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Abstract: In this paper, we have presented a comprehensive results of research on microstrip antenna conducted in the last
few years with an emphasis to increase the bandwidth of the patch antenna as well as its peak gain value. The effect of
different geometry of patch and some modification in feed structure are very important to modify the bandwidth and radiation
performance of the patch as revealed from researches in the recent years which has been reported thoroughly.
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1. INTRODUCTION
Microstrip and printed antennas have drawn the maximum
attention amongst the antenna community in the last two
decades. In tune with global activity on Microstrip antennas,
several researchers have contributed significantly to new
designs, ideas and radiating structures. In this paper, a
comprehensive review is presented for microstrip antenna
with high gain and broad band operation. A conventional
rectangular patch antenna etched on a grounded substrate
give 2-4% bandwidth and around 4-5 dBi gain. Larger gain
is always a positive requirement, but broader impedance
bandwidth along with high gain is very promising in the
field of patch antenna. Some analysis with broadband
microstrip antenna is found in open literature [1].

Different techniques have been reported to increase the
bandwidth of antennas such as increasing the thickness of
dielectric substrate, decreasing dielectric constant [2],
slot-loading [3], feed modification [4], chip loading [5],
stacked shorted patch [6], using parasitic patches [7]. But in
none of the above structures can produce higher co-pol gain
compared to conventional patch antenna. One reported work
[8] gives high gain by using microstrip antenna array and 12
dBi gain is observed as expected. In view of presenting all
the works, we prefer to classify them into four major aspects
(i) Modifications of feed structures, (ii) modifications of patch
geometry, (iii) reactive loading in microstrip antenna, and
(iv) multilayered and other composite structures.

In the limited scope of this article, we prefer to give a
very brief account with a complete reference to the published
papers so that interested readers can directly access to the
relevant topics.

2. DIFFERENT APPROACHES

2.1. Feed Modification Technique
Modification of feed structure proposed by several
researchers can enhance the bandwidth of a probe fed patch

antenna. Appreciable bandwidth along with moderate gain
can be achieved using L-probe fed microstip antenna as
reported in [9]. Here, vertical portion of the probe is
associated with some horizontal extension of the same probe
for impedance matching over a wide band. In fact, the
bandwidth of the patch antenna is limited by the inductance
produced by coaxial feed particularly for thick substrate.
But using L-probe feeding, the horizontal part of the probe
together with the patch surface acts as an open circuited
stub and compensates the inductance of the vertical section
of the probe. Using such feed structure the impedance
bandwidth of 30% along with 6.5 dBi gain can be achieved
as sown in [9]. The structure of such antenna is as shown in
Figure 1(a). Modification of feed structure reported in [9],
has been implemented in [10], where, the horizontally
extended part of the probe has been replaced by printed strip
on suspended substrate and the main patch is placed beneath
that substrate as shown in Figure 1(b). It can achieve higher
gain compared to [9] but at the cost of slight decrease in
bandwidth. Using such structure 7.8 dBi gain and 26%
bandwidth has been achieved as reported in [10]. However,
the structure [10] suffers from the disadvantage related to
the increased volume of the radiating element and complex
manufacturing process.

2.2. Patch Geometry Modification Technique

In order to keep the antenna free from the disadvantages
like high volume or complex feed structure, a wideband E
shaped patch antenna as indicated in Figure 2 has been
designed in [11]. In this work, when a pair of slots are
incorporated on the rectangular patch structure, it takes up
a shape of ‘E’ and the equivalent circuit will be modified in
such a way that the dominant and higher order resonances
will become close to each other. By choosing the optimum
dimensions of the slots 12% bandwidth can be achieved
along with good peak gain value (around 7.3 dBi). Similarly,
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along with good peak gain value (around 7.3 dBi). Similarly,
by modifying the geometry of the patch a novel rose leaf
shaped microstrip antenna is proposed in [12] which is fed
with capacitively coupled rectangular feed. Various shapes
of capacitive coupled fed are compared and optimized by
successive iterations of a computer-aided analysis in [12].
The proposed antenna is able to achieve an impedance
bandwidth about 69% with a maximum gain of 6 dBi. The
proposed antenna can be used in wireless ultra-wideband
communication.

An ultra wideband star shaped microstrip patch is
reported in [13] which can produce nearly 81% of
impedance bandwidth and this is done by properly shaping
the geometry of patch. But nothing is reported about the
peak gain of the proposed patch.

One recently reported work [14] dealt with inverted U
type patch which gives better gain (≈ 7.5 dBi gain) as well
as better bandwidth (around 7%).

In very recently reported work [15], it is proposed that
the gain of microstrip antenna can be enhanced using air as
substrate and the gain enhancement factor is successfully
estimated. Following [11] and [15], if the slot has been
introduced centrally on the conventional rectangular patch
it will give birth to another structure which is referred as U
type patch antenna and a significant improvement in the
gain and moderate improvement in bandwidth are achieved
simultaneously. A very recently reported work [16],
proposed an U type microstrip patch with air substrte, which
can produce around 10% impedance bandwidth along with
11 dBi gain. In [16], attempts to increase the gain and
bandwidth all together by changing the patch geometry and
substrate type. It is claimed there that the entire antenna
structure is very lightweight and compact as opposed to
several other suggested structures.

