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ABSTRACT

The Planar Inverted-F Antenna (PIFA) design, along with a T-junction power
divider to distribute power evenly between them, represents a strategic approach
aimed at bolstering antenna performance, particularly in terms of gain. The
utilization of two patches aims to improve the antenna's gain by leveraging
constructive interference between the radiated fields from each element. The T-
junction power divider ensures equitable power allocation to both patches,
enhancing radiation efficiency. Theoretical analysis suggests that this configuration
has the potential to double the antenna's gain compared to single-patch designs.
However, practical considerations such as impedance matching and radiation
efficiency must be addressed for optimal performance. This study explores the
design, simulation, and optimization processes involved in implementing the dual
patch PIFA with a T-junction power divider. Experimental validation is conducted to
assess the antenna's performance in terms of gain, radiation pattern, and signal
coverage. The findings demonstrate the efficacy of this approach in improving the
overall performance of PIFA antennas, paving the way for enhanced signal strength

and coverage in wireless communication applications.

This configuration enables the simultaneous radiation of electromagnetic
waves from both patches, fostering constructive interference and thereby enhancing
the overall gain compared to a single-patch PIFA design. The T-junction power
divider ensures equitable power distribution to each patch, facilitating optimal
radiation efficiency. Theoretically, this setup holds the potential to double the
antenna's gain, provided proper alignment and optimization. However, practical
considerations such as impedance matching and radiation efficiency must be
addressed. In summary, this innovative approach holds promise for improving signal
strength and coverage in wireless communication applications, showcasing its

relevance and potential impact in the field.
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CHAPTER-1
INTRODUCTION

Wireless communication systems have become ubiquitous in modern society, driving
the demand for compact, efficient, and versatile antenna solutions. Among these
solutions, Planar Inverted-F Antennas (PIFAs) have gained significant attention for
their ability to meet the stringent requirements of various wireless applications. This
project aims to conceptualize, design, and fabricate a PIFA operating at the resonant
frequency of 5.8 GHz, catering to the growing need for high-frequency communication

systems, particularly in Wi-Fi, WLAN, and other broadband wireless applications.

The proposed PIFA design integrates innovative array techniques to enhance
performance and functionality, offering improved gain, directivity, and radiation
characteristics compared to traditional single-element designs. Through meticulous
optimization of antenna dimensions, substrate properties, and array configurations,
the design aims to achieve optimal performance metrics such as gain, bandwidth, and
radiation efficiency, making it suitable for a wide range of wireless communication

applications.

The selection of 5.8 GHz as the operating frequency aligns with the increasing demand
for high-speed data transmission and bandwidth-intensive applications. By resonating
at this frequency, the antenna ensures compatibility with existing wireless networks
and emerging technologies, facilitating seamless integration and interoperability. Key
considerations in the design process include substrate selection, where FR4 material
is chosen for its favourable dielectric properties, mechanical robustness, and cost-
effectiveness. The dielectric constant and loss tangent of FR4 is carefully considered
to ensure efficient energy transfer and minimal signal attenuation, particularly at higher

frequencies like 5.8 GHz.

The project scope encompasses comprehensive research, simulation, optimization,
and experimental validation processes. Advanced electromagnetic simulation
software such as HFSS will be utilized to model and optimize the antenna design,
while laboratory testing will validate performance metrics under real-world conditions.

Manufacturing considerations, including compatibility with standard PCB fabrication



processes, will ensure cost-effective and scalable production of the antenna design.
Performance optimization will be a focal point, with a particular emphasis on key
parameters such as gain, bandwidth, radiation efficiency, and impedance matching.
Through iterative design iterations and sensitivity analyses, the project aims to
address performance bottlenecks and tailor the antenna design to meet specific

application requirements.

Documentation and reporting will play an integral role, capturing the entire design
process and disseminating project outcomes through technical reports, presentations,
and possibly academic publications. By achieving its objectives, this project seeks to
contribute to advancements in antenna engineering and wireless communication
systems, empowering users with seamless and reliable connectivity in the 5.8 GHz

frequency band.
1.1 MICROSTRIP PATCH ANTENNA

Microstrip patch antennas are a popular choice in wireless communication systems
due to their compact size, low profile, light weight, and ease of integration with
microwave integrated circuits (MICs). These antennas consist of a metallic patch,
typically made of copper or gold, printed on a dielectric substrate, which is usually a
low-loss material like FR4 or Rogers substrate. The patch is usually fed by a coaxial
cable or a microstrip transmission line, and it radiates electromagnetic waves into free

space.

