IJRASET

International Journal For Research in
Applied Science and Engineering Technology

" INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGQGY

Volume: 12 Issue: XiIi Month of publication: December 2024

DOIl: https://doi.org/10.22214/ijraset.2024.65896

www.ijraset.com
Call: (£)08813907089 | E-mail ID: ijraset@gmail.com




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 12 Issue XII Dec 2024- Available at www.ijraset.com

Design and Development of Microstrip Antenna
Array for Wireless Communication

Dr. Jagadheesha S, Dr. Prathibha Kiran, Om M Gaikwad, Rahul Poojary, S A Nandan, Sudin V
Dept of Electronics and Communication AMC Engineering College Bangalore, India

Abstract: This paper presents the design and implementation of a microstrip antenna array optimized for wireless communication.
The proposed design focuses on enhancing gain, bandwidth, and compactness, leveraging fractal geometry and efficient feeding
techniques. Simulation using IE3D software validated the design, achieving a gain of 7.2 db with a return loss of - 46.93db for
the 8 elemental array.

Practical testing with a Vector Network Analyzer confirmed its applicability for technologies like 5G and Wi-Fi. The results
demonstrate a high- performance, cost-effective solution for modern wireless system
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L INTRODUCTION
The rapid growth of wireless communication has driven the demand for efficient and compact antenna designs. Microstrip antennas,
with their lightweight and low-profile features, are increasingly popular for applications like 5G, Wi-Fi, and IoT. However,
challenges such as limited bandwidth and mutual coupling remain significant.
This paper addresses these issues by designing a microstrip antenna array utilizing fractal geometries and advanced feeding
techniques.
Key contributions include optimizing gain and bandwidth while ensuring compactness and compatibility with modern wireless
systems.

I LITRATURE REVIEW
The papers referenced in the report Design and Development of Microstrip Antenna Array for Wireless Communication were
applied in multiple ways to shape and validate the design of the proposed antenna.

Here’s how the papers contributed:

1) Inspiration for Fractal Geometry and Enhanced Bandwidth Papers discussing fractal geometries provided the foundation for
using fractal designs in the report to improve gain, reduce mutual coupling, and optimize bandwidth. These concepts were
directly applied in the development of single, 2-element, 4-element, and 8-element arrays.

2) Multiband and Wideband Capabilities Papers focusing on multiband antennas influenced the selection of operating frequencies
and structural modifications in the proposed design. These features ensured the antenna was suitable for applications like 5G and
Wi-Fi, as validated through simulations and practical results.

3) Design Compactness and Efficiency Studies on compact designs and advanced feeding techniques guided the array
configuration and feeding network, such as the use of series-fed configurations to maintain design simplicity and efficiency.

4) Simulation and Practical Validation The application of tools like IE3D simulation software, which was referenced in multiple
papers, enabled accurate modeling of the antenna. Additionally, practical testing with the Vector Network Analyzer (VNA)
confirmed the performance metrics (e.g., gain, return loss) outlined in these papers.

5) Material and Substrate Selection Insights into substrate materials and construction methods informed the selection of FR4
substrate and the fabrication process, ensuring structural and performance integrity.

6) Optimization for Next-Gen Technologies Papers addressing millimeter-wave and MIMO antennas helped align the proposed
design with future technologies like 5G and IoT, showcasing its relevance to modern wireless systems.
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To calculate XQ2 impedance point along width is

(12000)%+ (\‘:}':7:‘- )2 tan2(F1)
METHODOLOGY i O XL x Ag (1+tanZ(AD)] (n
1. DESIGN OVERVIEW Where
The antenna consists of a rectangular microstrip patch on an FR4 g = 2% or 12)
substrate (, thickness = 1.6 mm). The array configurations include T % (12
2, 4, and 8 elements arranged linearly for enhanced directivity (=¥ (13)
and gain. 2
Elemental Width: Zia = Ria (14)
W= L[‘r"‘]—; n Z, :\erhxzo (15)
2L 2

Extension Length:

