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ABSTRACT

Today antenna designers are paying more focus on microstrip
patch antennas, because of its numerous advantages in field of
communication, such as high reliability, light weight, ease of
fabrication etc. But despite of its bountiful advantages, patch
antennas also experience some drawbacks viz low gain and
narrow bandwidth. These drawbacks can be overcome by
taking care of some parameters in the design of antennas.
There are numerous designing factors affecting the radiating
characteristics of antenna such as patch height, feeding
techniques, substrate used in manufacturing of antenna etc.
The paper is focused on various bandwidth enhancement
techniques. The paper comprises of a brief study in feeding
techniques, parasitic patch elements, introduction of slots,
dual feed, shorting pin, air gap and recently introduced
concept of defective ground structure that enhances the gain
and bandwidth of antenna without increasing its height.
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1. INTRODUCTION

With the wide spread development in wireless communication
technology in recent years, the requirement of compact size,
low profile and broad bandwidth antenna has augmented
drastically. To meet up with this requirement, the Microstrip
patch antennas have been proposed [1]. Microstrip patch
antennas are attaining pronounced publicity due to its many
alluring features such as light in weight, low volume, low
cost, low profile, small dimensions and ease of fabrication and
conformity etc. [2-4]. Microstrip patch antennas are highly
valuable and have better prospects as compared to other
conventional antennas. Moreover, the microstrip patch
antennas can provide frequency agility, broad band-width and
feed line flexibility [5-6]. Microstrip antennas are used in
numerous applications, ranging from biomedical diagnosis to
wireless communications [7]. But in spite of many
advantages, one major problem of gain and bandwidth is
concerned. Significant research work has been reported till
now on increasing the gain and bandwidth of microstrip
antennas e.g. probe fed stacked antenna, microstrip patch
antennas on electrically thick substrate, slotted patch antenna,
air gap, parasitic patch and stacked shorted patch have been
proposed and investigated [8-9]. Recently defective ground
structure is introduced, that includes advantages such as
reduction in patch size and increase in gain and bandwidth
[10].

2. POPULAR FEEDING TECHNIQUES

Microstrip patch antennas can be fed by a variety of methods.
These methods can be broadly classified into two categories-
contacting feed and non-contacting feed methods. In
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contacting feed method, the patch of the antenna is directly
feed with RF power. The popularly used contacting feed
methods are microstrip feed and co-axial feed. On the other
hand in non-contacting feed method, the patch of the antenna
is indirectly fed with the RF power and the RF power is
transported to the patch through electromagnetic coupling.
The most commonly used non-contacting feeding techniques
are aperture coupled feed and proximity coupled feed [11-13].
These popular feeding methods are discussed briefly as
follows:

2.1 Microstrip feed

In this type of feeding method, a conducting strip is linked
directly to the boundary of the Microstrip patch. The
conducting strip is having smaller width as compared to the
patch. This feed arrangement has a key advantage, that the
feed and patch can be etched on same substrate which makes
it a planar structure [14].
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Fig 1 Microstrip fed patch antenna and its equivalent
circuit [9-20]

Secondly, it can also be transformed into inset cut patch. The
purpose of the inset cut in the patch is to match the impedance
of both the feed line and the patch. It doesn’t require any
supplementary matching element. Inset cut position and
dimensions should be adjusted properly to achieve perfect
impedance matching [15]. Since it is an easy feeding scheme,
it can also give ease of fabrication and simplicity in modeling.
The major inconvenience with this feeding technique is, if the



thickness of the substrate is increased then surface waves and
spurious feed radiation also increases, which directly hampers
the bandwidth of the antenna [16].

2.2 Coxial feed

The Coaxial feed also called probe feed is broadly used
technique for feeding Microstrip patch antennas. In this
technique the internal conductor of the coaxial connector is
pulled out through the dielectric and soldered on the radiating
patch, whereas the external conductor is attached to ground
plane.
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Fig.2. Coaxial fed patch antenna and its equivalent circuit
[17-20]

The key advantage of this coaxial feeding scheme is that it
can be placed at any desired position inside the patch to
facilitate its match with input impedance. However, main
hindrance to this feeding technique is that it is complicated to
model. Since a hole has to be drilled in the substrate and the
connector stick outside the ground plane, which is not making
it a complete planar structure for thick substrates. Also, for
thicker substrates, the augmented probe length makes the
input impedance more inductive that leads to impedance
matching problems [17].

