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Abstract— In this thesis is a Comparative Analysis of dual
‘L’ shaped Microstrip Slot Antenna(MSA) with slotted finite
and infinite ground plane for return loss-enhancement is
presented. The main aim of this work is to enhance the return
loss parameters and radiation efficiency of the antenna. The
structure involves a comparison of dual ‘L’ shaped MSA with
slotted finite and infinite ground plane. The antenna is
designed with dual ‘L’ slot on the dielectric plane (at a height
of 1.5 mm) on FR4 substrate and simulated using IE3D
simulator. Simulation results show improvement in the
radiation characteristics. It can be clearly seen that impedance
-matching is dependent upon the location of the probe feed.
Varying the location of the feed point also results in changes
of inductance and capacitance value of antenna-structure.
MA is with dual ‘L’ slot, improves properties such as
resonant frequency, gain, return loss that may affect the
performance of the antenna. The structure uses a single layer
configuration; dual ‘L’ shape slots on the dielectric patch and
diffracted ground plane. The design is simulated with the
IE3D electromagnetic simulation tool and the geometries are
simulated at the resonant frequency of 6.966 GHz for
Antennal and Antenna2. The properties of antenna such as
BW, RL, and VSWRat different heights have been
investigated. In the proposed designs, probe feeding is used.
This work provides a very good method for the enhancement
of RL and radiation efficiency. In addition, the proposed work
defines a good method for impedance matching.
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I. INTRODUCTION

Antenna, Arial or a simple is a device for receiving or sending
radio waves. To radiate or receive EM waves we require an
antenna. An antenna is a system of elevated conductors which
matches the transmitter or receiver to free space. The guided
wave and a free space wave, structure associated with the
transition region in or between a free space wave and a guided
wave is called a radio antenna. The official definition of the
antenna according to IEEE is simply a means for transmitting
or receiving radio waves.Microstrip antennas are more
attractive due to their lower weight, compactness and low
price. Integration of these antennas can be done by printed
strip-line feed networks and other activedevices.

The microstrip structures are well-known since the
mid-1950s.The application of thesestructures started in early
1970%s when antennas were required for missile projection.
Rectangular and circular micro strip patches have been used
extensively in a form of array structures. A major
contributing factor for recent advancements of MPAs is the
current revolution of size reduction in electronic circuit done
for large scale integration. Previously antennas are often
heavy and costly factor of an electronic system, MSAs based
on photolithographic technology is seen as an engineering

breakthrough. MSA’s are known for the reduced size, lower
weight, low cost, better performance, compatibility with
(MMIC’s), robustness and ability to conform to planar and
non-planar surfaces [3]. Patch antennas have many
advantages; also they show some drawbacks as well. “One of
the main demerits with patch antennas is there inherently
narrowband performance because of its resonant nature
.Broadband application basedon conventional patch designs
are limited with low bandwidth. Other characteristics of MPA
include low efficiencies, limited power transmission
capability, poor feed radiation, poor polarization, and
manufacturing tolerance”. This is shown in fig 1.2. Therefore,
for a substrate with & =10.2, nearly 3.1 of the total power is
confined within the substrate with a critical angle of 18.2
degrees. Surface wave effects can be avoided by using
multilayer designs. However, this has the basic drawback of
higher the weight, thickness, and complexity of the MPA.
These applications and others prevent MPA from becoming
the standard in the MW communication community.
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Fig. 1.1: Formation of surface waves[3]

Some of their main advantages discussed by Kumar and Ray

are given below:

—  Less weight and less volume.

— Small profile planar configuration can be easily made
compact to host surface.

—  Less fabrication cost, hence bulk production is possible.

— Can work with linear as well as circular polarization.

—  Can be easily integrated with MICs.

—  Capable of multiband frequency operations.

Mechanically sound when mounted on rigid surfaces.

MPAs have some drawbacks as compared to conventional

antennas. Some of its major demerits are discussed below:

— Narrow bandwidth.

— Low efficiency.

—  Low Gain.

— Unwanted radiation from feed point and junctions.

— Poor radiator in end fire configuration except tapered slot
antennas.

—  Lower power handling capacity.

—  Surface wave excitation.

