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Abstract—In this paper, we have simulated a single-pin-shorted
microstrip line fed three-dielectric-layer (with different permittivity
and thickness) rectangular patch microstrip antenna for all those
communication systems whose limited antenna size is premium. Low
permittivity hard foam has been used as one substrate to achieve
wide bandwidth. The simulation of this proposed antenna has been
performed by using CST Microwave Studio, which is a commercially
available electromagnetic simulator based on the finite difference time
domain technique.

1. INTRODUCTION

A tremendous growth of the wireless RF identification (RFID)
market is currently observed in the UHF and microwave frequency
bands [1]. The microwave frequency range is also considered for
electronic toll collection and more generally for wireless road-to-
vehicle communication systems [2–5]. Microstrip antennas are one of
the most innovative components which fulfill the requirements of all
aforementioned communication systems, but the physical size of the
patch conductor is too much large at UHF/microwave frequencies. For
this reason, researchers have tried to develop techniques that reduce
the surface area associated with the microstrip patch antenna. As the
need for antenna size reduction, two major techniques, using a shorting
post and high permittivity substrate material has been proposed. To
decrease the resonant frequency of an antenna for a given surface area,
the current path must be maximized within that area by the shorted
patch concept. The high dielectric permittivity will also maintain
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the compactness of the structure whereas low dielectric permittivity
will provide more efficient result. Bandwidth of the microstrip
patch antenna can also be increased by increasing the thickness of
the substrate material [6, 7]. The major disadvantage of increasing
thickness is the reduced efficiency since the large portion of the input
power is dissipated in the resistor which takes away the available
power that can be radiated by antenna. Further more, reducing the
height of the structure may appear to be a suitable solution, but
it may lead to a reduced impedance bandwidth and lower radiation
efficiency. This is often a tradeoff in realizing compact antennas while
maintaining performance characteristics. The advantage of loading
very high permittivity material for microstrip patch antenna compared
to the shorting pin is the elimination of the need for a shorting post
to penetrate through the substrate, hence making the device easier to
manufacture.

The high permittivity substrate has a poor choice for antenna
bandwidth, since the bandwidth of a microstrip antenna is best
for low dielectric constant substrates and if substrate thickness is
increased in an attempt to improve bandwidth, spurious feed radiation
increases and surface wave power increases. As a patch antenna
radiates, a portion of the total available power for direct radiation
becomes trapped along the surface of the substrate. This trapped
electromagnetic energy leads to the development of surface waves. In
fact, the ratio of power that radiates into the substrate compared
to the power that radiates into air is approximately (ε3/2 : 1). The
power launched into the surface waves is power which will eventually be
lost, hence the excitation of surface waves lowers the overall radiation
efficiency of the antenna. The surface waves are spread out in a
cylindrical fashion around the excitation point with field amplitudes
decreasing with distance. They are incident on the ground plane, get
reflected from there and then meet the dielectric-air interface, which
also reflects them. Following this zigzag path, they finally reach the
boundaries of the microstrip structure where they are reflected back
and diffracted by edges giving rise to end-fire radiation.

For microstrip patch antennas, reduction in thickness of substrate,
in general, will lower the efficiency and bandwidth. In this paper,
we have proposed a single-pin-shorted three-dielectric layer substrate
rectangular patch antenna to improve the radiation efficiency and
bandwidth without sacrificing, the cost and operational advantages.
The design of this proposed microstrip antenna is based on the
philosophy of maximizing the current path for a given surface area to
decrease the resonant frequency by shorting post and use three-layer
substrate material to reduce the radiation losses by surface waves [8–12]
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to improve the efficiency. The selection of the dielectric permittivity
and dimension of the substrates will determine the surface wave losses.
The organization of the paper is as follows. The Section 2 is concerned
with the proposed antenna configuration. The Section 3 discusses the
simulated results. Finally, Section 4 concludes the work.

2. ANTENNA CONFIGURATION

The geometrical configuration of the proposed rectangular patch
microstrip antenna is shown in Fig. 1. The dimension of the ground
plane of the antenna is 30 × 30 mm2. The rectangular patch has
width and length as 10 mm and 17.15mm, respectively. The substrate
material of the antenna is arranged as follows. The first substrate
layer on ground plane of thickness 0.787mm is RT/Duroid5880 (ε1 =
2.42) with tan δ = 0.0009. This layer is followed by hard foam of
12.7 mm thickness with dielectric constant ε2 = 1.07 and last layer
with 1.27 mm thick RT/Duriod6006 (ε3 = 6.15) with tan δ = 0.0019.
A hard foam layer has been used between two substrate layers to
achieve wide bandwidth. The reason to take high dielectric constant
(upper layer) is to reduce the radiation loss from the feed line and
thin substrate material has been used for maximizing the bandwidth
[13]. By properly choosing substrate parameters, a significant increase