The design and performance of microstrip patch antennas depend on various
parameters, including the dimensions of the patch, substrate material properties,
feeding techniques, and the ground plane configuration. The resonant frequency of
the antenna is primarily determined by the size of the patch and the dielectric constant
of the substrate. By adjusting these parameters, the antenna can be tuned to operate

at a specific frequency or within a certain bandwidth.

One of the key advantages of microstrip patch antennas is their versatility in terms of
shape and configuration. They can be designed in various shapes such as square,
rectangular, circular, or even more complex geometries to suit specific application
requirements. Additionally, multiple patches can be arranged in an array configuration

to achieve desired radiation characteristics, such as beam steering or pattern shaping.



Despite their advantages, microstrip patch antennas also suffer from some limitations.
One common issue is their narrow bandwidth, especially for single-patch designs.
Techniques such as using stacked or parasitic patches, or employing metamaterial
structures, can help widen the bandwidth. Another challenge is achieving high
radiation efficiency, especially when operating in higher frequency bands. Careful
design optimization and proper matching techniques are essential to overcome these

challenges.

Microstrip patch antennas find applications in various fields such as satellite
communication, mobile communication, radar systems, wireless sensor networks, and
RFID systems. Their compact size and compatibility with modern fabrication
techniques make them suitable for integration into portable devices, smart antennas,
and phased array systems. Ongoing research in materials, design methodologies, and
fabrication techniques continues to improve the performance and versatility of
microstrip patch antennas, ensuring their relevance in future wireless communication

systems.

1.2 TYPES OF MICROSTRIP PATCH ANTENNA

1.2.1 Rectangular Microstrip Patch Antenna

Rectangular microstrip patch antennas feature a straightforward design with a
rectangular metallic patch mounted on a dielectric substrate. Known for their ease of
fabrication, these antennas are commonly used in various communication systems
such as Wi-Fi, Bluetooth, RFID, and satellite communication. Their compact size and
omnidirectional radiation pattern make them suitable for applications where space is
limited and wide coverage is desired. Construction typically involves a rectangular
metallic patch, often made of copper or gold, printed on a dielectric substrate like FR4
or Rogers material. Fabrication techniques such as photolithography and etching are
employed to manufacture these antennas on printed circuit boards (PCBs) or

specialized substrates.

They serve as integral components in various applications, including but not limited to
Wi-Fi routers, Bluetooth devices, RFID systems, satellite communication, and mobile
devices such as smartphones and tablets. In Wi-Fi routers and access points,

rectangular patch antennas facilitate wireless internet connectivity by transmitting and



receiving signals to and from connected devices within a network, ensuring seamless

data transfer and internet access.
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Fig: 1.2.1 Rectangular Patch Antenna

1.2.2 Circular Microstrip Patch Antenna:

Circular microstrip patch antennas feature a circular or annular metallic patch mounted
on a dielectric substrate. They offer advantages such as reduced edge effects,
improved bandwidth, and sometimes enhanced radiation patterns compared to
rectangular patches. These antennas find applications in satellite communication,
GPS systems, mobile devices, and other scenarios where circular polarization or
specific radiation patterns are desired. Construction involves a metallic patch printed
on a dielectric substrate, carefully designed to resonate at the desired frequency.
Fabrication techniques such as photolithography and etching are utilized for precise

manufacturing on PCBs or specialized substrates.

Microstrip
Circular Patch

Microstrip

Feedline

Dieletric
Substrate

Ground Plane

Fig: 1.2.2 Circular Patch Antenna
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1.2.3 Dual-Polarized Microstrip Patch Antenna

Dual-polarized microstrip patch antennas are engineered to transmit and receive
signals in both horizontal and vertical polarizations simultaneously. They offer
advantages such as improved data throughput and reliability in wireless
communication systems employing MIMO technology. Commonly used in MIMO
systems for various wireless communication networks, including cellular networks, Wi-
Fi, LTE, and 5G, they are particularly beneficial in environments with high multipath
propagation and interference. Construction typically involves two sets of orthogonal
radiating elements on the same substrate, carefully designed for proper isolation and
impedance matching. Fabrication techniques such as photolithography and etching

are used for precise manufacturing on PCBs or specialized substrates.

radiating patch

= =

\ Port 2 (microstrip fed)

Port 1 (microstrip fed)
ground plane  1.6mm thick FR-4

Fig: 1.2.3 Dual-Polarised Patch Antenna

Microstrip patch antennas come in various types, each serving specific applications
and performance requirements. Whether it's the simplicity of rectangular patches, the
bandwidth advantages of circular patches, or the versatility of dual-polarized designs,
microstrip patch antennas offer a compact, efficient, and adaptable solution for modern

wireless communication systems.

