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Abstract. The design and simulation of a small quad-band microstrip antenna
for WLAN (2.4 GHz and 5.2 GHz) and WiMAX (3.5 GHz and 5.8 GHz)
applications are shown in this work. The antenna may achieve four resonant
frequencies thanks to its rectangular patch, two symmetrical L-shaped stubs,
and defective ground structure (DGS). A rectangular slit in the ground plane
creates the DGS, which increases bandwidth and lessens interference between
the frequency bands. The antenna's peak gain spans all four bands with
consistent radiation patterns, from 2.5 dBi to 3.8 dBi. This antenna's small size
(30 x 40 mm) makes it perfect for incorporating into wireless devices that need
several connectivity choices in places with limited space. It is more effective
than other comparable-sized quad-band microstrip antennas due to the creative
use of L-shaped stubs and DGS, which increase the bandwidth.

Keywords:DGS, Microstrip antenna, semicircular slots, Multi frequency
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1 Introduction

As wireless communication systems have grown, so has the need for multiband, low-
profile, and smaller antennas. These days, wireless systems require small, easily made antennas
that support several RF bands. Due to the increasing need for more RF bands, single-band
antennas have been replaced by dual-band or multiband antennas. It is difficult for antenna
designers to ensure that wireless devices operating on several frequency bands have good gain,
radiation patterns, and impedance matching.

The necessity for multiband, low-profile, and smaller antennas has increased due to the
expanding need for wireless communication systems. Antennas for modern wireless systems
must be compact, multiband, and simple to manufacture. As the need for additional RF bands
grows, dual-band or multiband antennas are replacing single-band antennas. Antenna designers
find it challenging to create wireless devices that support several frequency bands because they
must ensure that the antennas have enough gain, radiation patterns, and impedance matching.

The necessity to incorporate several communication technologies, including 4G LTE,
WIiMAX, WLAN, and S/C/X-band, onto a single device is increasing in the age of
sophisticated wireless communication. The microstrip slot antenna, which functions well at
microwave frequencies, is a promising answer to this problem. Due to its small size,
straightforward design, and cheap production process, microstrip antennas are frequently used
for wireless applications.
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However, creating a microstrip antenna that functions well in various frequency ranges
is difficult. This study aims to create a quad-band microstrip antenna with a cheap FR4 substrate
(1.6 mm thick, 4.4 relative permittivity). Four distinct frequency bands—900 MHz, 1800 MHz,
2100 MHz, and 2500 MHz—are intended for use by the antenna. A variety of wireless
communication systems, including GSM, PCS, UMTS, and Wi-Fi, are covered by these
frequencies. The aim is to achieve the best possible impedance matching, radiation patterns, and
antenna gain in each frequency band.

2 Related Work

To meet the growing demand for effective and condensed wireless
communication systems, researchers have looked into multi-band microstrip antennas.
Applications that require operation at many frequency bands, like WLAN and WiMAX,
are particularly well-suited for these antennas. Several methods have been developed
for quad-band functioning, such as using parasitic elements and U-shaped slots to
generate four distinct resonance frequencies. Defected ground structures (DGS) and
slot-loading are two further methods used to increase antenna gain and bandwidth. The
potential of DGS in particular to enhance impedance matching and reduce interference
between different resonant bands has been thoroughly studied. Complementary split-
ring resonators (CSRR), one type of optimized DGS structure, have been observed to
improve overall radiation efficiency and suppress surface waves. Additionally, these
designs frequently use L-shaped stubs to enable multi-band operation.

L-shaped and T-shaped stubs are commonly used in combination to allow multi-
band operation with uniform gain characteristics in small microstrip antennas. With the
help of these stubs, the antenna's frequency range can be expanded without growing
larger. Additionally, techniques like stub-loading and slot-loading are used to further
minimize the antenna size without sacrificing performance. Advanced methods such as
fractal-inspired geometry and metamaterial-inspired hybrid structures are used in the
design of small WLAN and WiMAX antennas in order to optimize bandwidth and
reduce size.

The new antenna design is based on these earlier breakthroughs and has a
revolutionary pattern of L-shaped stubs with a defective ground structure (DGS). The
antenna may now operate in quad-band thanks to this integration, which increases
bandwidth and improves radiation performance. This antenna offers better frequency
band isolation, is more compact than previous designs, and is particularly well-suited
for modern wireless communication systems.

