZO

in (2)

where ZE
in and ZO

in are the input impedances of the structure
for the even and odd mode, respectively.

4 Results and discussion

The resonant length of the microstrip patch antenna is too
large for many applications at low frequencies. One signif-
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Fig. 4 Frequency
characteristics of input
impedance (diameter of shorting
post = 0.4 mm and gap between
adjacent edges = 1 mm)

icant technique to reduce the resonant length is addition of
shorting pin in close proximity to the probe feed. This short-
ing pin is inductively shunted to the resonant circuit of the
patch. The electric field inside the patch is contributed from
two sources the current on the patch and the current on the
probe. We use the current on the surface of the probe as the
primary sources to determine the induced current on the mi-
crostrip patch. The current on the both the probe and the
patch, has been taken in to account in obtaining the input
impedance. The simulation work has been performed using
the method-of-moment based software (IE3D from M/S Ze-
land software). For the simulation, two circular patches are
placed close to each other and fed patch is shorted by a post
as shown in Fig. 1. The input impedance is defined as the ra-
tio of voltage across the patch and ground plane to the feed
point current. The microstrip line feeding and probe feed-
ing methods are very similar in operation, and offer essen-
tially one degree of freedom in the design of antenna ele-
ment through the positioning of the feed point to adjust the
input impedance level. The input impedance of the antenna
can be controlled with feed by adjusting the size of the aper-
ture and the separation distance between the feed point and
shorting post. The input impedance of the antenna is very
sensitive to the separation in distance between the two con-
ductors. The input impedance of the antenna is calculated
using (2) and the computed results are compared with sim-
ulated results. The dimensions of the designed antenna are
given in Table 1.

The frequency characteristics of the real and imaginary
part of the input impedance are shown in Fig. 4. The real
part of the impedance is maximum and the imaginary part is
minimum at the resonant frequency of the designed antenna.
The comparison between simulated and computed results
for the real part of the input impedance shows good agree-
ment except for initial range of frequencies. It is due to the

Table 1 Dimensions of the designed antenna

Radius of Radius of Height of Dielectric constant
feed patch parasitic patch the substrate of the substrate
(r1) (mm) (r2) (mm) (h) (mm) (εr )

15 15 1.59 2.2

presence of another mode in the simulated results because
of gap-coupled structure. The variation of real and imagi-
nary part with gap distance between adjacent edges of the
patches is shown in Fig. 5. The computed and simulated re-
sults in the particular range of the gap distance between the
feed patch and parasitic patch of the proposed antenna are
well matched. Further the variation of real and imaginary
part of impedance with diameter of shorting post is shown
in Fig. 6. The comparison of simulated and computed results
shows good agreement.

5 Conclusion

In the present paper, a numerical model for the two gap-
coupled circular microstrip antenna loaded with shorting
post has been developed. The concept of coupled microstrip
line is applied to gap-coupled circular microstrip antennas
loaded with shorting post and input impedance is calculated.
Input impedance for different gaps between adjacent edges
is shown as well as for different diameter of shorting post
is shown. The analysis presented above can be easily pro-
grammed to determine the input impedance of gap-coupled
circular microstrip patch antenna loaded with shorted post.
A shorting pin reduces the size of the antenna to less than
half of the conventional microstrip antennas with only a
moderate loss in the antenna performance. This structure
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Fig. 5 The variation of input
impedance with the gap distance
between the adjacent edges at
3.74 GHz for the diameter of
shorting post is 0.4 mm

Fig. 6 Variation of input
impedance with the diameter of
shorting post at 3.74 GHz at gap
distance between the adjacent
edges is 0.5 mm

also provides extra freedom to choose design parameters and
renders the antenna easier to manufacture. The comparison
between computed and simulated results shows good agree-
ment.
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