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Abstract: The fundamental component in any communication system are antennas, they
facilitate conversion of electrons to photons or vice-versa. The increasing traffic of mobile-
devices have led to the need for multi-band antennas which can operate at multiple frequencies.
Microstrip patch antennas are a great innovation as they facilitate for the antennas to be printed
on a circuit board, they are light weight and offer ease of fabrication. Microstrip antennas can
be rectangular, circular, elliptical or any other regular form but the most commonly used are
circular and rectangular. In this research a circular (E-Shaped) antenna is proposed and it
operates in multiple bands. Usually microstrip antennas like Kotch array, Sierpinski array are
used but in many modern circuits space is limited, an antenna is designed in E-Shape in
combination with closed ring resonators to achieve the multiband functionality. The four
frequencies in which the proposed antenna works are 6.321 GHz, 7.729 GHz, 10.08 GHz and
12.63 GHz, it shows operation in C-band, X-band and Ku-band. Keysight Advanced Design
System (ADS) software is used to create and simulate the proposed model. Circuit board FR4
(Flame Retardant 4) is used for designing this patch antenna as it depicts fabulous performance
during fabrication process. Finally, by optimizing the best performance parameters like gain,
directivity and radiation efficiency are achieved.

Keywords: Antenna, Circular E-shaped, Rectangular Shaped, Microstrip Patch Antenna,
Radiation Pattern, Directivity

INTRODUCTION

Multiband antennas play an important role in the field of wireless communication because of
its capabilities to operate in multiple frequency bands for different wireless devices such as
Global System for Mobile (GSM), Wireless Local Area Network (WLAN), Worldwide
interoperability for Microwave Access (Wi-Max) and Wireless Fidelity (Wi-Fi) [1]. A
microstrip antenna is a patch of metal on top of grounded substrate that is normally rectangular
or circular (other forms are also utilized) [2]. Microstrip patch antenna has a microstrip-line,
electromagnetically coupled (EMC) and co-axial probe is used for the purpose of feeding
technique [3]. Some of the advantages of patch antenna are Low weight, low profile planar
configuration, low fabrication costs, microwave integrated circuits technology [4].

Wireless communication system, medical field applications, cellular phones, Global
Positioning System (GSM), radar systems, military systems like rockets, aircraft missiles, etc.,
satellite communication are some of the major applications of E-Shaped microstrip patch
antenna [5]. There had been numerous developments in the field of wireless communications,
especially in the field of Tele-Health, monitoring and warning system [6], and due to its
compact size, it is popular in mobile-phones.
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Designing of microstrip patch antenna can be done using various feeding techniques. Main
components of a microstrip-patch antenna are substrate, patch, ground plane and line-fed [7].
The substrate of microstrip antenna is responsible for its mechanical strength [8]. The Fractal
antenna arrays like Kotch Array, Sierpinski Array are also used to achieve multi-band
operations [9-10], but the fractal antenna has increased design complexity. Patch antenna are
easy to design, light weight, field area spreading over substrate and substrate is cost economical
[11]. Microstrip antenna topologies have been centre of focus for making millimeter wave
monolithic integrated circuits for radar, communication and microwave applications [12].
Electromagnetic field used to track the storm systems by radar are in air-traffic control, air-
craft navigation, marine navigations, topographical mapping of earth [13].
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Fig. 1(a): Basic Structure of Microstrip Patch Antenna

In this paper a circular E-shaped microstrip patch antenna is designed and simulated using the
Keysight Advanced Design System (ADS) software is designed and simulated. For design the
substrate used is FR4 having a thickness of 1.6 mm and dielectric constant 4.4. The paper
includes the simulated results and various obtained parameters during simulation in ADS
software.

ANTENNA DESIGN

Choice of Substrate: It is important to choose the right substrate as it is to select the design.
The substrate plays determining role in radiative properties of the antenna. Several aspects such
as dielectric constant, thickness, loss tangent are taken into consideration while selecting the
substrate. To start the radiation, the dielectric should be low as feasible but to improve a
impedance bandwidth a thicker substrate may be preferred. Though, thin substrates attract the
loss of accuracy but they are used by most of the microstrip antenna models so, substrates
which depict loss at higher frequency should avoided during fabrication.

Generally, for a substrate at highest point height is typically 0.003 20 < h < 0.05 A0 [2]. The
dielectric constant of substrate, denoted by letter €r, typically of the range 2.2 < €r < 12 [2].
For the proposed model, the substrate selected is FR4 (Flame Retardant 4) with thickness (h)
of 1.6 mm and dielectric constant (€r) of 4.4.

