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Abstract. The development and design of an effective, small-size self-diplexing
antenna using Microstrip Patch Technology are given in this paper. It is
proposed to provide increased isolation, gain, frequency ratio, and
miniaturization to meet the demands of modern wireless communication
systems. Apart from achieving ideal frequency ratios for different applications,
including 5G systems, satellite communication, and radar systems, the design of
the antenna allowed the control of two frequency bands in parallel. The build
consists of an RT Duroid 5870 substrate, a high-frequency laminate. At 10 GHz,
it has a dielectric constant (&,) of 2.33 and a loss tangent (tand) of 0.0012. The
antenna is 23 x 37 x 0.787 mm?® in total. This antenna is ideal for satellite and
aerospace communication, such as satellite transceivers (4 — 8 GHz), radar
applications, and wireless communication systems (30 — 300 GHz). High
performance and self-diplexing capabilities for dual-frequency communication
applications are confirmed by the findings of the small self-diplexing antenna
with an “I” shaped slot on the patch.

Keywords: Radar systems, Satellite transceivers, Self-diplexers, Isolation,
Frequency ratio, and Microstrip patch technology.

1 Introduction

In the majority of real communication systems and applications, antennas have a central
position. They are used for sending and receiving electromagnetic waves [1] in the
communication system. Microstrip patch antennas, because they are cost effective,
portable, and small in size, are picking up speed with the development of modern-day
technologies [2] . Multi-band and multifunction wireless communication system
antenna circuits are also gaining prominence with rising demand. Small-size,
multiband, and high-performance antennas are needed in sophisticated communication
systems [3]. The traditional designs are single-mode and incorporate extra multiplexers,
and hence they involve cost, complexity, and power consumption. Self-diplexing
antennas, which allow dual-mode functionality without multiplexers, are suggested as
replacements for these limitations [4]. Microstrip patch antennas can be used in satellite
systems because they are small in size, have high performance, and allow tuning to be
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controlled. With this method, the quality of service and channel capacity are enhanced
in dynamic wireless systems [5].

2 Related work

Current models and design methods of self-diplexer antennas are introduced in this
section. Literature reviews analyze previous research, research articles, and
publications on various methods for antenna isolation and diversity enhancement for
designing a self-diplexer antenna. It is designed to provide background information,
indicate gaps in knowledge, and suggest ways to enhance and advance the design of
small self-diplexing antennas.

For the sake of providing better performance characteristics and self-diplexing
features for use with dual-frequency communications, A. Sai Vinay et al. [1] suggested
cavity-backed self-diplexing antenna for WLAN and C-band applications using a plus-
shaped slot on the patch.

[2] Divya Chaturvedi and associates Excellent antenna diversity
characteristics, such as a correlation value of 0.13 and a diversity gain of 9.9dB, are
provided by this design together with adequate isolation. The antenna is a viable
wireless communication solution because of its small size, excellent performance, and
simplicity of construction.

Igbal Amjad et al. [3] It is made for radio frequency components that are small,
flat, and have independent frequency control and good isolation. Ultra-miniature size
(0.08),41% size reduction compared to traditional designs, and capability to operate in
dual bands without multiplexers are some of its major advantages.

According to a paper by D. Deslandes et al. [4], the main purpose of employing
an arc projection technique to miniaturize the size of a circular patch microstrip antenna
is to minimize the size of the whole antenna without affecting its performance
parameters, including radiation pattern, gain, and bandwidth.

C-F. Chen et al. [5] suggested creating a small, effective antenna that can use
a single patch construction to broadcast or receive signals with two orthogonal
polarizations at the same time. The antenna’s polarization capabilities are made more
complex and useful by the cross-shaped structure.

Designing an antenna that can function on several frequency bands, including
L-band, S-band, C-band, X-band, and Ku-band, is the main goal of Hadef Ahmed
Alshamsi et al. [6]. Enhancing antenna performance and achieving multiband operation
through the use of a stacked patch design.
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3 Proposed Work

Figure 1 illustrates the development of the suggested antenna. In order to improve its
performance, the antenna design underwent iterative design and measurements are 15
x 30 x 0.035 mm®. A rectangular patch is applied to the substrate in the following step.
The antenna does not, however, resonate in the necessary band. Slits and slots, as

shown, are used to address this.

]
I

Fig 1(a) Fig 1(b)

The antenna is designed using a 22.75 x 37 x 0.787 mm? RT Duroid material substrate,
the dielectric substance known as the substrate gives the antenna the support and
isolation it needs. The copper ground plane of dimensions 22.75 x 37 x 0.035 mm? is
integrated.

Fig 1(c)

Fig 1: Evolution of the Antenna Design.

We deposit a copper patch of dimensions 15 x 30 x 0. 035 mm?® over the substrate. The
patch is the principal radiating element of the antenna, and its size and shape determine
the radiating pattern of the antenna, operating frequency, and other characteristics. To
obtain the desired antenna performance, the shape and size of the slot are considered
seriously. The design of the antenna is appropriate for contemporary wireless
communication systems because it tries to reduce size while being effective in operation
in two frequency bands.
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Fig 2: Dual port I shape antenna design.
4 Results and Discussion

4.1 S-Parameters or Reflection Coefficient

The reflection coefficient of a device or component in an RF system is referred to the
Si1 and Sy, characteristics. It shows how much power is incident on the device or
component and how much power is reflected from it. Figure 3 represents the S;; and
Sy, parameters of the antenna. It implies that the antenna can be used in applications
related to the C band as it is capable of both 6.3 GHz and 6.5 GHz.
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4.2 Isolation

In a multi-port antenna system, isolation is the degree of separation or the antenna’s
capacity to avoid interference or undesired coupling between various ports, elements,
or channels. It is commonly used to determine how effectively signals received or
transmitted by a single port or device are isolated from others and are less susceptible
to interference and cross-talk among them. Isolation is a significant parameter to
prevent interference between signals from different antennas.

=20 4

-30

Isolation (dB)

40

=50

oW —
3.0 3.5 4.0 45 5.0 55 6.0 6.5 70 7.5

Frequency [GHz]

Fig 4: Isolation
4.3 Gain

At the working frequencies of 6.3 and 6.5 GHz, the gain of the suggested antenna with
an I-shaped slot was measured. According to figure 5, the measured gain was 3.7 dBi
at 6.3 GHz and 0.6 dBi at 6.5 GHz. These findings indicate that the antenna structure
proposed here can offer high gain for both of the operating frequencies, which is crucial
for many real-world applications.
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Fig 5A: Gain (3.7dB) Fig 5B: Gain (0.6dB)

44 VSWR

The power transfer efficiency of a transmission line to an antenna is quantified by the
voltage standing wave ratio, or VSWR. It is a crucial factor in the performance and
design of antennas. An antenna system’s Voltage Standing Wave Ratio (VSWR) can be
calculated as follows:

VSWR = (1+|T[)/(1-|T)
FZ(ZL*ZO)/(ZL+ Z())

Where ZL is the load’s(antenna’s) impedance. The transmission line’s characteristic
impedance, or Z0, is typically 50 ohms.
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Fig 6: VSWR
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5 Conclusion

A compact self-diplexer antenna with an I-shaped slot utilizing microstrip patch
technology has been successfully developed. The antenna design delivers high-
performance parameters and self-diplexing properties for use in dual-frequency
communication devices. The antenna is doubly resonant. The resonating frequencies
are 6.3GHz and 6.5GHz, with the corresponding gains being 3.7dBi and 0.6dBi. The
newly designed high isolation and gain version is perfectly adapted to various
applications of C-band communication systems such as wireless, satellite
communication systems, and radar systems.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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