Il. LITERATURE REVIEW

Ali Hanafiah Rambel , Suhermanl and Erwin2 et al.
discusses MPA design for working on the frequency of 1.8
GHz by using a FR4 substrate with relative permittivity of 4.4
and thickness of 1.6 mm[1]. The optimal of MPA is assisted
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by AWR simulator. Based on measurement result, the
designed RMPA has VSWR minimum of 1.03 on 1.84 GHz
frequency. It has bandwidth of 43 MHz (1.818 - 1.861 GHz)
for VSWR.

Jin-dong zhang et al. proposed a single layer MPA
based on line feed that could be used for bandwidth
enhancement and harmonic suppression in [2]. A/4microstrip
line resonators were designed nearby rectangular patch.
Wideband properties were obtained using designed resonator.
The designed antenna show, light weight, size reduction,
since it was designed with electrically light and thin substrate.
Also on reviewing paper capacitive feeding and A/4 resonator
was found a good candidate for harmonic suppression.
Antenna resonated at 4.9 GHz. It was operating in the rangeof
4.69 GHzto 5.10 GHz and RL, bandwidth was obtained -25
dB and 8.4% respectively. The measured BW was 2.7 times
increased than that of the traditional insert-fed patch. In [3]
Alexanderye. svezhentsev et al. designed a wideband
omnidirectional cylindrical MA with two E shapes. A low
permittivity flexible textile substrate was used to design
geometry. Designed antennas had presented Omni directional
radiation in the horizontal plane, wide-band characteristics
(for the first antenna) and low sidelobe levels (for the second
antenna). The antenna was designed to have 33% and 21%
bandwidth, and 2.98 dB and 4.56 dB gains, respectively. The
returnloss values obtained fromantenna 1 -25.15 dB and for
the antenna 2 was -19 dB. This paper work concludes that
textilesubstrate is a good candidate to beused in WBAN
applications.

Keisuke Noguchi et al. proposed a new structure for
ESPA using the multi-conductor modal theory in [4]. It
presented transmission line and radiation-modes were
generated on the ESPA and an equivalent circuit was derived
from the modal theory. The equivalent circuit was designed
to obtain wideband and multi-band characteristics. The
simulated and measured return loss value was around -25 dB
and -22.5 dB. The impedance bandwidth for design was
evaluated 27.7%.

A. Problem ldentification

In spite of the many advantages that MPA has in comparison
to conventional antennas, they suffer from certain
disadvantages. The major drawback of such antennas is the
narrow BW and low gain. The Review shows that ultra
wideband antennas can be modified with respect to different
physical parameters in order to improve the antenna
characteristics. Therefore, this thesis will be based on similar
lines i.e. a new antenna design will be proposed and
corresponding  performance  characteristics  will  be
evaluated/determined with an emphasis on improvement in
return loss and antenna efficiency. At the same time,
enhancement in the gain and directivity parameter will also
be dealt with.

The authors had discussed various aspects for
enhancing the performance of antenna. For an effective
antenna performance, the main key factor is dielectric
substrate parameters. The first parameter of di-electric
substrate is the value of di-electric constant (&) should have
chosen as low as possible, thereby it increases fringing field
around the patch periphery. Which results in increased
radiated power and also efficiency of antenna will be

improved. Since the BW is inversely proportional to the
square root of dielectric constant (BW oc 1/4/8r ).

B. Objective of Thesis

In the presented work, comparison of micro-strip feed
dimension variation for a novel ‘I’ shaped antenna geometry
has been proposed on a single layer dielectric substrate with
slotted ground plane. The variations of feed line dimensions
result in better antenna performance in terms of return loss
and bandwidth on FR4 dielectric substrate. The geometry is
simulated with the IE3D software. Impedance matching is
done using finite ground plane with a slot on it.

The objective of the thesis is to enhance the
Bandwidth and Return loss parameter. The size reduction is
also one of the major concerns, which is also performed.

The objective of this thesis consists of following aspects:-

— The main objective is to design a low-profile, cost
effective microstrip patch antenna based upon the single
layer configuration.

Enhancement of antenna parameters such as Return loss
(>-25dB) and Bandwidth (>8%).

—  One of the most important factors is gain in the context
of performance evaluation of antennas. Therefore one of
the main objectives will be improvement in the gain
through modified antenna design. Reduction in antenna
geometry dimensions (i.e.size reduction).