Figure 1. The geometrical configuration of the three-dielectric-layer
substrate microstrip line fed rectangular patch microstrip antenna.
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in impedance bandwidth, radiation resistance and efficiency may be
achieved. When the high relative permittivity substrate is over the
low relative permittivity substrate, the suppression of the surface wave
will happen. Due to this efficiency will increase. The shorting pin with
a diameter of 0.5 mm is loaded at the radiating end of rectangular
patch. This loading position can ensure maximum reduction in the
resonant frequency of the microstrip antenna that is maximum patch
size reduction for the antenna can be obtained at a fixed frequency.
Microstrip line feed which has been used in the proposed antenna is
one of the most commonly used feeding techniques. Since feeding
technique influences the input impedance, it is often exploited for
matching purpose. In this feeding technique, a conducting strip is
connected directly to the edge of the rectangular patch microstrip
antenna. The advantage of this technique is that both the feed and
patch lie on the surface of the substrate and therefore is plane in
construction and provide the right impedance match between the patch
and feed line [14, 15]. Since the input impedance of the patch gradually
decreases from maximum at the edge (150 to 300 Ω) to minimum at the
center. The impedance matching associated with this class of antennas
are also simpler compared to other methods. This technique is efficient
on thin substrate; thick substrate should be avoided as they could
result in spurious feed radiation and cross polarization effects [16].

3. RESULTS AND DISCUSSION

Using high dielectric constant materials has been proposed [17–19],
however, so far, only poor efficiency due to surface wave excitation and
narrow bandwidth have been achieved. Also, the limited availability of
low cost, low loss, high dielectric constant material is another problem
with this method. It is well known that for the case of conventional
single layered microstrip antenna, the gain decreases with the increase
in dielectric constant. Another effective way to reduce the antenna
size is to use a shorted quarter wavelength patch. It is important
to note that at a fixed frequency, the patch size can be increased
or decreased, depending on the distance of the shorting post from
the feed. In proposed antenna configuration, we have considered the
concept of shorting post and three-dielectric layer substrate material
to increase the bandwidth and efficiency for miniaturized dimension.
It is clearly seen that, for the short-circuited patch antenna, the
input impedance become very sensitive to the feed position and
strongly depends on the distance between the shorting pin and the
feed position. For reasonable bandwidths, thick foam substrate has
been used. The use of an electrically thick substrate reduces the
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dimension of the patch conductor and increases the separation distance
between the feed points and shorting posts results the increase in
the inductance [20]. With this approach, we achieved very large
10 dB impedance bandwidth as shown in Fig. 2. The return loss of
the proposed rectangular patch antenna at frequency 4.591 GHz is
approximately −38 dB, which is very good result as shown in Fig. 2.
The strong dependence of the input impedance on the close positioning
of the shorting post with respect to feed and narrow impedance
bandwidth as shown in the Fig. 2.

Figure 2. Return losses versus frequency for single shorting pin
rectangular patch antenna on three dielectric substrate layers.

The E-plane and H-plane radiation pattern at this resonant
frequency (4.591 GHz) is also shown in Fig. 3. The radiation efficiency
and gain of the proposed microstrip antenna are approximately 93%
and 1.639 dB, respectively.

The diameter of the shorting post and the separation distance
between the feed point and shorting post also play an important role
in the overall size of the patch conductor. Basically, the shorting post is
modeled as an inductance parallel to the resonant LC circuit describing
a reference resonant mode of the unloaded (without shorting post)
patch. In an equivalent circuit, new resonance mode (with shorting
post) can be viewed as resulting from the inductance (due to shorting
post) in series with static capacitance of the patch configuration.
Larger the inductive part, smaller will be the resulting resonance
frequency, that is, the larger will be the degree of miniaturization
achieved for a fixed operating frequency. We have optimized the
diameter of the shorting pin for lowest resonant frequency and
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Figure 3. E and H plane far field pattern of gain at frequency
4.591 GHz.

Figure 4. Variation of the resonant frequency and radiation efficiency
of the proposed microstrip antenna versus the diameter of the shorting
pin.

maximum radiation efficiency as highlighted by the dark spot in the
Fig. 4.

A determination of all relevant parameters for the shorting post
microstrip antenna is straight forward once the resonant frequency
has been determined. It has been shown that the resonant frequency
depends critically on the position and dimension of the shorting post.
At a fixed frequency, the shorted patch size can be increased or
decreased, depending on the distance of the pin from the feed as shown
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Figure 5. Variation of the resonant frequency and radiation efficiency
versus the distance of pin from feed point.

Figure 6. Variation of efficiency and gain with width of the microstrip
feed line.

in Fig. 5. Therefore, for a single shorting pin antenna, accuracies of
a fraction of a millimeter are required for close positioning between
the feed and the shorting pin. The distance from the feed point in
proposed simulation is 1.675 mm. At this point, we will optimize
radiation efficiency at lower resonant frequency as highlighted in Fig. 5.

In the Fig. 6, we have simulated the effects of the width of
microstrip line used for feeding the proposed antenna structure.
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Maximum gain and efficiency are obtained at 1 mm width of the strip-
line as highlighted in Fig. 6. There is a continuous decrease in efficiency
and gain as the width of the strip line increases.

4. CONCLUSION

An optimum design for a broadband small microstrip antenna is
presented. The microstrip line fed pin shorted three-layer substrate
rectangular patch antenna shows significant size reduction and highest
bandwidth. Due to its compactness and broadband operation,
more applications for the single pin-shorted patch antenna can be
anticipated. With this approach, we achieved very high 10 dB
bandwidth. The gain and radiation efficiency of the proposed
rectangular patch antenna at frequency 4.591GHz are approximately
1.639 dB and 93%, respectively, which are good.
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