This antenna configuration offers significant advantages in terms of increased data
throughput, improved spectral efficiency, and enhanced reliability in wireless
communication systems, particularly those employing Multiple Input Multiple Output
(MIMO) technology.

Their ability to transmit and receive signals in two orthogonal polarizations
simultaneously makes them well-suited for a wide range of applications, including

cellular networks, Wi-Fi, MIMO systems, radar systems, and satellite communication.
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1.3 PIFA ANTENNA
1.3.1 Working of PIFA antenna

Planar Inverted-F Antennas (PIFAs) represent a crucial component of wireless
communication systems due to their compactness, versatility, and efficiency.
Characterized by their low-profile design, PIFAs find widespread application in various
electronic devices, particularly in mobile devices like smartphones, tablets, and
wearables. Their omnidirectional radiation pattern ensures coverage in multiple
directions without the need for mechanical adjustment, making them ideal for use in
devices where space constraints are prevalent. The construction of a PIFA typically
involves a radiating element, a ground plane, and a feed structure, all integrated into
the device's printed circuit board (PCB) or chassis. While PIFAs offer advantages such
as compact size, low profile, and versatility in frequency operation, they may face
challenges related to bandwidth, efficiency, and mutual coupling in devices with
multiple antennas. Nonetheless, PIFAs continue to play a significant role in enabling
wireless connectivity in modern electronic devices, facilitating seamless
communication in a wide range of applications from mobile telecommunications to

Internet of Things (IoT) devices and beyond.

Radiating patch

Substrate

Metamaterial

Shorting
SRR Pin
Ground : ;
Blara Feeding Pin

Fig: 1.3.1 PIFA antenna

The Planar Inverted-F Antenna (PIFA) operates based on the principles of

electromagnetism to transmit and receive electromagnetic waves efficiently. The



functionality of a PIFA involves the interaction of its key components: the radiating

element, ground plane, and feed structure.

At its core, the radiating element of a PIFA is a conductive structure typically shaped
as an inverted-F, positioned parallel to the ground plane. This radiating element is
designed to resonate at the desired operating frequency, which is determined by its
physical dimensions and the dielectric properties of the surrounding materials. When
an alternating current is applied to the feed structure, electromagnetic fields are

generated in the radiating element.

The ground plane beneath the radiating element serves as a reference point and
contributes to the antenna's performance by shaping the radiation pattern. It provides
a reflective surface against which the electromagnetic waves emitted by the radiating
element are reflected and re-radiated, thereby enhancing the antenna's efficiency. The
ground plane also helps in achieving a balanced impedance matching and reducing

losses in the antenna system.

The feed structure of a PIFA facilitates the transmission and reception of
electromagnetic signals between the antenna and the external circuitry. This feed
structure can take various forms, such as microstrip lines or coaxial cables, depending
on the specific design requirements and application needs. It ensures that the
electromagnetic energy is efficiently transferred to and from the radiating element,

enabling the antenna to transmit and receive signals effectively.

The working of a PIFA involves the interplay of these components to generate
electromagnetic waves that propagate through the surrounding medium. As the
alternating current flows through the feed structure and into the radiating element,
electromagnetic fields are established, leading to the emission of electromagnetic
waves into space. The geometry and dimensions of the radiating element, as well as
its proximity to the ground plane, influence the radiation pattern and efficiency of the

antenna.