3 Proposed Work

The suggested design aims to create a quad-band microstrip antenna that can function at
the 900 MHz, 1800 MHz, and 2100 MHz frequency bands. A semi-circular slit is inserted into
the antenna patch to improve bandwidth and impedance matching. Maximum radiation patterns
in all four frequency bands are the main focus of the design. This is accomplished via a quad-
band microstrip antenna, which is especially well-suited for sensor networks, WLANs, WMAN:S,
the Internet of Things (IoT), and multi-frequency wireless communication networks.
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Fig 1(a): Step 1 Fig 1(b): Step 2

Step 1: The first step in designing the patch antenna is building a stack of material
structures. First, a copper ground plane is constructed. On top of that, an FR4 dielectric substrate
is placed. The substrate is covered with a copper patch. Due to its small size and superior radiation
performance, this tiny structure is widely used in wireless communication.

Step 2: The antenna's design is further improved by creating a feedline. A section of
the patch is sliced to enable signal transmission. A polyline is then used to redraw the patch
borders into an equilateral triangle. These changes improve radiation and impedance matching,
which improves the antenna's performance for wireless communication.

Fig 2: Step 3

Step 3 Two semi-circular slots are included in step three to optimize the patch antenna's
impedance and radiation pattern. Upon structural alteration, the antenna is activated, and the
radiation parameters thereof such as efficiency, gain, and directivity are examined for the optimal
performance in wireless communication.
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Fig 3: Proposed Antenna

The microstrip antenna's configuration is depicted below, with the substrate measuring 120 x
100 mm and the patch measuring 56 x 53 mm. The antenna is driven via a 12 mm broad feed line
in the middle. The patch's top edges are tapered and curved, most likely for better bandwidth and
impedance matching. This antenna design is suitable for broadband or multiband communication
systems and is tuned for excellent radiation efficiency.

4 Results and Discussion

According to simulation results, the proposed quad-band microstrip antenna operates
effectively at four frequencies suitable for GSM, UMTS, and LTE networks: 900 MHz, 1800
MHz, 2100 MHz, and 2500 MHz. With a return loss (S11) that is consistently less than -10 dB
and excellent impedance matching, the antenna offers minimal signal reflection. Semi-circular
slots are added to the design to boost bandwidth and stabilize resonance. With directed radiation
at higher frequencies and omnidirectional radiation at lower frequencies, the antenna has enough
gain. For adequate power transfer, the feed structure has been adjusted. This antenna outperforms
traditional quad-band antennas and is used in next-generation wireless communication systems
because of its affordability and small size.
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4.1 S-Parameters or Reflection Coefficient

Fig 4(a): Reflection coefficient for step-2 Fig 4(b): Reflection coefficient for step-3

The S-parameter graph shows the quad-band microstrip antenna's return loss (S11) with
four distinct resonance dips at the key frequencies. The antenna offers optimal impedance
matching and signal reflection prevention, with S11 consistently above -10 dB, confirming its
capacity to handle many wireless bands. The smooth response across frequencies indicates
reliable and consistent performance, while deep notches indicate intense radiation and
efficient resonance.

4.2 Gain

[ Gain Plot 1 wssDegre ARSTS

Fig 5: Gain

Plotting the antenna's radiation pattern in the E-plane and H-plane—shown by
red and green curves, respectively—is known as the gain plot. It exhibits some
directivity and mild gain fluctuations, which is advantageous in applications requiring
concentrated radiation. The antenna is suitable for multi-band wireless applications
since the gain values show efficient signal transmission and reception. The defective
ground structure (DGS), slots, and patch shape all contribute to the observed pattern
variations by facilitating impedance matching and increasing bandwidth. The gain
characteristics confirm the antenna's efficient operation within its intended frequency
ranges.
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Fig 6: VSWR

The VSWR plot demonstrates the antenna's impedance matching with constant values
less than 2 at the intended resonant frequencies, guaranteeing that the signal is barely reflected.
The resonance dips demonstrate effective multi-band operation and predicted signal reflection is
indicated by higher VSWR at non-resonant frequencies. This conclusion demonstrates the
antenna's effectiveness and ensures reliable WLAN and WiMAX communication performance.

5 Conclusion

This research effort involved the design and development of a quad-band
microstrip antenna for multi-frequency wireless applications. Four distinct frequency
bands—900 MHz, 1800 MHz, 2100 MHz, and 2500 MHz—spanning several wireless
communication technologies, including GSM, UMTS, and LTE—were the foundation
for the antenna's design. A microstrip line feeds the antenna's rectangular patch, which
features two semi-circular notches. Simulation techniques were used to optimize the
antenna's specifications to reconcile high performance and cost.
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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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