For the proposed antenna the dimensions of ground plane are 41.99 mm x 26.70 mm, it is the
same for the FR4 substrate.
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The antenna is designed and stimulated using- Advanced designing system software. Slots are
made in the patch to obtain multi band characteristics. Figure 2 shows the layout structure of
proposed filter.

Fig. 2: Structure of proposed layout

Table 1: Value of different parameters.

Parameters a b c d e f
Value (mm) 3.100 1.508 4.600 4.500 5.700 5.400
Parameters g i j k 1 m
Value (mm) 6.100 5.400 0.100 22.500 24.100 2.600
Parameters n P q r S t
Value (mm) 4.000 5.100 2.600 13.200 4.00 11.500
Parameters u v w
Value (mm) 3.900 11.300 11.400

The input port is connected at the bottom of the feed whose length and width are 11.4 mm and
3.9 mm respectively. In the E-structure, two cuts of width 0.100 mm are made.
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General Mathematical Formulae Used
For E-Plane (m = 90°)

, (7]
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For H-Plane (7w = 90°)
Sin (RL X sin (Q) )
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where, E(6) is the electric field in the E-plane,
H(D) is the magnetic field in the H-plane
0 is the polar angle in the E-plane
dis the azimuthal angle in H-plane
k is the free-space wave number
A is the wavelength
L is the effective length of microstrip patch
1, is current on antenna

SIMULATION RESULT

By simulating the design, four different resonant frequencies are obtained as shown in fig. 3.
The four resonant frequencies are 6.321 GHz, 7.729 GHz, 10.08 GHz and 12.63 GHz
respectively.
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Fig. 2: S11 parameter of designed antenna
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Fig. 3(a): Magnitude Plot
Fig. 3(b): Phase Plot

Return Loss: The ADS simulations assist in acquiring information regarding antenna’s
reflection coefficients. As just one probe is employed, other than S11 parameter, all coefficients
will be zero, the S11 represents input reflection coefficients. The performance of proposed
patch antenna is understood by looking at S11. As simulated, fig. 2 shows that antenna
resonates at 6.371 GHz, 7.729 GHz, 10.08 GHz, 12.63 GHz with minimum magnitude of -4.36
dB, -6.929 dB, -9.037 dB, -13.546 dB respectively. The related phase fluctuation with
frequency is shown in fig. 3(b).

Directivity: The amount to which an antenna focuses energy in a particular direction is known
as its directivity and directivity (D) is directly proportional to gain (G), as all antennas emit in
all directions, gain is defined as amount of power that may be gained in one direction at expense
of power lost in all other directions. The graph for directivity is shown in fig. 4.
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Fig. 4: Graph obtained for directivity
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Current Distribution: Current distribution graph for the proposed structure can be obtained
using the ADS software and fig. 5 shows the current distribution graph. If change occurs in the
current distribution, it changes the performance characteristics of antenna.

Fig. 5: Current Distribution Graph

Efficiency: It is defined as the ratio of antenna to the radiated power accepted by it. For the
proposed antenna structure, Fig. 6 shows the graph of efficiency with varying frequency.
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Fig. 4: Efficiency pattern

For an antenna, it is the 3D Graph that shows that how the antenna radiates

energy into space. A normalized radiation pattern is represented, as obtained from simulation.
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Fig. 5(a): Radiation Pattern — 1
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Fig. 5(b): Radiation Pattern — 2
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Fig. 5(c): Radiation Pattern — 3
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Fig. 5(d): Radiation Pattern — 4

Various Parameters of Antenna

ﬂ Antenna Parameters X 1
Frequency (GHz) 13.6667
Input power (Watts) 0.00213023
Radiated power (Watts) 0.00213023
Directivity(dBi) 11.9993
Gain (dBi) 11.9993
Radiation efficiency (%) 100

Maximum intensity (Watts/Steradian) 0.00268623

Effective angle (Steradians) 0.79302
Angle of U Max (theta, phi) 1 10
E(theta) max (mag,phase) 0.230021  37.359
E(phi) max (mag,phase) 1.40394 42,9296
E(x) max (mag,phase) 0.0286501 -86.9403
E(y) max (mag,phase) 1.42237 42.7735
E(z) max (mag,phase) 0.00401443 -142.641

x|

Fig. 6: Window showing parameters of antenna
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CONCLUSION AND DISCUSSION