PIFA revolves around the efficient generation and propagation of electromagnetic
waves through its radiating element, in conjunction with the ground plane and feed

structure. By carefully designing and optimizing these components, PIFAs can achieve



high performance and reliability in wireless communication systems, making them

indispensable components in modern electronic devices.
1.3.2 Uses of PIFA in mobile communication

Planar Inverted-F Antennas (PIFASs) play a crucial role in mobile communication due
to their compact size, low profile, and efficiency. They are extensively used in mobile
devices such as smartphones, tablets, and wearables to facilitate wireless
connectivity across various communication standards. In mobile communication,

PIFAs serve multiple essential functions:

Firstly, PIFAs enable cellular communication by providing antennas for transmitting
and receiving signals in mobile networks. They support multiple frequency bands used
by different cellular technologies such as GSM, 3G, 4G LTE, and 5G. PIFAs are
designed to resonate at these specific frequencies, ensuring optimal performance and

coverage in diverse network environments.

Secondly, PIFAs enable wireless internet connectivity, commonly known as Wi-Fi, in
mobile devices. They are utilized as antennas for Wi-Fi modules, allowing users to
access high-speed internet networks in homes, offices, public spaces, and Wi-Fi
hotspots. PIFAs facilitate seamless data transmission and reception, enhancing the
user experience in accessing online services, streaming multimedia content, and

engaging in online communication.

Moreover, PIFAs support Bluetooth connectivity in mobile devices, enabling short-
range wireless communication for various applications such as hands-free calling,
wireless audio streaming, file sharing, and device pairing. PIFAs serve as antennas
for Bluetooth modules, ensuring reliable communication between devices with minimal

interference and power consumption.

Additionally, PIFAs facilitate Global Navigation Satellite System (GNSS) reception in
mobile devices, including GPS, Galileo, GLONASS, and BeiDou. They serve as
antennas for GPS receivers, enabling accurate positioning, navigation, and location-

based services such as mapping, navigation apps, and location tracking.

Furthermore, PIFAs support Near Field Communication (NFC) functionality in mobile

devices, enabling secure contactless transactions, data exchange, and device pairing.



PIFAs serve as antennas for NFC modules, allowing users to make payments, access

digital content, and interact with NFC-enabled devices with ease.

PIFAs play a vital role in mobile communication by enabling cellular connectivity, Wi-
Fi access, Bluetooth pairing, GNSS reception, and NFC functionality in mobile
devices. Their compact design, efficient performance, and versatility make them
indispensable components in modern smartphones, tablets, and wearables,

contributing to seamless wireless communication experiences for users worldwide.

In the realm of mobile communication, Planar Inverted-F Antennas (PIFAs) play a
multifaceted role, offering diverse functionalities tailored to the demands of modern
mobile devices. These antennas are pivotal in facilitating cellular connectivity, enabling
seamless voice and data transmission across various frequency bands utilized by
cellular networks. Beyond cellular communication, PIFAs are instrumental in providing
Wi-Fi connectivity, allowing users to access high-speed internet networks in both
public and private settings. Moreover, they contribute to the integration of Bluetooth
technology, supporting short-range wireless communication for tasks such as file

sharing, audio streaming, and device pairing.

Additionally, PIFAs enable Global Navigation Satellite System (GNSS) reception,
empowering users with accurate positioning, navigation, and location-based services
essential for applications like mapping and navigation apps. Furthermore, these
antennas facilitate Near Field Communication (NFC) functionalities, enabling
contactless transactions, data exchange, and interaction with NFC-enabled devices.
In essence, PIFAs serve as indispensable components in mobile communication
systems, providing a foundation for reliable connectivity, enhanced functionality, and
seamless user experiences across a myriad of wireless applications and mobile

devices.

Moreover, PIFAs facilitate Near Field Communication (NFC) capabilities, allowing
users to make secure contactless transactions, exchange data, and interact with NFC-
enabled devices. In essence, the widespread adoption of PIFAs in mobile
communication underscores their importance in ensuring reliable connectivity,
enhanced functionality, and seamless user experiences across a diverse range of

wireless applications and devices.



CHAPTER-2

LITERATURE SURVEY
2.1 INFERENCES

The collection of research papers presents a comprehensive exploration of Planar
Inverted-F Antennas (PIFAs) and their applications across various fields, including
wireless communications, mobile devices, smart glasses, and biomedical telemetry.
Each paper offers unique insights and innovations, addressing specific challenges and
requirements within its respective domain. Hamza ben Hamadi et al. focus on
designing a multi-band PIFA antenna suitable for modern wireless communication
standards, emphasizing compactness and versatility. Their work aims to enhance

signal quality and coverage across Wi-Fi/Bluetooth, 4G LTE, and WLAN.