Similarly we can find the transmission line length and

width substituting the Zt in place of Zo for the eq 10

(£.+0.3)(5 + 0264 )
AL=0412h|—2 77— 2 50 ohm 70 ohm 100 ohm
(£.—0.25) ("n‘ +08)
Lf= 15.425mm Lf=15.4457mm Lf=15.4512mm
When
W=3.06122mm | Wf=1.633mm W=0.62768mm
- (:,—01) (Ar ) (1 +12h)
Lt=15.4602mm Lt=15.46074mm | Lt=15.4062mm
Length of Element: Wt=1.2494mm Wt=0.82186mm | Wt=0.49764mm
L= (z —2AL 3) Table IMeasurements of Transmission and Feeding Lines
SiVEr
Length and Width of Transmission and Feeding Line No. of Element Ground plane Ground plane
1)  Width: Length Lg(mm) | Width Wg(mm)
Condition Single Element S0mm 40mm
wid = 2 Element 70mm 140mm
f‘f; -, forT <2 4 Element 85mm 295mm
f(B =1-Inf2B-1]) + (:“g) {l"(B -1)+039- u“}) forg>2 8 Element 100mm 625mm

4) Table 2 Measurements of Length and Width of Ground Planes
Where A & B are 1.1 DESIGN IMPLEMENTATION  WITHOUT
A= (" “) (‘r :) (o 23+ °“) ) FRACTAL GEOMETRY
Er+
We

_ 377
B= v )
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0.61
0.39 — T}) (7N
2) Length
. A ,

L feed line = -2 (8) Here W=38.03 and L = 29.33

. this is same for all antennas
Where

A
rg= Jiass 9)

Ef = E —r e
ff T Cp T 2
7l
1+G (fP) Figure 1 Design of Single Element Antenna
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Figure 2 Single Element Antenna
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Figure 3 Design of 2 Element Array Antenna

Figure 4: 2 Element Array Antenna

Figure 5 Design of 4Element Array Antenna
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Figure 6: 4 Element Array Antenna

Wa

w
1
P 3ecoma” aaeal s
wenRone koo waleo s wesoleo  ajio e T suico el cona Y0 ot
=y £33 hiorer ey
o el wor au

£

0N
ol Tearoar

ax sou

e

b
et 2

Figure 7 Design of 8 Element Array Antenna

Figure 8: 8 Element Array Antenna

1.2 Design implementation with fractal geometry

a=(13yL
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c=(135b
d=(13)"a
e~ (134
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Figure 9 Fractal geometry 1 element

Figure 10: 1 Element Fractal geometry Array Antenna
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Figure 11 Fractal geometry 2 element

Figure 12: 2 Element Fractal geometry Array Antenna
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Figure 13 Fractal geometry 4 element

Figure 14:4 Element Fractal geometry Array Antenna
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Figure 15 Fractal geometry 8 element
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Figure 16: 8 Element Fractal geometry Array Antenna

2. Software Requirements

a) IE3D

1E3D is a powerful electromagnetic simulation software widely used in the field of antenna design, microwave circuits, and
electromagnetic compatibility analysis. Developed by Zeland Software Inc., IE3D offers advanced computational capabilities,
enabling engineers and researchers to accurately model, simulate, and optimize complex electromagnetic structures. This
comprehensive analysis aims to delve into the key features, capabilities, and applications of IE3D, highlighting its strengths and
limitations within the realm of electromagnetic simulations.

Figure 17 IE3D on bootup
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Figure 18 Example of antenna design

3. Hardware Requirement

a) Vector Network Analyser

Vector Network Analyzers (VNA) are essential electronic test instruments used in the field of radio frequency (RF) and microwave
engineering. They play a crucial role in characterizing and analyzing the performance of various RF and microwave devices, such as
filters, amplifiers, antennas, and transmission lines. VNAs provide precise measurements of complex impedance, scattering
parameters (S-parameters), and other electrical properties, enabling engineers and researchers to optimize the design, development,
and troubleshooting of high-frequency circuits. The VNA works by transmitting a known signal into the DUT and then measuring
the amplitude and phase of the resulting signal at the input and output ports of the device. By analyzing these measurements, the
VNA can determine the characteristics of the DUT.
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Figure 20 Vector Network Analyser

4. Fabrication Process

Microstrip antenna fabrication requires meticulous attention to detail to maintain high dimensional tolerances and avoid bandwidth
reduction. The process involves generating artwork from a drawing, ensuring accuracy up to four decimal points. The artwork is
prepared on stabline, Rubylith film, or buffer paper, and the dimensions are verified using precision cutting and optical scanning. A
high-resolution negative is produced for exposing the photoresist, which is applied to the laminate. After proper adhesion, the
laminate is exposed to light, polymerizing the exposed photoresist. The developed antenna is then etched, followed by removal of the
photoresist. Visual and optical inspection ensures dimensional accuracy and performance. Smooth edges are achieved, and if desired,
a thermal cover bonding may be applied. The final assembly is cooled, inspected, and prepared for further use

The above procedure comprises the general steps necessary in producing a microstrip antenna. The substances used for the various
processes e. g., cleaning, etching or the tools used for machining etc depends on the substrate chosen.