2.3. Reactive Loading

A new design of the microstrip patch with reactive load leads
to new configuration is proposed in [17]. This type of
configuration is particularly suitable for integrated antenna
design. Using negative capacitor with a chip resistor
incorporated in rectangular microstrip antenna the gain can
be enhanced to 9.2 dBi as reported in [17]. Here, the effects
of loading a microstrip element with active reactive load
on radiation performances have been studied. In the single
layer microstrip antenna, wideband gain operation can be
achieved by utilizing the multi resonance characteristics of
single stubs, by using shorting posts, by reactively loading,
by cutting slots, and by adding lumped elements or active
elements. However, all these techniques suffer from the
problem of poor radiation characteristics, complexity and
enlarged element size. The input impedance of a microstrip
antenna depends on its geometrical shape, dimensions,
Loading conditions and the feed type. In most applications,
the bandwidth limitations occur due to an impedance

Figure 1: L-probe Fed Microstrip Antenna (a) and Modified
L Probe Fed Patch Antenna (b)

Figure 2: E shaped Patch Structure (Top View of the Patch)

by modifying the geometry of the patch a novel rose leaf
shaped microstrip antenna is proposed in [12] which is fed
with capacitively coupled rectangular feed. Various shapes
of capacitive coupled fed are compared and optimized by
successive iterations of a computer-aided analysis in [12].
The proposed antenna is able to achieve an impedance
bandwidth about 69% with a maximum gain of 6 dBi. The
proposed antenna can be used in wireless ultra-wideband
communication. In order to keep the antenna free from the
disadvantages like high volume or complex structure, a
wideband E shaped patch antenna as indicated in Figure 3
has been designed in [11]. In this work, when a pair of slots
are incorporated on the rectangular patch structure, it takes
up a shape of ‘E’ and the equivalent circuit will be modified
in such a way that the dominant and higher order resonances
will become close to each other. By choosing the optimum
dimensions of the slots 12% bandwidth can be achieved
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mismatch. In this respect, microstrip antennas have narrow
band width and low gain because of their heavy reactances.
Therefore, the antenna input impedance is a very important
design parameter which controls the radiated power and the
impedance bandwidth. In [17], the effects of loading a
microstrip radiator with a variable loading positions are
studied. The reactive loading is provided by a negative
capacitance embedded within the rectangular patch and their
optimal positions for the radiation performance enhancement
have been studied. This has been done with the view to
generate a specified radiation pattern from the antenna which
can be synthesized by choosing the appropriate characteristic
impedance and reactive loads at the load terminals of the
antenna [2], [11], [18].

2.4. Multilayered and Other Composite Structures

Next, with a view to develop a high gain and broadband
microstrip radiator, scientist and researchers have studied
the multilayered and other composite structures. In this
respect, they have conceived several new configurations
which can produce appreciable bandwidth as well as high
gain as discussed in the following section:

In the reported work [20], microstrip with sandwitched
substrate is presented which show excellent band width like

46% with moderate gain (5.2 dBi). In [20], the proposed
structure consists of three dielectric substrates; low dielectric
constant substrates that contain the microstrip feed line as
well as parasitic patches and a high dielectric constant
substrate that contains the driven patch. Parasitic patches
and microstrip line combination feed for driving the main
patch in the multilayered microstrip antenna are used to
enhance the impedance bandwidth characteristics of the
proposed antenna. But still this leads to disadvantage like
higher volume of the antenna.

In [21], a novel design technique for enhancing gain
that improves the performance of a conventional
microstrip patch antenna is proposed. The design adopts
contemporary techniques altogether like probe feeding,
inverted patch structure and stacked multiple slotted patch.
The composite effect of using the techniques along with
the introduction of novel multiple shaped patch, offer a low
profile, broadband, high gain, and compact antenna element.
Around 22% bandwidth and high gain like 12.35 dBi is
achieved with such structure. But this structure still suffers
from the disadvantages like high volume and complex
structure.

One recently reported structure [22] proposed that
the microstrip antenna with conical horn gives high
gain like 11 dBi but with poor band width (6%). In [22],
a novel rectangular patch antenna is proposed to have
fundamental resonance (TM10) generated based on the
Right- and Left-Handed (CRLH) structure. It is proposed
with a view to develop in-phase electric field over the
entire antenna other than a half-wavelength as the
fundamental resonance mode of a standard microstrip
patch or its positive multiple, the metallic patch is suggested
to be capacitive coupled with only one surrounding
rectangular ring. This is suitable for use in planar and
conformal arrays. Other stacked staircase patch antenna with
combination of air and PTFE substrate (εr =2.33) has
been reported in [23] which is capable of producing
20% impedance bandwidth along with 10.5 dBi gain.
Still this antenna reported in [23] suffers from disadvantage
of high volume as well as poor cross pol radiation
performance.

3. DISCUSSIONS AND CONCLUSIONS

Microstrip antenna is inherently a narrow band structure
with poor peak co-pol gain and a large volume of research
articles are reported for improving its bandwidth as well as
gain. A comprehensive review is presented for microstrip
antenna for better radiation performance as well as broad
band operation. A comparative study of the gain and
bandwidth of the proposed antenna structures (discussed
above) are indicated in Figure 4. This provides the essential
information and helpful hints for a designer or a researchers
to design a microstrip patch antenna with optimum gain and
bandwidth.

Figure 3: U Shaped Patch Structure (Top View of the Patch)

Figure 4: Comparison Chart between Gain and
Bandwidth of Different Proposed Structures
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