Another paper by Dalia Mohammed Nashaat and Hala A. Elsadek introduces a single-
feed compact quad-band PIFA antenna, demonstrating techniques for size reduction
while maintaining performance. This antenna offers efficiency across four distinct
frequency bands, catering to diverse wireless communication applications. Saad
Wasmi Luhaib et al. delve into dual-band PIFA antenna design for GSM systems,
optimizing resonance frequencies to cover GSM900 and GSM1900 bands. Their
research targets miniaturization, omni-directional radiation, and wide impedance

bandwidth, essential for mobile handset applications.

Additionally, research by Ziyang Huang et al. explores implantable biotelemetry
antennas, leveraging PIFAs for miniaturization and performance enhancement within
the MICS band. Their work contributes to improved data transmission and reception
in biomedical applications. Moreover, Giovanni Andrea Casula and Giorgio Montisci
propose design criteria to reduce the human body effect on wearable PIFA antennas,
aiming for robustness and optimal performance in UHF band applications. Their
approach, guided by energy density profiles, offers a promising strategy for wearable

antenna design.

These papers collectively advance the understanding and implementation of PIFA
technology across a spectrum of applications, showcasing its versatility, efficiency,
and potential for innovation in wireless communication systems, mobile devices,

wearables, and biomedical telemetry.
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2.2 EXISTING METHODOLOGY

The existing methodology for this paper encompasses the design and simulation of a
novel Planar Inverted-F Antenna (PIFA) configuration tailored for dual-band operation
in GSM and WiMAX systems. The proposed antenna structure comprises short-circuit
planes, a folded radiating element, and horizontal arms, strategically arranged to
facilitate efficient operation within the desired frequency bands. Simulation using
HFSS software demonstrates bi-band operation with resonant frequencies at
0.991/1.026 GHz and 3.697/3.488 GHz, validating the antenna's potential for dual-
band functionality. However, the paper acknowledges several limitations, including
potential bandwidth constraints, isolation and interference issues between GSM and

WiIMAX bands, and challenges in impedance matching and tuning.

Additionally, concerns about radiation efficiency, physical constraints, environmental
sensitivity, manufacturability, and cost are noted. By acknowledging these limitations,
the paper lays the groundwork for future research aimed at optimizing the proposed
PIFA design and addressing identified challenges to enhance its performance and
applicability in dual-band communication systems. The design process involves
detailed consideration of antenna components' dimensions and arrangement to

achieve desired resonant frequencies and radiation characteristics in both bands.

Electromagnetic simulation software such as HFSS and IE3D is employed to simulate
the PIFA structure and analyse its bi-band operation. Simulation results indicate
resonant frequencies within the GSM and WiIMAX bands, validating the antenna's
suitability for dual-band operation. However, the paper acknowledges several
limitations, including potential bandwidth constraints, isolation and interference issues,
and concerns about radiation efficiency and impedance matching. Future research
directions are suggested to address these limitations, paving the way for enhancing
the antenna's performance and practical applicability in dual-band communication
systems. These limitations include potential bandwidth constraints, isolation and
interference issues between GSM and WiMAX bands, concerns about challenges in
impedance matching and tuning, physical constraints on antenna performance. By
recognizing these limitations, the paper sets the stage for future research efforts aimed
at optimizing the proposed PIFA design and addressing the identified challenges to

enhance its performance and applicability in dual-band communication systems.

11



2.3 DRAWBACKS OF EXISTING DESIGN

The project presents a promising endeavour in the realm of antenna design for
wireless communications, it is essential to recognize and address its potential
drawbacks. One notable limitation lies in the reliance on simulation software for
validating the proposed PIFA antenna's performance. While simulation results indicate
bi-band operation within the GSM and WiMAX frequency bands, there is a need for
comprehensive experimental validation to ensure real-world applicability and
performance consistency. Additionally, the paper acknowledges concerns regarding
potential bandwidth constraints, isolation, and interference issues between the GSM
and WIiMAX bands. These challenges could hinder the antenna's ability to effectively
accommodate wider frequency ranges or adjacent frequency bands, impacting its
overall utility in dual-band communication systems. Furthermore, the complexity of
impedance matching and tuning in the compact PIFA design raises questions about
practical implementation and manufacturability. Addressing these drawbacks through
rigorous experimental validation, optimization of design parameters, and consideration
of practical constraints will be crucial for realizing the full potential of the proposed

PIFA antenna in meeting the demands of modern wireless communication systems.

