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Abstract—In this paper a novel design of microstrip fed L-shaped arm slot and notch loaded RMPA
(Rectangular Microstrip Patch Antenna) with mended ground plane for wide bandwidth is presented.
The proposed prototype antenna is fabricated on an FR-4 (Fire retardant) substrate with dimension
30 x 30.8mm? and 1.6mm thickness. The proposed design is analyzed and simulated using high
frequency structure simulator (HFSS) tool version 15. The analysed results are validated through
fabrication and measurement results. The analyzed result shows 96.1% maximum radiation efficiency
at 2.9 GHz whereas overall efficiency is more than 85% over the entire frequency range, and experiment
achieves gain 8.4 dB at 7 GHz. The designed antenna achieves 119.39% impedance bandwidth with more
than 5dB gain over the operating frequency range of 2.41 GHz to 9.55 GHz. For better performance
and analysis of proposed antenna, a parametric study has been carried out to analyze the effects of
variations in the following-slot and notch dimensions loaded on the patch as well as variations in ground
length. The designed antenna can be utilized for various applications incorporating Bluetooth, WLAN,
Wi-Max, and UWB operation.

1. INTRODUCTION

Microstrip Patch Antennas (MPAs) have prominent position in modern wireless communication
technology or ultra-wide band (UWB) applications because of their salient attributes like thin profile,
light weight, low cost and can be mounted to any host surfaces. MPA also suffers from some limitations
such as constricted bandwidth, lower gain, and poor efficiency [1,2]. Several designs and techniques
of MPAs are investigated for enhancing impedance bandwidth such as different types of feedline, slots
and notches in radiator, through stacking and multilayer structures by the researchers and scientists in
past several decades [3,4]. In last few years, monopole microstrip patch antennas with defected ground
structure (DGS) become more popular to overcome these limitations due to their facile geometry.
Microstrip fed monopole antennas are presented for bandwidth expansion using bevel technique [5, 6]
and double U-slot loaded DGS trapezoid patch monopole antenna with very large dimension [7]. In [§8], a
(CPW) coplanar waveguide fed 34 x 34 mm? monopole MPA has been demonstrated for UWB application
with a low loss dielectric substrate. Several designs of patch antennas with mended ground plane are
also presented for large operated bandwidth [9-14]. Some papers are reported in the literature where
various techniques are used to achieve better radiation pattern, UWB, and current distribution over the
radiating elements such as a coplanar wave guide fed monopole antenna using defected substrate [15],
rhombus strip bounded annular ring antenna derived by microstrip feedline using DGS [16], compact
U shaped modified circular ground plane antenna [17], curved slot loaded rectangular patch monopole
MPA [18], microstrip fed monopole antenna by using beveled technique in ground plane [19], round
steps on the corner loaded rectangular MPA [20], a modified rectangular patch monopole MPA [21],
symmetrical hexagonal radiator monopole antenna [24], asymmetrical U-shaped patch loaded with

Received 20 May 2019, Accepted 1 August 2019, Scheduled 25 August 2019
* Corresponding author: Mukesh Kumar (mukesh044@gmail.com).
The authors are with the University of Allahabad, India.



48 Kumar et al.

T-shaped strip monopole antenna [25], circularly polarized MPA with different feeds and radiating
shapes [23, 27, 28] for bandwidth expansion. Additionally, the impacts of metallic and dielectric wedges
are explored to improve radiation attributes [29-31]. They have also derived an expression for physical
instinct about the utilization and function of anisotropy parameters, which cover a variety of inverse
problems of practical interest existing inside an electromagnetics laboratory such as parts of waveguides,
antennas, and reflectors.

The aim of proposed design is based on a monopole antenna structure and above mentioned
literature to study how to overcome the limitation of narrow bandwidth and achieve better gain. In this
paper, a pair of L-shape arm slots and a notch loaded RMPA are studied and analyzed. The proposed
antenna is derived from a microstrip feedline by selecting proper positions and dimensions of slots
and notches on the radiator with finite ground plane for improving the bandwidth (BW) and gain. A
parametric variation is also studied for geometrical extension. The simulated and experimented results
agree well. A brief comparison is reported in Table 1 between the proposed and some previously designed
monopole antennas. The proposed design is compared with different designs in which substrates and
feeding mechanisms are same. The proposed design shows 119.39% bandwidth, 96% efficiency, and
more than 8 dB gain which show better results from the compared references. But [26] presents better
bandwidth and low gain in comparison to the proposed design.

