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I.INTRODUCTION

Wireless communication has experienced remarkable growth in recent years due to the widespread use of
smartphones, cloud services, and smart technologies. With billions of devices connected to the internet, there is an increasing
demand for faster data speeds, reliable connectivity, and minimal delay. The exponential growth in wireless communication
has led to the development of advanced technologies such as 5G, which offers higher data rates, reduced latency, and
increased connectivity.

Conventional communication systems are no longer sufficient to meet the growing demand for bandwidth and
performance [1]. A key component in achieving efficient wireless communication is the antenna. The performance of the
antenna significantly affects signal transmission, coverage, and overall system reliability. Unlike earlier generations, 5G
operates over a wide range of frequencies, including sub-6 GHz bands (such as 3.5 GHz) and millimeter-wave bands (such
as 28 GHz and above). The sub-6 GHz band provides better coverage and penetration, while millimeter-wave frequencies
offer higher bandwidth and data rates but suffer from higher propagation losses [2].One of the key challenges in
implementing 5G systems is the efficient design of antennas. Antennas are responsible for transmitting and receiving
electromagnetic signals, and their performance directly affects communication quality. Microstrip patch antennas are widely
used in modern communication systems due to their advantages such as compact size, low weight, low cost, and ease of
fabrication. They can be easily integrated into printed circuit boards, making them suitable for portable devices [3]. However,
conventional microstrip antennas typically operate at a single frequency and have limited bandwidth, which restricts their
performance in 5G applications [4]. Unlike previous generations, 5G operates across a wide range of frequencies. The sub-
6 GHz band, particularly around 3.5 GHz, is used for broader coverage and better signal penetration, while millimeter-wave
bands such as28 GHz provide extremely high data rates but suffer from higher path loss and shorter transmission distances.
Therefore, antennas must be designed to operate efficiently at multiple frequency bands to balance coverage and
performance.

To overcome these limitations, multi-band and multiband antenna designs have been proposed. Techniques such as
slotting, parasitic elements, and defected ground structures are commonly used to achieve multiple resonant frequencies [5].
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Among these, slot-based techniques are simple and effective, as they introduce additional current paths without significantly
increasing the antenna size or complexity.

For the wireless applications like Wi-MAX, GPS, and WLAN, a multi-band antenna is designed in which two T-
shaped notches are used. This antenna resonates at 1.65 GHz (1.55-1.66) in the lower and 2.33 GHz (2.13-3.22) GHz in the
upper band. Also, the bandwidth achieved by this antenna in lower band is 6.95% (110 MHz) and in upper band is 43.67%
(1190 MHz). The efficiency is achieved between 86-93.5% and 86-96% respectively, in the lower and upper bands [7].

In this paper, a Microstrip patch antenna is proposed for mobile devices. The proposed antenna has a low profile
structure with dimensions 60 mm x 60 mm x 1.6 mm and covers frequency band from 2.3GHz to 4.6GHz and is be mainly
used for Wi-Fi and WLAN application. The size of the antenna is very compact and hence is well suited for mobile devices
or the devices where the space is a major issue. Simulation and optimization of the proposed antenna structure is performed
using the simulation tool called High Frequency Structure Simulator (HFSS).[8]

Il. ANTENNA STRUCTURE AND DIMENSIONS

The proposed small patch antenna using a microstrip line for feeding is given in figure 1. The patch antenna have
rectangular patch of 10.2 mm x 7 mm with a rectangular slot on it. Various parameters such as dielectric constant (er = 4.4),
are considered while designing the proposed antenna. Here FR4 substrate material is used for the design of proposed antenna
whose thickness is 1.6mm and Loss Tangent is 0.02[6]. In this structure a lumped port is used to excite the antenna. The
overall dimensions are 60 mm x 60mm x 1.6mm. The designed process of the proposed antenna has been shown in Fig.1,
and the steps used have been presented in Fig. 1(a), 1(b), 1(c). For designing, the ground area of the proposed antenna is L4
= 60 mm (length) and Wy = 60 mm (width) while the patch area is L, = 29.4 mm (length) and W, = 38 mm (width). Initially,
two rectangular notches of size 4 mm x 2.5 mm on the top of the patch has been loaded at a distance of 3.5 mm from both
the left and right side of the edge.

