™

Check for
updates

Ultra-Wideband Microstrip Patch antenna with Semi-
Circular Slot and Modified Inset Feed for Wireless
Applications

P. Sanjay Krishnamal, D. Manideep, B. Venkata Narayana, J. Bhanu Prakash,
K. Hari Chandana

Department of ECE, Potti Sriramulu Chalavadi Mallikarjuna Rao College of Engineering and
Technology, Vijayawada, Andhra Pradesh-520001, India.

sanjay.repalle@gmail.com

Abstract The design and analysis of an Ultra-Wideband (UWB) microstrip
patch antenna with a modified inset feed and a semi-circular slot that is
optimized for wireless communication are investigated in this research. With a
large bandwidth spanning from 1.7 GHz to 9.69 GHz and resonance at 4 GHz,
the suggested antenna efficiently covers a number of frequency bands,
including sub-6 GHz 5G, WLAN, and UWB. Impedance matching and
bandwidth are improved by the addition of a semi-circular slot, and steady gain
characteristics and increased radiation efficiency are guaranteed by the
modified inset feed. The ground plane is 88 x 88 x 0.001 mm in size, and the
antenna is constructed on a FR4 substrate that is 88 x 88 x 1.6 mm in size. The
feed structure is 50 x 2 x 0.001 mm, and the patch has a radius of 22 mm and a
thickness of 0.001 mm. It is appropriate for wearable and portable applications
because to its small size. Simulated and observed results demonstrate a low
return loss (Su < -10 dB) across the whole bandwidth, great radiation
efficiency, and an omnidirectional radiation pattern, making it an excellent
choice for high-speed wireless networks.
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1 Introduction

The ability of ultra-wideband (UWB) technology to produce high data speeds, low
power consumption, and wide frequency coverage has garnered a lot of interest. Since ultra-
wideband antennas enable efficient signal transmission over extremely wide frequency bands,
they are crucial for today's wireless communication, radar, and biomedical sensing applications.
Because of its low profile, ease of fabrication, and compatibility with a variety of
communication standards, microstrip patch antennas are frequently used in UWB applications.
However, the bandwidth and impedance matching of conventional patch antennas are often
constrained. Techniques like feed changes [4,6,7] and slot integration [3] have been extensively
researched to increase performance in order to overcome these problems.
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The redesigned inset feed promotes radiation efficiency and adds stability, while the
addition of a semi-circular slot improves impedance matching and expands bandwidth.The
antenna is perfect for wearable and portable electronics and is made on a small FR4 substrate
[8]. Results from simulations and measurements confirm that the antenna exhibits an
omnidirectional radiation pattern, excellent radiation efficiency, and low return loss (Su < -10
dB) throughout the whole bandwidth. It is an excellent choice for high-speed wireless networks
because of all these characteristics [10]

2 Related Work

Designs for 4 GHz resonant antennas have been thoroughly researched for satellite systems,
radar, and wireless communication. Gain, bandwidth, and efficiency performance have all been
improved using various techniques.

For 5G applications, microstrip antennas with a partial ground plane are used at frequencies
higher than 20 GHz. With a maximum gain of over 8 dBi and expanded bandwidth, the study
demonstrated that ground adjustments improved radiation efficiency, impedance matching, and
return loss. The developments enable huge MIMO systems and beamforming in millimeter-
wave communications. For LTE, Wi-Fi, and early 5G applications, the results can be scaled to
sub-6 GHz antennas, such as 4 GHz antennas, for higher bandwidth, efficiency, and gain. [Aziz
et al., 2019]Wide-band S-band microstrip antenna, which has been shown to offer superior
impedance matching and a wider bandwidth for telemetry applications.

In order to make the antenna suitable for telemetry and communications systems, the
research focused on optimizing the antenna geometry to produce a steady radiation profile and
high efficiency[Pushpalatha et al., 2023].

3 Proposed Work

The antenna is constructed on a FR4 substrate, a common dielectric material with a loss
tangent of around 0.02 and a relative permittivity (er) of about 4.4. A distinctive circular
radiating patch is a feature of the antenna. Inset feeding is utilized at the top of the substrate to
guarantee effective signal transmission, and meander slots are utilized to maximize
performance. For overall efficiency, the bottom layer is a fully grounded plane. The circular
patch's semi-circular slit enhances the antenna's performance and makes it perfect for high-end
wireless applications.The feed's meandering and semi-circular slots serve crucial purposes in
enhancing antenna performance. Further resonance is added by the semi-circular slot, which
modifies the patch current distribution. It helps make multi-band operation or more bandwidth
possible, especially for broadband and Ultra-Wideband (UWB) applications. Additionally, by
improving impedance matching, the slot reduces return loss (S11). It increases the antenna's
efficiency and reduces reflection (lower VSWR). Without increasing the feedline's physical
size, the meandering configuration gives it electrical length. Improved bandwidth is the end
outcome, and this is crucial for UWB communication.
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Fig 1:Antenna Top View Table 1: Dimensions
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Fig 2: 3D View of antenna: color coding
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Component Dimensions (mm)
Substrate 88 x 88 x 1.6
Ground 88 x 88 x 0.001
Patch Radius 22