2.3 Aperture Coupled feed

In aperture coupling feed and ground plane with aperture is
sandwiched between two different substrates, to provide
electromagnetic coupling from feed to the radiating patch
structure. The radiating patch element is etched on the top of
the antenna substrate and the microstrip feed line is etched on
the bottom of the feed substrate in order to obtain aperture
coupling. The thickness and dielectric constants of these two
substrates would be chosen separately to optimize the
different electrical functions of radiation and circuitry. The
coupling aperture is placed preferably at the center location
under the patch that leads to lesser cross-polarization due to
symmetricity in configuration.
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Fig.3.Aperture coupled fed patch antenna and its
equivalent circuit [18-20]

The percentage of coupling from the feed line to the patch is
determined by the shape, size and position of the aperture.
Since the ground plane isolates the patch and the feed line, it
leads to minimization of the spurious radiation. Generally, a
high dielectric material is utilized for bottom substrate and a
thick low dielectric constant material is employed for the top
substrate to optimize the radiation from the patch [18]. The
major disadvantage of aperture coupled feeding technique is
complication in fabrication of the design due to its alignment
problem in multiple layers.

2.4 Proximity Coupled feed

Proximity coupled feed is also called as the electromagnetic
coupling scheme. In this technique, two dielectric substrates
are used such that the feed line is placed between the two
substrates and the radiating patch is located on top of the
upper substrate. The major advantage of this feeding
technique is that it eliminates spurious feed radiation and
provides very high bandwidth. This scheme also provides
alternative between two different dielectric media, one for the
patch and another one for the feed line to optimize the
individual performances. The major disadvantage of this
feeding scheme is that it is complex to fabricate because both
the dielectric layers need proper alignment [19].
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Fig.4.Proximity fed patch antenna and its equivalent
circuit [19-20]

3. ADMIRED GAIN AND BANDWIDTH
ENHANCEMENT METHODS

Apart from the different feeding techniques, there are various
other methods adopted in recent times, to improvise the
inherent issue of gain and bandwidth in microstrip antennas.
A brief insight about such popular methods is outlined as
below:

3.1 Parasitic Patch

Parasitic patch technique is used to improve bandwidth and
gain of Microstrip patch antennas. Two different
configurations in parasitic patch technique are available: one
is coplanar technique and other is stacked technique. In
coplanar technique, there are different patches incorporated on
single plane above dielectric substrate. One patch among
different patch radiators is given excitation, which is called
main patch. In stacked technique, one patch is employed
above another patch with superseding dielectric layer in
between. This allows two or more than two patches to share
common aperture area [21-22].
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Fig 5. Stacked Patch antenna with Parasitic element [25]

In stacked antenna configuration, parasitic stacks of lower
dielectric constant are generally added above the radiating
patch. This minimizes the overall effective permittivity of the
multilayer antenna and increase gain of antenna [23]. Multi-
layered microstrip antennas are able to maintain the size and
helps reduce the effect of surface waves. [24]

3.2 Air Gap

The air as a dielectric has lower permittivity, thus when it
used as dielectric substrate between reflecting ground and
radiating patch, it gives an effective radiation pattern and low
return loss. These outcomes indicate maximum amount of
input power is converted into electromagnetic waves [26-27].
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Fig.6 Microstrip Patch antenna with air gap[28]

It is observed that placing an air gap in between single patch
antenna and aperture coupled antenna helps to resonate them
on two different frequencies. Moreover, by increasing the
height of air gap the ratio of two different resonating
frequencies decrease and they come closer to each other [28].
This shows air gap is an useful factor to enhance bandwidth of
Microstrip Patch Antenna.