Microstrip patch antenna is simple to design due to its high sensitivity at high gain. In this
paper a multiband circular (e-shape) antenna was designed which resonates at 6.371 GHz,
7.729 GHz, 10.08 GHz, 12.63 GHz frequency. Low return loss was achieved which infers that
the design is very efficient and it has a negligible power loss. The antenna is thin, compact with
a material of very low dielectric constant substrate material. In this research, the return loss of
all four frequencies lies between the range of -4.3 dB to -13.5 dB which is less than the previous
work [1]. The proposed antenna is capable of operating in C-band (6.371 GHz, 7.729 GHz),
X-band (10.08 GHz) and Ku-band (12.63 GHz). These obtained bands are useful in many
applications including satellite communication, radar systems, wireless broadband, microwave
links, remote sensing applications, television broadcasting, data transmission in space and
military communication and the multiband use is very promising for future applications.

e The C-band is primarily useful in for satellite communication and can be highly useful
in areas with tropical rainfall.

e The X-band is primarily used by military in radar applications including air-traffic
control, maritime vessel control, defence tracking, weather monitoring and vehicle
speed detection by law enforcement agencies.

e The Ku-band is primarily used in Europe for satellite communication for direct
broadcast services.

For future, other shapes of slots can be implemented to attain better effect of various parameters
and make the size of antenna more compact.

REFERENCES

[1] Prasad, Lalbabu & Boddu, Ramesh & Kumar, K. & Vinay, K.. (2018). Design and
Implementation of Multiband Microstrip Patch Antenna for Wireless Applications. Advanced
Electromagnetics. 7. 104-107. 10.7716/aem.v7i3.646.

[2] Hossain, Md. Imran & Ahmed, Md & Kabir, Md. (2022). Design of Rectangular Microstrip
Patch Antenna at 3.3 GHz Frequency for S-band Applications. International Journal of
Engineering and Manufacturing. 12. 46-52. 10.5815/ijem.2022.04.05.

[3] Rajan S, Dr-Palanivel & Vivek, C.. (2019). Analysis and Design of Microstrip Patch
Antenna for Radar Communication, SPRINGER PUBLICATION. Journal of Electrical
Engineering and Technology. 14. 1-7. 10.1007/s42835-018-00072-y.

[4] Khidre, Ahmed & Lee, Kai-Fong & Elsherbeni, Atef. (2013). Circular Polarization
Reconfigurable Wideband E-Shaped Patch Antenna for Wireless Applications. IEEE
Transactions on Antennas and Propagation. 61. 960-964. 10.1109/TAP.2012.2223436.

[5] Narendra BP (2013) Microstrip patch antenna design for GPS application using ADS
software. J Inf Knowl Res Electron Commun Eng 2(2):110-115

[6] Rajan S, Dr-Palanivel & Sukanesh, R. & Vijayprasath, S.. (2012). Analysis and effective
implementation of mobile based Tele-alert system for enhancing remote health-care scenario.
Healthmed. 6. 2370-2377.

PAGE NO: 340



Journal of Systems Engineering and Electronics (ISSN NO: 1671-1793) Volume 35 ISSUE 1 2025

[7] G. Klatt et al., "High-Resolution Terahertz Spectrometer," in IEEE Journal of Selected
Topics in Quantum Electronics, vol. 17, no. 1, pp. 159-168, Jan.-Feb. 2011, doi:
10.1109/JSTQE.2010.2047635

[8] Ramesh Garg, Prakash Bhartia, Inder Bahl, Apisak Ittipiboon, “Microstrip Antenna Design
Handbook”, Artech House, Boston, London, pp.759-768, 2001.

[9] Gupta, Manisha & Mathur, Vinita. (2017). Koch fractal-based hexagonal patch antenna for
circular polarization. TURKISH JOURNAL OF ELECTRICAL ENGINEERING &
COMPUTER SCIENCES. 25. 4474-4485. 10.3906/elk-1702-295.

[10] Prasad, L., Ramesh, B., Kumar, K. S. R., & Vinay, K. P. (2018). Design and
Implementation of Multiband Microstrip Patch Antenna for Wireless Applications. Advanced
Electromagnetics, 7(3), 104-107. https://doi.org/10.7716/aem.v7i3.646

[11] Ge, Lei & Luk, K.M.. (2014). A Band-Reconfigurable Antenna Based on Directed Dipole.
Antennas and Propagation, IEEE Transactions on. 62. 64-71. 10.1109/TAP.2013.2287520.

[12] C. Viahnu Vardhana Reddy, Rahul Rana, “Design of Linearly Polarized Rectangular
Microstrip Patch Antenna Using IE3D/PSO, Department of ECE, National Institute of
Technology, Rourkela, 2009.

[13] K. Noguchi, H. Rajagopalan and Y. Rahmat-Samii, "Design of Wideband/Dual-Band E-
Shaped Patch Antennas With the Transmission Line Mode Theory," in I[EEE Transactions on
Antennas and Propagation, vol. 64, no. 4, pp. 1183-1192, April 2016, doi:
10.1109/TAP.2015.2498938

PAGE NO: 341