I11. PROPOSED ANTENNA DESIGN

A. Flow Chart for Dissertation

This thesis consists of Antenna geometries with finite and
infinite ground plane simulated at height 1.5 mm. Flow charts
for all the designs are given below;

11 Flow Chart of Design

Flow chart describes the steps for designing of antenna
geometry.

(=)
-

Mathematical modelling of
conventional microstrip patch
antenna

l

Simulation through IE3D software |«

IfNo

(o)

Fig. 3.1: Flow Chart of Design
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First thing, which is required for designing of an
antenna is a ‘“Mathematical Model”. This involves
mathematical calculation part which will be needed in
designing.

Second step is “Simulation”. To perform simulation,
one will require a EM simulation software (IE3D, HFSS etc.).
In my case, | have used IE3D software for simulation of
geometry.

Third step shows a condition for Bandwidth and
Return Loss. If this condition does not satisfied, then the next
step “Optimization” will come into effect. Otherwise the
geometry can be forwarded for fabrication.Last two blocks
are related with the “Validation”. Here, the simulated results
and the base paper results are compared and through this we
can observe the variation in between both the results.

B. Properties of Substrate (FR4 Substrate)

Modified epoxy resin, film resistant with good thermal and
mechanical properties for rigid laminates, thin laminates and

prepares for multilayer boards, unclad laminates for
electromechanical applications.
Properties FR4 Substrate
Dielectric Constant(€&;) 4.3
Dissipation Factor(tand) 0.0019 at 1 GHz
Substrate Thickness h(in mm) 1.5

Table 3.1 FR4 Substrate Properties

C. Formula used for Microstrip Patch Antenna

c 2
Width of patch: w=—
2f \e +1
. c
Effective length of patch: L=
2f /e

reff

Extended distance:

W
(8, +0.3) (?+0.264)

( |
AL=hx (0.412)] - |
L (44 -0.258) (F+O.8) )I

Actual length: L=L  -2AL
Effective dielectric constant:
[e+1 LEc 1 Length of Slot;

Sreff:LT ) Jx—l+ﬁ
J w

L
L' —
2.72

Width of Slot:

W'=—
10
Location of Feed point:

L W
2

Xf:z\/a’ yf:

D. Proposed Antenna Geometry
1) Geometry of Antenna with finite ground plane at h=1.5

mm

Fig. 3.2:
(a) Top view of Antenna

Fig. 3.4: (c) Bottom view of Antenna

Geometry of Antenna withh=1.5 mm is shown
above in Fig. 4.4.1(a).Antenna geometry consists of dual ‘L’
shaped slot on dielectric plane at height of 1.5 mm located at
the origin and finite slotted ground plane. Geometry is
designed with FR4 dielectric substrate having dielectric
constant 4.3 with a loss tangent of 0.0019 respectively. The
feed point is situated at Xf=-2.35 mm and ys = 1.5 mm.
2) Geometry of Antenna with infinite ground plane at h=1.5

Fig 3.5: (a) Top view

Fig. 3.3
(b)Whole view of Antenna

Fig. 3.6: (b) (Whole view)
Antenna
Geometry of Antenna is shown above in Fig.

3.4.2(a). Antenna geometry consists of dual ‘L’ slot with

infinite ground planeat h= 1.5 mm located at (0,0) on
dielectric plane. Geometry is designed with FR4 dielectric
substrate having dielectric constant 4.3 with a loss tangent of

0.0019 respectively. The feed point is situated at xs= -2.35

mm and ys = 1.5 mm.

IV. SIMULATED RESULTS

A. Mathematical Model for Antenna

Antenna geometry is based on the single layer dual ‘L’
shaped slot based micro-strip patch antenna structure onto the

All rights reserved by www.ijsrd.com 85



Analysis of Microstrip Slot Antenna of Dual ‘L’ Shape for Return Loss Enhancement with Slotted Finite and Infinite Ground Plane

(IJSRD/Vol. 9/1ssue 06/2021/017)

dielectric plane withfinite and infinite ground plane. The
feeding is applied on dielectric plane. All the geometry
dimensions are given below; Table 4.1 Mathematical model
for Antenna with infinite ground plane