3mm

Fig.1: Structure of Proposed Antenna

PARAMETERS DIMENSIONS
Width(Ground) 60mm
Length(ground) 60mm
Width(Patch) 38mm
Length(Patch) 29.4mm
Thickness(Substrate) 1.6mm
Slot(Width) 2.5mm
Slot(Depth) 4mm
Length(Feedline) 24.8mm
Width(Feedline) 3mm

TABLE 1: Structural Parameters of Antenna

I1l. ANTENNA DESIGN

For the designing of antenna geometry, firstly, Antenna-1 (conventional antenna) has been designed with a
rectangular ground of size 60 mmx60 mm and a rectangular patch of size 29.4 mmx38 mm on an FR-4 substrate as shown
in Fig.1(a). This conventional antenna resonates between 2.33 and 2.39 GHz at 2.36 GHz in the lower band and between
3.66GHz and 3.74 GHz at 3.7 GHz in the middle band and between 4.43GHz and 4.51GHz at 4.47GHz in the upper band.
The IBW of the antenna-1 is 55 MHz (2.33%) in LB and 80 MHz (2.16%) in MB, respectively. The Return Loss of —19.63
dB, —29.79 dB and -13.48 dB is observed in antenna-1.

In the second step, an antenna-2 is designed by using rectangular slot of size 4 mmx2.5 mm at the left upper corners
as shown in Fig.1(b). Antenna-2 resonates between 2.27GHz and 2.33 GHz at 2.3GHz in the lower band and between 3.46
and 3.53 GHz at 3.5GHz in the mid band and between 4.23GHz and 4.36GHz at 4.3GHz. The IBW is achieved 60 MHz

Published By: Fifth Dimension Research Publication www.fdrpjournals.org/ 44|Page


http://www.fdrpjournals.org/ijire

Design of Multi-Band Microstrip Patch Antenna for Wi-Fi and WLAN Applications

(2.6%), 70 MHz (2.003%) and while RL is -24.64 dB, —21.31 dB and -30.039 dB in the lower, mid and upper bands.

In the Third step, an antenna-3 is designed by using two rectangular slots, both of size 4 mmx2.5 mm at the upper
corners (at both left and right corners) as shown in Fig.1(c). Antenna-3 resonates between 2.335 and 2.40 GHz at 2.38 GHz
in the lower band and between 3.50GHz and 3.57 GHz at 3.54 GHz in the mid band and between 4.32GHz and 4.45GHz at
4.39GHz in the upper band. The IBW is achieved 50 MHz (2.11%) and 70 MHz (1.98%), while Return Loss is —19.58 dB, -
23.122 dB and —29.054 dB, in the lower and upper bands.

AL

(@) (b) ©)

Fig.2: Antenna Design steps: (a) Antenna-1, (b) Antenna-2, (c) Antenna-3-Proposed Antenna

Antennas RF in GHz Return Loss(db) BW(MH?z)
Antenna-1 2.36 -19.63 55MHz (2.33%)
3.70 -29.79 80MHz (2.16%)
4.47 -13.48 80MHz (1.79%)
Antenna-2 2.30 -24.64 60 MHz (2.6%)
3.50 -21.31 70MHz (2.03%)
4.30 -30.039 130MHz (3.03%)
Antenna-3 2.38 -19.58 50MHz (2.11%)
(Proposed) 3.54 -23.122 70MHz (1.98%)
4.39 -29.054 130MHz (2.96%)

TABLE 2: Antenna Performances in different steps

IV. RESULTS AND DISCUSSION
The proposed multi-band antenna provides enhanced bandwidth, i.e., 2.35-2.40 GHz in the LB, 3.50-3.57 GHz in
the MB and 4.32-4.45 GHz in UB. The BW of the antenna is observed to be 2.11% (50MHz) in the lower band, 1.98%
(70MHz) in the mid band and 2.96% (130 MHz) in the upper bands. The return loss obtained in the proposed antenna is —
19.58 dB in the lower band at 2.38 GHz, -23.122 dB in the mid band at 3.54GHz and —29.054 dB in the upper band at 3.70
GHz.

sTuENT

Fig.3: Microstrip Patch Antenna (Proposed Model)

i) Return Loss S(1,1) Analysis:

The return loss is one of the most important parameters used to evaluate the performance of an antenna, as it
indicates how efficiently the antenna is able to transmit power without reflection. Figure 4, illustrates the simulated return
loss (S11) of the proposed multi-band microstrip patch antenna. From the graph, three distinct resonant frequencies can be
observed at 2.38 GHz, 3.54 GHz and 4.39 GHz confirming the multi-band nature of the antenna.