3.3 Slots

The slots are implanted on the patch radiator to improve the
impedance matching, particularly at higher frequencies. The
slots cut from the radiator patch change the current
distribution, so that the current path length and impedance at
the input point changes [29].
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Fig.7 Slots with irregular shapes [21]

Adding slots into the patch of the antenna add a new
resonance frequency. By adding more slots, two or more
resonance regions are created, which is after proper
optimization yield an enhanced bandwidth [21].

3.4 Dual Feed

Dual feed structure is another available technique to enhance
bandwidth, especially at higher resonating frequencies [30].

Fig. 8 Microstrip patch antenna with dual feed [32]
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Double feeding configuration in antenna structure is used to
enforce the vertical current mode. It also prevent other modes
such as horizontal and asymmetrical current modes from
being excited. These horizontal and asymmetrical current
modes degrade the polarization properties and reduce the
impedance and gain performance of the antenna [31].

3.5 Dielectric Substrate

Selection of appropriate substrate material is a significant task
in designing of microstrip patch antenna. By selecting
appropriate dielectric material for substrate, some critical
parameters like bandwidth, efficiency, and radiation pattern of
patch antenna is improved [33]. The substrates are used in
microstrip antenna primarily to provide mechanical strength
to antenna. Moreover, by selecting appropriate dielectric
mediums we can also reduce the propagation of surface wave.
Surface waves extract some part of total power available for
radiation which degrades the electrical properties of antenna
[34].

3.6 Shorting Pin

Adding shorting pin on patch antenna leads to decrease the
resonating frequency of antenna without reducing antenna
size [38]. In order to attain high impedance matching, location
of the shorting pin must be chosen nearer to the feed point of
the antenna. Otherwise, input impedance augments rapidly
[35]. Shorting pin can also be act like feed line of the
microstrip antenna. Shorting pin is modeled as an inductive
part parallel to the resonant LC circuit. Larger the inductive
part smaller will be the resulting resonance frequency. That
ultimately augments the degree of miniaturization attained for
a fixed operating frequency [36-37].
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Fig. 9 Circular patch with shorting pin [39]

The shorting pin not only augments bandwidth performance
but it also helps to decrease cross-polarization level. The
cross-polarized level in the H plane can be cancelled out by
using anti-phase shorted pins [38].

3.7 Defective Ground Structures

Defected ground structures concept has been developed
recently and they are achieved by engraving a simple defect of
any shape on ground plane. Due to these structures the current
is disturbed in the ground plane. This ultimately results in
handling excitation and propagation of radio waves across the
substrate layer. DGS configuration also helps to change
transmission line parameters viz. inductance and capacitance
[18]. The defect in ground can be changed accordingly from
simple shape to complex shape in order to achieve desired
performance. In microstrip antennas, defective ground
structures have numerous advantages in the field of
transmission lines, couplers, dividers, power amplifiers,
oscillators and combiners [40].
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Fig. 10 Front and back view of defective ground plane [41]
4. CONCLUSION

Popular feeding techniques for giving excitation signal to
microstrip patch antennas are summarized in the paper. Also,
the paper appraises different methods that are being currently
used to enhance gain and bandwidth of patch antennas. It is
observed that contacting techniques viz. microstrip feed and
coaxial feed are easy to design and implement. Whereas, non-
contacting techniques viz. aperture feed coupling and
proximity coupling provide wider bandwidth and gain but
they are difficult to implement due to their alignment between
two substrates. In some antenna designs, only feeding
technique isn’t enough to enhance gain and bandwidth. There
are several other techniques viz parasitic patch, slot, dual feed,
shorting pin, air gap, dielectric and defective ground
structures are available to enhance bandwidth and improve
gain of the antenna, The techniques such as parasitic patch
and slot cutting are also used to improve the impedance
matching of antenna, thereby resulting in multiband and
broadband performances. The methods such as dual feed and
shorting pin are prevalently used to change the reactive
impedance of antenna. Whereas, air gap and perfect dielectric
substrate material helps to reduce the propagation of surface
wave effects on antenna. Recently, the idea of defective
ground structure is getting popular, for enhancement in gain
and bandwidth of antenna without increasing its height and
volume.
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