Patameter Antenna at h=1.5 mm
Length of Dielectric patch 15.68 mm
Width of Dielectric patch 18.42 mm
Dielectric Slot Length 5.76 mm
Dielectric Slot Width 0.576 mm
Feed Point -2.35,1.5

Table 4.1: Mathematical model for Antenna with finite
ground plane

Patameter Antenna at h=1.5 mm
Length of Dielectric patch 15.68 mm
Width of Dielectric patch 18.42 mm
Length of Ground patch 24.68 mm
Width of Ground patch 27.42 mm
Dielectric Slot Length 5.76 mm
Dielectric Slot Width 0.576 mm
Ground Slot Length 9.07 mm
Ground Slot Width 0.907 mm
Feed Point -2.35,1.5

Table 4.2: Mathematical model for Antenna with finite
ground plane

B. Analysis of Antennawith finite ground plane at h=1.5 mm
1) Return loss vs. Frequency and Bandwidth graph

Fig. 4.1: Return loss vs. Frequency and Bandwidth
Return loss and Bandwidth characteristics is shown above in
Fig 4.1. Figure shows dual band characteristic. Plot shows
two bands at around 6.966 GHz having return loss value of -
25.82 dB with the bandwidth of 9.21%.Therefore antenna
will radiate around resonant frequency 6.966 GHz.

1) VSWR vs. Frequency graph

Fig. 4.2: VSWR vs. Frequency

The VSWR result is shown above in Fig. 4.2. It shows that,
around 6.966 GHz input impedance is properly matched with
the characteristic impedance (50 ohms), and hence minimal
reflections will be observed (ideally none) and antenna will
radiate.

7 Smith Chart

(Impedance in ohm)

Fig. 4.3: Smith Chart
Smith chart of Antenna with finite ground plane at h=1.5 mm
is shown above in Fig 5.3. Smith chart is a graphical method
of displaying the impedance of an antenna. Smith chart
represents, where impedance of the antenna is properly
matched.

Basically, radiations near the real axis signify lesser
return loss and hence better impedance matching. As
radiations goes far from the real axis, greater reflections will
be observed. It uses complex value representation for
displaying impedance of the antenna.

4) Radiation Pattern

Fig. 4.4: True 3D Radiation pattern of Directivity at 6.966
GHz along X-Z axis
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The true 3D Radiation pattern of Directivity at 6.966 GHz
situated in the X-Z direction for the Antenna geometry is
given above in Fig. 4.4.

C. Antenna with infinite ground plane at h=1.5 mm
1) Return loss vs. Frequency and Bandwidth graph

Fig. 4.5: Return loss vs. Frequency and Bandwidth
Return loss and Bandwidth characteristics of Antenna at
h=1.5 mm is shown above in Fig 5.5. Figure shows single
band characteristics. One band is obtained at 6.966 GHz
having return loss -25.58 dB with a bandwidth of 4.31%
71 VSWR vs. Frequency graph

Fig. 4.6: VSWR vs. Frequency
The VSWR result is shown above in Fig. 4.6. It shows that,
around 6.966 GHz impedance is matched properly, and hence
minimum reflections will be observed and antenna will
radiate.
7 Smith Chart
(Impedance in ohm)

Fig. 4.7: Smith Chart
Smith chart of Antenna with h=1.5 mm is shown above in Fig
4.7. Smith chart is a graphical method of displaying the
impedance of an antenna. Smith chart represents, where
impedance of the antenna is properly matched.

Basically, radiations near the real axis signify lesser
return loss and hence better impedance matching. In antenna
at h=1.5 mm radiations are closer to the real axis at 6.966 GHz
point, results in lesser reflections.

4) Radiation Pattern

Fig. 4.8: True 3D Radiation pattern of Directivity at 5.958
GHz along X-Z axis
The true 3D Radiation pattern of Directivity at 6.966
GHz situated in the X-Z direction for the Antenna geometry
is given above in Fig. 4.8.