Sclection of Substrate

1
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Figure 21 Flow chart of Fabrication process
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II1. RESULTS & DISCUSSION
A.  Simulated Results

1) Simulated Result Without Fractal Geometry
a) Single Element
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Figure 22 Gain of Single element
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Figure 23 Return loss vs Frequency graph of single element

b) 2 Element
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Figure 24 Gain of 2 element
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Figure 25 Return loss vs Frequency graph of 2 element
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c) 4 Element
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Figurev26 Gain of 4 elements
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Figure 27 Return loss vs Frequency graph of 4 elements

d) 8 Element
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Figure 28 Gain of 8§ element
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Figure 29 Return loss vs Frequency graph of element
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2) Simulated Result With Fractal Geometry
a) Single Element
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Figure 30 Gain of the single element
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Figure 31 Return loss vs Frequency graph of element

b) 2 Element
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Figure 33 Return loss vs Frequency graph of 2 element
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c) 4 Element
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Figure 34 Gain of the 4 element
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Figure 35 Return loss vs Frequency graph of 4 element

d) 8 Element
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Figure 37 Return loss vs Frequency graph of 8 elemental
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B. Practical Result
1) Practical Result without Fractal Geometry
a) Single Element
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Figure 38 Practical Return loss vs Frequency of Single element

b) 2 Element
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Figure 40 Practical Return loss vs Frequency of 2 Element

Figure 41 Smith chart of 2 element
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c) 4 Element

d) 8 Element
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Figure 42 Practical Return Loss vs Frequency of 4 Element

Figure 43 Smith chart of 4 Element

Figure 44 Practical Return loss vs Frequency of 8 element

Figure 45 Smith Chart of 8 element
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2) Practical Result With Fractal Geometry
a) Single Element
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Figure 46 Practical Return loss vs Frequency of 1 element

b) 2 Element
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Figure 49 Smith Chart of 2 Element

© IJRASET: All Rights are Reserved | SJImpact Factor 7.538 | ISRA Journal Impact Factor 7.894 |




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 12 Issue XII Dec 2024- Available at www.ijraset.com

c) 4 Element

b

Figure 50 Practical Return loss vs Frequency of 4 element

d) 8 Element

Figure 52 Practical Return loss vs Frequency of 8 element

Figure 53 Smith Chart of 8 Element
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Iv. COMPARISON TABLE

ELEMENTS RESONANT GAIN RETURN
FREQUENCY(GHz) (db) LOSS(db)
Sim Practical Sim Practical
1 2.37 2.3 0.62 -20.57 | -21.45
ELEMENT
2 2.37 2.3 3.84 -12.99 | -24.787
ELEMENT
4 2.37 2.3 5.9 -12.13 | -24.013
ELEMENT
8 2.36 2.3 7.6 -14.80 | -36.472
ELEMENT

Table 3 Comparison Table of without Fractal geometry

ELEMENTS RESONANT GAIN RETURN
FREQUENCY(GHz) LOSS(db)
Sim Practical Sim Practic
al
1 2.37 2.3 0.78 -30.35 | -25.02
ELEMENT
2 2.37 2.3 3.85 -13.02 | -
ELEMENT 26.068
4 2.37 2.3 5.84 13.98 | -33.36
ELEMENT
8 2.36 2.3 7.2 -21.94 | -46.93
ELEMENT

Table 4Comparison Table of with Fractal geometry

V. CONCLUSION
The designed patch antenna has exhibited excellent performance, achieving a gain of 7.2 dB and a return loss of -46.93 dB in the 8-
element array configuration. These results demonstrate the antenna's ability to radiate power effectively in the desired direction
while minimizing reflections and losses. The achieved gain ensures enhanced signal strength and range, which is crucial for
applications such as radar systems and wireless communication systems. With these characteristics, the antenna is capable of
providing improved coverage and reliable data transmission, making it a highly efficient solution for modern communication needs.
Furthermore, the return loss value of -46.93 dB highlights the antenna's impedance matching capability, ensuring reduced signal
reflection and higher power transfer efficiency. This design establishes the patch antenna as a promising candidate for a wide range of
wireless communication applications. Its performance parameters indicate a strong foundation for advancing antenna technology,
paving the way for future improvements in connectivity and signal quality. This study demonstrates a significant step forward in
microstrip array antenna development for efficient and reliable communication
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