Table 1. Comparison with previously designed monopole type antennas.

Dimensions Bandwidth | Maximum | Efficiency | Feeding L.
Ref. 3 . Applications | Substrate
(mm?®) (%) Gain (dB) (%) Method
Ref. [15] 36 x 42 x 1.6 100% 6.08 88 CPW C and X band FR-4
Microstri
Ref. [16] | 25 x 38 x 1.6 86.71 2.85 Not Given “;Ob P WLAN/WIMAX | FR4
me
Mi tri
Ref. [18] | 50 x 55 x 1.5 109 48 Not Given 1?0s P WLAN/WIiMAX |  FR-4
me
Microstrip
Ref. [19] | 30 x 28 x 0.8 112 3.76 98 ) UWB FR-4
Line
. Microstrip
Ref. [20] 30 x 35 x 1.6 109.5 6 Not Given Li UWB FR-4
me
Microstrip
Ref. [21] 20 x 25 x 1.5 110.79 5.1 89 . UWB FR-4
Line
5111 Mi i wireless
Ref. [23] 49 x 55 x 1.5 106.3 e Not Given 1cr.os P | communication FR-4
than 8 Line
systems
Microstri short band
Ref. [24] | 20 x 25 x 1.6 118.8 5.1 Not Given “E,Ob P radio wave FR-4
e
o communications,
Microstri Bluetooth,
Ref. [25] | 34 x 20 x 1.6 107.35 491 70 ICLr_Ob P WLAN, FR-4
e Wi-Max etc.
Less Microstri LTE2600, Rogers
Ref. [26] |52.25 x 42 x 1.575|  167.22 o5 Not Given | """ | Wi.Fi, WLAN | RT duroid
than 4.5 Line
and UWB 5880
Mi i Bluetooth,
Proposed| 30 x 30.8 x 1.6 119.39 8.44 96.1 “E,OS P WLAN, Wi-Max, | FR-4
e S and C band
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2. ANTENNA GEOMETRICAL CONFIGURATIONS

The designed antenna is fabricated on an FR-4 substrate with dielectric constant €, = 4.4 and loss
tangent tand = 0.02. The optimized length and width of patch are 18.64 mm and 28.12mm with
1.6 mm substrate height. The dimension of substrate and length of ground conductor is considered as
30 x 30.8 mm? and 9.8 mm, respectively. For proper impedance matching, a 50 €2 microstrip line is used
to energize the patch. The configured geometry of designed antenna is shown in Figure 1.

=
Y
=
Jﬁ L'
Figure 1. Proposed antenna design configura-  Figure 2. Dimensions of fabricated antenna.

tion.

The structure of the designed antenna is tuned on the basis of optimization, and the work is carried
out by using Ansoft’s High Frequency Structure Simulator (HFSS) tool. The details of geometrical
specifications of fabricated antenna are provided in Table 2. The fabricated model of designed antenna
is demonstrated in Figure 2.

Table 2. Optimized geometrical specifications of proposed antenna.

Parameter Ws | Ls | Wp Lp Sw St Wg | Lg
Dimension (mm) | 30 | 30.8 | 28.12 | 18.64 | 1.87 | 15.82 | 3 9.8
Parameter Ly | hu | Wy h L1 L2 L3 | L4
Dimension (mm) | 3 2 0.5 1.6 | 75 | 281 | 7.5 | 3.75

3. ANTENNA DESIGN PROCEDURE AND PERFORMANCES

Development of the proposed antenna has been introduced in four steps as demonstrated in Figure 3,
and its performance in terms of simulated reflection coefficient (S11) is indicated in Figure 4. In the
first step, single band (3.20-4.42 GHz) with 32.02% of impedance bandwidth is obtained, when an
RMPA with symmetrical equilateral arm U-slots loaded on a finite ground conductor is considered.
In the second step, when symmetrical I-slots are included in the planar patch for excitation of lower
order resonances, dual bands (3.1-3.85 GHz and 3.91-4.52 GHz) are found with 21.58% and 14.47%
of impedance bandwidths. In the third step, symmetrical tilted L-slots are loaded in patch section,
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Step 01
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Figure 3. Development of antenna design steps.
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Figure 4. Simulated reflection coefficient of Figure 5. Simulated reflection coefficient of

different iterations. different steps.