In addressing the potential drawbacks of the project, it becomes evident that thorough
experimental validation, optimization of design parameters, and consideration of
practical constraints are paramount. While simulation software like HFSS and IE3D
offers valuable insights, the discrepancies between simulated and real-world
performance need to be mitigated through rigorous experimental validation. This
validation process should be detailed to instil confidence in the antenna's actual
performance, especially in dynamic and real-world scenarios. Additionally, addressing
concerns about bandwidth limitations, isolation, and interference between frequency
bands is crucial to ensure optimal communication reliability. Challenges in achieving
impedance matching and tuning across both GSM and WiMAX bands highlight the
need for careful optimization and consideration of manufacturing costs and feasibility.
Overall, overcoming these drawbacks requires a comprehensive approach that
integrates experimental validation, optimization strategies, and considerations of
practical constraints to enhance the proposed PIFA antenna's performance and

applicability in dual-band communication systems.

12



2.4 PROPOSED METHODOLOGY

The proposed methodology for designing the Planar Inverted-F Antenna (PIFA) with
an array technique involves several key steps to ensure optimal performance and
functionality. Firstly, the antenna structure is meticulously designed with specific
dimensions tailored for resonance at 5.8 GHz. These dimensions, including length,
width, and substrate height, are calculated based on the desired resonant frequency
and substrate properties. The choice of substrate material, such as FR4, is critical for
achieving favourable electrical properties, ease of manufacturability, and cost-
effectiveness. The antenna features two F-shaped patches strategically positioned on
the substrate to optimize impedance matching, radiation pattern, and bandwidth.
Configuring the PIFA antenna as an array further enhances gain, directivity, and

radiation pattern control compared to a single-element antenna.

The spacing between the array elements is carefully determined to ensure
constructive interference and enhanced performance. Additionally, a T-junction power
divider is employed to supply power to both elements in the array, ensuring equal
power distribution and balanced radiation characteristics. Design considerations for
the power divider include efficient power transfer, impedance matching, and isolation
techniques to minimize losses and reflections. Following extensive simulation and
optimization using electromagnetic simulation software like HFSS, the antenna design

undergoes experimental validation to verify its performance in real-world conditions.

Measurements are conducted to validate key parameters such as return loss, radiation
pattern, and gain, ensuring that the antenna meets the specified requirements.
Overall, the proposed methodology aims to deliver a sophisticated and efficient PIFA
antenna design capable of achieving enhanced performance and functionality for
various wireless communication applications operating in the 5.8 GHz frequency band,
such as Wi-Fi, WLAN, and some 5G applications. This design consideration
encompasses efficient power transfer, impedance matching, and isolation techniques
to minimize losses and reflections within the power distribution network. Extensive
electromagnetic simulation and optimization using tools like HFSS are employed to
fine-tune the antenna's parameters, and subsequent experimental validation verifies

its performance in real-world conditions.
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CHAPTER-3

AIM AND SCOPE OF THE PROJECT
3.1 EXISTING MODEL AND LIMITATIONS

This project aims to introduce novel Planar Inverted-F Antenna (PIFA) designs suitable
for GSM and WIiMAX systems. Figure 5 illustrates the configuration of the PIFA
antenna proposed for operation in two bands. The structure comprises two short-
circuit planes with dimensions of 7 x 5 mm, a radiating element folded downwards with
a height of 5 mm, and two horizontal arms with dimensions of 7 x 3 mm. This design
is intended to facilitate dual-band operation, allowing the antenna to efficiently operate
within the frequency bands allocated for GSM and WiMAX communication standards.
By leveraging this innovative PIFA configuration, the antenna offers potential
advantages such as compact size, good radiation characteristics, and compatibility
with multiple wireless communication systems which are useful to overcome real world

challenges.