Patch Thickness 0.001

Feed 50 x 2 x0.001

Table 2: Measurements of antenna Structure

4 Results and Discussion

4.1 Return Loss

Return loss (S11), which measures the power reflected to the source upon application
of an RF stimulation, is an essential antenna design parameter. It indicates that the antenna is
properly matched to the source impedance or transmission line (preferably 50 Q). S11 is always
negative and is expressed in dB (decibels). Greater efficiency and less reflected power result
from more excellent impedance matching, which is indicated by a more negative (lower) S11
value. An antenna's operating frequency range is typically defined as the range when S11 is less
than -10 dB. A return loss of -10 dB means that 90% of the power is transferred and 10% is
reflected. This is a bandwidth estimation metric. With S11 < -10 dB, a broadband antenna has a
wide frequency range, In contrast, a narrowband antenna has a limited operational range.
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Fig3: Return Loss (S11) of proposed antenna at 4GHz

The S11 has a return loss of -30.64 dB and occurs at 4.001 GHz. With almost no
power reflection, it shows excellent impedance matching. This frequency is the main operating
band since the majority of power is efficiently radiated or absorbed. The antenna operates
between 1.77 GHz to 9.69 GHz and has an ultra-wide bandwidth of 7.92 GHz.
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4.2Percentage of Impedance Bandwidth

An antenna's impedance bandwidth is the range of frequencies at which its impedance match
is acceptable (often S11 < -10 dB or VSWR < 2). With minimal reflection and optimal
efficiency, the antenna effectively sends and receives signals across this band.

Percentage Bandwidth = (%) x 100

Here, Fc = 4GHz, FL = 1.77GHz, and FH = 9.69GHz. An ultra-wideband (UWB) antenna
with an extremely broad operational frequency range is represented by the antenna's 198%
bandwidth percentage.

4.3 VSWR

The efficiency of RF power transmission from a source (such a transmitter) to an antenna
free of reflections is measured by the VSWR. It shows how well the antenna and transmission
line (usually 50 ) match in terms of impedance.

Ideal VSWR = 1: Perfect matching (all power is transmitted, no reflection).

Higher VSWR (>1): Indicates mismatching, leading to power reflections and losses.

Hence. VSWR value should be less than O{Yegual to 1 for a better performance.

ot 3 HFSSUesignl
75.00

Curve Info

— dB(VSWR(1)}
Setup? - Sweep

d B(VSWR[W »

E m1

0.bo 250 500 750 1000 1250 1500 1750 20100
Freq [GHz]

Fig 4: VSWR



2010 P. S. Krishnamal et al.

XY Plot6 HFSSDesign1
3848.66

B Curvelno |
— — abs(VSWR(1))
3500.00 — Setup1 : Sweep

3000.00 —]

2500.00 —]

2000.00 —]

abs(VSWR(1))

@
=]
]
=
5]

1000.00

500.00

0.00 —|

1050 15.00 2000 201
FreqGHz]

Fig 5:Absolute value of VSWR of proposed antenna at 4GHz.

Perfect impedance matching is represented by the graph's VSWR value of 0.5103 dB
at 4 GHz, which is equal to a linear VSWR of around 1.06. With a VSWR of roughly 1, the
antenna efficiently receives almost all of the power from the source with minimal reflection,
resulting in great radiation efficiency. The low VSWR reduces signal losses, improves system
performance, and guards against power reflections that could harm RF components.

4.4 Gain

An antenna's 3D gain radiation pattern is shown in this figure. The radiation pattern's
maximum gain of 3.69 dB indicates the antenna's efficiency and directivity in its most
important radiation direction. Compared to an isotropic radiator (0 dBi), an antenna with a 3.69
dB gain radiates around 2.33 times as much power. Instead of focusing energy into a single,
tight beam, this gain number shows that the antenna is radiating widely and covers a wide range
of directions. It works best with wideband applications that need multidirectional coverage, like
sensor networks, IoT, and UWB communication.
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Fig6: Gain of proposed antenna at 4GHz.
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4.5Radiation Pattern
The far-field radiation behaviour of the antenna at 4 GHz is displayed in the radiation pattern
that is presented. A polar radiation plot showing the total electric field in two planes is depicted
in the figure.

Red Curve: E-plane radiation pattern at Phi = 0°

Purple Curve: Phi = 90° radiation pattern (H-plane)

The antenna exhibits multidirectional radiation with a complicated lobe structure at 4 GHz,
according to the radiation pattern.

Radiation Pattern &

Fig 7:Radiation pattern

5 Conclusion

The proposed antenna has a moderate level of performance with a wideband nature, and it is
applicable for different wireless applications. The return loss (S11) value at 4 GHz is -30.64
dB, which reflects excellent impedance matching and little signal reflection, and the VSWR of
0.51 provides better power transfer with fewer losses. The computed impedance bandwidth of
197% validates its ultra-wideband (UWB) feature, and hence, it is suitable mainly for radar,
satellite communication, and wireless sensor networks. The 4 GHz radiation pattern exhibits a
multi-lobed configuration, indicating moderate directionality with a few side lobes, which is
helpful for applications where broad coverage is needed. The antenna’s maximum gain of 3.69
dB guarantees moderate radiation efficiency. The design’s ability to balance focused and
omnidirectional radiation patterns ensures consistent coverage and performance.
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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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