which helps to shift the frequency in the lower operating band (3-4.62 GHz) with 42.51% impedance
bandwidth. Better impedance matching is achieved with lower order resonance, when symmetrical
notches are added in the patch section in the next step. It provides 119.397% bandwidth over the

frequency range of 2.41-9.55 GHz, which is the final step of the proposed antenna.
For the final step, 03 iterations are considered with the performance in terms of reflection coefficient

which is indicated in Figure 5. In the 1st iteration, when the symmetrical single step notch is added in
the third step, the frequency is shifted in lower operating band (2.85-5.6 GHz) with 65.08% impedance

bandwidth.
In the 2nd iteration, when double step notches are added, the dual bands are obtained at 2.7—

7.2 GHz and 8.15-9.8 GHz with 90.9% and 18.38% of impedance bandwidth. In the 3rd iteration, the
large operating band at 2.41-9.55 GHz with 119.39% impedance bandwidth is achieved, which is the

final iteration of the designed antenna.

3.1. Parametric Study of Proposed Antenna

The impacts of various parameters are studied and investigated, which are accountable for antenna
characteristics. Figure 6 shows the variation of simulated reflection coefficient with different parameters
such as ground length (Lg), slot width (Sw), L1 (length of notch side 1), L2 (length of notch side 2),

L3 (width of notch side 1), and L4 (width of notch side 2).
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3.1.1. Effects of Ground Length (Lg)

The impact of reflection coefficient for different estimations of ground length (Lg) with other fixed
optimized parameters is introduced in Figure 6(a). Ground length is shifted from 9mm to 11 mm with
0.4 mm interim, and at the ideal estimation of 9.8 mm, we accomplish better impedance matching which
provide improved bandwidth. Further variations in ground length degrade both impedance matching
and bandwidth.

3.1.2. Effects of Slot Width (Sw)

Examining the variation of slot width (Sw) is carried out with other fixed optimized parameters.
Figure 6(b) demonstrates the relating reflection coefficient. Slot width is varied from 0.87 mm to 3.87 mm
with an interval of 1 mm. The impedance matching and bandwidth are slightly varied with slot width.
The overall bandwidth achieves 6.95 GHz, 7.14 GHz, 7.05 GHz, and 6.9 GHz for the slot widths 0.87 mm,
1.87mm, 2.87 mm, and 3.87 mm, respectively. At optimum value of 1.87 mm, improved bandwidth is
achieved.

3.1.8. Effects of L1

Figure 6(c) indicates the impact of reflection coefficient for different values of L1. The volumes of other
optimized elements are fixed. The length of “L1” is changed from 6.5 mm to 8.5 mm with an interval
of 0.5 mm. The overall impedance bandwidth is slightly increased (6.9 GHz, 6.95 GHz, and 7.14 GHz)
as “L1” is increased from 6.5mm to 7.5mm. When “L1” is extended from 7.5mm to 8.5mm, the
frequency band is slightly shifted towards higher order resonance with 7.05 GHz impedance bandwidth.
The maximum bandwidth is obtained at L1 = 7.5 mm.

3.1.4. Effects of L2

The variation of reflection coefficient for different estimations of L2 with other fixed streamlined
parameters is discussed in Figure 6(d). When the length of “L2” is shifted from 0.81 mm to 3.81 mm with
1 mm gap, various frequency bands are observed. At the length of “L2 = 0.81 mm”, antenna radiates
just over the frequency scope of 2.45 to 6.05 GHz. It is found that the antenna shows dual frequency
bands from 2.45 to 6.7 GHz and 7.65 to 8.05 GHz, if the range of “L2” is increased by 1mm. As the
range of “L2” is further increased from 1.81 mm to 2.81 mm and 2.81 mm to 3.81 mm, the frequency
band is obtained at 2.41 to 9.55 GHz and 2.45 to 9.5 GHz. At the ideal estimation of “L2 = 2.81 mm”,
a superior impedance matching is accomplished.

3.1.5. Effects of L3

Figure 6(e) exhibits the impact of reflection coefficient on the antenna execution for different estimations
of L3. The components of other optimized parameters are considered fixed. When the range of “L3” is
differed from 1.75 mm to 4.75 mm with the interval of 1 mm, various frequency bands are obtained at
2.45 to 8.25 GHz, 2.45 to 8.85 GHz, 2.41 to 9.55 GHz, as well as 2.4 to 5.35 GHz and 6.2 to 10 GHz. At
the optimum width of “L3 = 3.75 mm”, a better impedance matching is achieved.