D. Comparison of Proposed Work

Comparison of proposed Return Bandwidth
design Loss
Base Paper [1] -25dB 8.4%
Antenna WE[h finite ground at 2582 dB 9.21 %
h=1.5 mm
Antenna WI'[P infinite ground 2558 dB 431 %
at h=1.5 mm

Table 4.3: Comparison of Proposed Work

E. Validation Table

Validation of work is given in the table 5.4 below; it shows
dimension of the micro-strip feed line plays a very important
role in input impedance matching and return loss
enhancement. Variation in feed line dimensions affects the
input impedance matching and also the return loss value. It
also confirms that through slot implementation of different
shapes return loss enhancement can be achieved; also the
method is proven to be a candidate for impedance matching.
Table shows the improved results than the previous work.
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Antenna [1] Proposed Work
parameter
Year 2018 2016 2021
Author Ali HanafiahRambe Alexander e, Sakshi Jain
Svezhentsev et al.
Software Ansoft HFSS CST Microwave Studio IE3D Software
Feeding method Resonator anq Capacitive Probe feed Probe feed
feeding
. With finite ground at | With infinite ground
:\:ti)%n:gg -25dB Ant1 251508 h=1.5 mm at h=1.5 mm
Ant 1 -19dB 25.82dB 25.58 dB
With finite ground at | With infinite ground
Frequency 4.69 t0 5.10 GHz 25t04 GHz h=1.5 mm at h=1.5 mm
6.7 to 7.35 GHz 6.810 7.1 GHz
With finite ground at | With infinite ground
0
Band-width 8.4% Ant1 33% h=1.5 mm at h=1.5 mm
Ant 2 21% 9.21 % 4.31 %

Table 4.4: Validation Table

V. CONCLUSION & FUTURE SCOPE

A. Conclusion

Antenna geometry with dual ‘L’ shaped slot with finite and
infinite ground plane is presented, while considering the
effects of feed line dimension variations. Geometry has been
introduced in single layer configuration with finite and
infinite ground plane. In this thesis, geometry is simulated
with the advantages of Micro-strip Patch antenna and
microstrip slot antenna, which further enhances its
performance. Proposed thesis work is based upon the
comparison between dual ‘L’ shape on dielectric layer with
finite plane and dual ‘L’ shape on dielectric layer with infinite
plane. Antenna design is simulated with the properties of FR4
substrate (dielectric constant and loss tangent as 3.3 and
0.0019 respectively). Proposed antenna geometryis designed
to achieve size reduction by implementing slots to the patch
and impedance matching (i.e; return loss mainly). This result
in return loss of -25.82dBthrough antennawith finite ground
plane and -25.58 dB through antennawith infinite ground
plane. Our aim is to enhance the value of return loss and
bandwidth. But there is a compromise in return loss and
bandwidth parameter. Since thesis is mainly based on
impedance matching techniques, therefore return loss
enhancement is our main focus.

Probe feeding is used in this structure as a feeding
mechanism. By introducing slotted ground plane impedance
matching can be achieved, so that we can have better return
loss. It is also seen that implementation of slotted ground
results in resonant frequency shifting. It is investigated how
the micro-strip feed dimensions influence the input
impedance. The losses of dielectric substrate were also
considered. Simulation results show that design antenna is a
good candidate for ¢ band in the range of 6.7 GHz to 7.35
GHz and 6.8 GHz to 7.1 GHz. Result shows that on varying
feed location from the calculated one return loss increases,
which further can be concluded as variation in resistance and
capacitance value.

Antenna with h=1.5 mm is 89% efficient (with finite
ground plane)in transmitting the radiations in a proper
direction. Size reduction is achieved more than 50%.

Minimum VSWR is achieved 1.124 (Antenna with finite
ground plane) and 1.155 (Antenna with infinite ground plane)
at 6.966 GHz and 6.966 GHz respectively. Both the Antenna
is good candidate for C band communication. It can be used
for fixed satellite services, radar and military purposes.

B. Future scope

Based on gathered observations while completing this thesis;

topics were identified which can further be enhanced.

1) In future new designs multilayer configuration using
other shapes of slots, antenna can be developed to further
enhance the antenna parameter.

2) The value of bandwidth, return loss and other parameters
can also be improved by using LTCC dielectric material.

3) Multiband antenna can be designed using stacked
configuration of MPA by loading parasitic patches.

4) Stop band characteristics can be obtain through this
geometry with the notch implementation.

The proposed design works properly in single band
only, it can be further improved to get multi-band
characteristics.
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