At the lower frequency band of 2.38 GHz, the antenna achieves a return loss of —19.58 dB, at the mid frequency
band of 3.54GHz, the return loss is -23.122 dB while at the higher frequency band of 4.39 GHz, the return loss is —29.054
dB.

The VSWR of the proposed multi-band antenna is 1.234 at resonating frequency of 2.38 GHz, 1.150 at the
resonating frequency of 3.54 GHz and 1.073 at resonating frequency of 4.39 GHz, respectively.

Published By: Fifth Dimension Research Publication www.fdrpjournals.org/ 45|Page


http://www.fdrpjournals.org/ijire

Design of Multi-Band Microstrip Patch Antenna for Wi-Fi and WLAN Applications

Weme | KN | Y S Parameter Plot5 Ansys
. HESsasg2 | ode
STI.IDE\.‘
aosn
Sehupd  Sweep

dB(S(1,1))

10 15 0 25 a a5 4 45 50
Freq [GHz]

Fig.4: Return Loss of Proposed Antenna

ii) Gain Analysis:
Gain is an important parameter that shows how effectively an antenna can focus and transmit energy in a particular
direction. It gives an idea of how strong the signal will be when it is radiated. Figure 5, shows how the gain of the antenna

changes across different frequencies within the operating range.
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Fig.5:Peak Gain of Proposed Antenna

iii) Radiation Efficiency Analysis:

Figure 6, shows the radiation efficiency of the proposed multi-band microstrip patch antenna over its working
frequency range. Radiation efficiency basically tells us how well the antenna uses the input power to produce useful radiated
signals. From the graph, it can be seen that the antenna performs well at both operating frequencies, as it is able to convert
most of the supplied power into radiation with only minimal losses.
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Fig.6: Radiation Efficiency of Proposed Antenna
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Fig.7: 3D Polar Plot of Radiation Pattern of Proposed Antenna

V. CONCLUSION

This study presents the design and performance evaluation of a multi-band microstrip patch antenna intended for
5G communication systems. The antenna is developed to operate for Wi-Fi and WLAN, enabling it to support both coverage-
oriented and high-data-rate applications within a single compact structure. A slot is incorporated into the patch to generate
dual resonant frequencies, allowing the antenna to function efficiently without adding unnecessary design complexity.

The antenna is implemented on an FR4 substrate, which keeps the overall design economical and easy to fabricate.
Simulation using Ansys Electronics Desktop 2025 (HFSS) confirms that the antenna achieves satisfactory performance, with
return loss values of —19.5 dB, -23.122 dB and —29.79 dB, indicating strong impedance matching at all three operating
frequencies. The VSWR values remain within acceptable limits (1.234 at 2.38 GHz, 1.150 at 3.54 GHz and 1.073 at 4.39
GHz), ensuring efficient signal transmission. Furthermore, the radiation characteristics are stable, providing wider coverage
at the lower band and more focused radiation at the higher band.

For the application of wireless communication, a multi-band micro-strip antenna has been proposed. The presented
multi-band antenna shows improved RL of —19.58, -23.122 and —29.054 dB respectively, with bandwidth of 2.11%
(50MHz), 1.98% (70 MHz) and 2.96% (130 MHz) at resonating frequencies of 2.38 GHz, 3.54 GHz, 4.39 GHz

The presented microstrip patch antenna can be used in S bands and C Band of wireless applications. The S-band
covers the frequency range from 2 GHz to 4 GHz and is commonly used in applications that require reliable signal
propagation over moderate distances. Compared to higher frequency bands, S-band signals experience lower path loss,
making them effective for wider area coverage. The C-band covers the frequency range from 4 GHz to 8 GHz and is
commonly used in applications like satellite communication, weather monitoring, and long-distance signal transmission. One
of its advantages is that it can handle more data compared to lower frequency bands like the S-band, which helps in achieving
better and faster communication. [2-4].
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