3.1.6. Effects of L4

The impact of reflection coefficient for different widths of L4 with other optimized parameters is
demonstrated in Figure 6(f). Different frequency bands are obtained, when the range of “L4” is differed
from 1.75mm to 4.75mm. The dual frequency behaviour is found at 2.5-3.85 GHz and 8.5-8.85 GHz,
2.5-4.1 GHz, and 8.35-8.65 GHz for “L4 = 1.75mm and 2.75 mm”. As the value of “L4” is further
increased (from 2.75 to 4.75 mm), it is seen that the estimation of “L4 = 3.75mm” offers superior
impedance matching.

From Figure 6, parametric variations of different dimensions of the proposed antenna are studied
and observed, and the gap between radiation patch and ground plane length (Lg) plays an important
role for obtaining wide band features. The length of the ground plane controls the coupling between the
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ground and the patch. It acts as an additional impedance matching network. The gap size influences
the impedance matching, and hence placing symmetrical notches (L1, L2, L3, and L4) at the bottom of
the patch, results in smooth transition from one resonant mode to another resonant mode and ensuring
good impedance match over a operating frequency range 2.41 to 9.55 GHz.

4. RESULTS AND DISCUSSIONS

The proposed antenna is fabricated on an FR-4 substrate using a CNC machine, and measurement is
carried out using Agilent Vector Network Analyzer E5071C. Figure 7(a) demonstrates the correlation
of simulated and measured reflection coefficients of the proposed antenna. The simulated and measured
results are slightly shifted due to fabrication tolerances and software limitations in terms of modelling
and simulating over a large bandwidth. Figure 7(b) exhibits the comparison of simulated and measured
voltage standing wave ratios (VSWRs) of the proposed antenna. For the entire frequency range of
simulation and measurement at 2.41-9.55 GHz and 2.70-10 GHz, VSWR is maintained with less than
two (VSWR < 2). There is a good correlation between measured and simulated results. Figure 7(c)
shows the comparison of simulated and measured gains of the proposed antenna. Gain is measured
by two antenna method [22] by using horn antenna and proposed prototype antenna in an anechoic
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Figure 7. Comparison of simulated and measured results of the proposed antenna for (a) Sii, (b)
VSWR, (c) gain, (d) radiation efficiency.
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chamber. The maximum measured gain of 8 dB at 7 GHz is achieved. Figure 7(d) shows the comparison
of simulated and measured radiation efficiencies (%) of the proposed antenna. More than 85% radiation
efficiency is achieved for the entire operating band.

At higher frequencies, dielectric loss increases which causes reduction in radiation efficiency.
Figures 8(a) and (b) show the measured results of reflection coefficient and VSWR on VNA. VNA
and anechoic chamber setup for the proposed antenna are shown in Figures 8(c) and (d).
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Figure 8. (a) Measured reflection coefficient, (b) measured VSWR on VNA, (c) VNA setup and (d)
antenna snap in anechoic chamber.

Figures 9(a), (b), (c), and (d) show the simulated 2D radiation patterns of the proposed antenna,
and the co-polarization and cross polarization for E-plane and H-plane at resonating frequencies of
2.85 GHz, 4.55 GHz, 7GHz, and 8.5 GHz are shown, respectively. The maximum cross-polarization
level is —19.8dB and —41.4dB, —17.3dB and —41.7dB, —20.6dB and —35.8dB as well as —20dB
and —35.1dB at 2.85 GHz, 4.55 GHz, 7 GHz, and 8.5 GHz respectively for F-plane and H-plane. The
cross-polarization values are 17-20 dB and 35-42 dB lower than the co-polarized values for E-plane and
H-plane, respectively.
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5. CONCLUSION

A compact microstrip fed L-shaped arm slot and notch loaded RMPA (Rectangular Microstrip Patch
Antenna) with the mended ground plane is presented for wide-band applications. In this article, wide
bandwidth is achieved by proper loading of slots and notches with improved gain. The measured result
proves that the proposed antenna exhibits good impedance matching, VSWR lies below 2 and above 1
in magnitude, high gain and more than 85% of radiation efficiency over the entire frequency band. The
simulated and experimented results are validated over the operating frequency range of 2.41 GHz to
9.55 GHz and agree well. From a collective view of radiation patterns, the antenna acts correspondingly
to the normal printed monopoles, which is suitable for wide-band applications.
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