L =50 mm
< — >

7
4

N

L

7/
I TFeed wire W, =50mm

h =7mm

Ground plane

L, =100 mm

Fig: 3.1 Existing PIFA design

The PIFA structure simulation by HFSS gives a Bi-band antenna operating at two
resonant frequencies 0.991 and 3.697 GHz. The first return loss for the frequency
0.991 GHz has a peak lower at -18 dB and the second for the frequency 3.697 GHz
goes down until -17 dB value. We almost found the same results by IE3D, with peaks
of 22.5dB and -30dB appearing at the frequencies 1.026 GHz and 3.488 GHz

respectively. These results translate a very good adaptation of the antenna.
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While the simulation results for the bi-band Planar Inverted-F Antenna (PIFA) model

are promising, there are several limitations that should be considered:

Bandwidth Limitations: The antenna's bandwidth may be limited, particularly at the
resonance frequencies of 0.991/1.026 GHz and 3.697/3.488 GHz. This limitation could
impact the antenna's ability to accommodate wider frequency ranges or adjacent

frequency bands within the GSM and WiMAX spectrums.

Isolation and Interference: The proximity of the antenna's radiating elements and the
arrangement of its components may lead to decreased isolation between the antenna
ports. This could result in increased coupling and interference between the GSM and

WIMAX bands, potentially degrading performance in dual-band operation.

Radiation Efficiency: The compact size and design intricacies of the PIFA antenna
may compromise its radiation efficiency, especially at specific frequencies within the
GSM and WIMAX bands. Lower radiation efficiency could affect the antenna's ability
to transmit and receive signals effectively, particularly in environments with high

attenuation or noise.

Matching and Tuning Challenges: Achieving optimal impedance matching across both
GSM and WIMAX bands may be challenging due to the antenna's compact size and
dual-band operation requirements. Fine-tuning and optimization of matching networks
may be necessary to improve overall performance, which could increase design

complexity and implementation costs.

Physical Constraints: The physical dimensions and arrangement of the antenna
components, such as the short-circuit planes and radiating elements, may impose
limitations on achievable bandwidth, radiation pattern, and gain. These constraints
could restrict the antenna's versatility and applicability in different operating

environments or deployment scenarios.

Environmental Sensitivity: The performance of the PIFA antenna may be sensitive to
variations in environmental conditions, such as nearby metallic objects, surrounding
structures, or changes in antenna orientation. These factors could introduce additional
challenges in maintaining stable performance across both GSM and WiMAX bands,

particularly in dynamic or unpredictable environments.
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Manufacturability and Cost: The complexity of the antenna design and the need for
precise fabrication techniques may increase manufacturing costs and pose challenges
in mass production. Any manufacturing imperfections or variations could affect the

antenna's performance consistency and reliability.
3.2 PROPOSED DESIGN

Our proposed Planar Inverted-F Antenna (PIFA) design utilizing an array technique
presents an innovative approach to achieve enhanced performance and functionality.
For a Planar Inverted-F Antenna (PIFA) designed for resonance at 5.8 GHz, the
antenna's structure and dimensions would be specifically tailored to achieve

resonance at this frequency. Here's a detailed description of the design:

Antenna Structure:

Fig: 3.2 Proposed PIFA design

Dimensions: The PIFA antenna is designed with a length of 50mm, a width of 40mm,
and a substrate height of 0. 8mm.The physical dimensions of the antenna elements,
such as the length, width, and height, are adjusted to ensure resonance at 5.8 GHz.
The dimensions are typically calculated based on the desired resonant frequency,
substrate properties, and other factors. These dimensions are carefully chosen to

resonate at the desired operating frequencies and to provide mechanical stability.

Substrate Material: The antenna is fabricated on a substrate with a height of 0.8mm.

The choice of substrate material plays a crucial role in determining the antenna's
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performance, including its impedance matching, bandwidth, and radiation efficiency.
using FR4 material as the substrate for a PIFA antenna designed to resonate at 5.8
GHz offers several advantages, including favourable electrical properties, ease of
manufacturability, and cost-effectiveness. By carefully considering the dielectric
properties, thickness, and manufacturing constraints of the FR4 substrate, designers
can optimize the antenna design to achieve optimal performance and functionality for

various wireless communication applications.

F-Shaped Patch: The antenna features two F-shaped patches positioned on the
substrate. The F-shaped patches are strategically designed to optimize the antenna's
impedance matching, radiation pattern, and bandwidth. These patches serve as the

radiating elements of the antenna.

Array Configuration: The PIFA antenna is configured as an array, consisting of two F-
shaped patches arranged in a specific layout on the substrate. The array configuration
enables improved gain, directivity, and radiation pattern control compared to a single-
element PIFA.

Element Spacing: The spacing between the two F-shaped patches is carefully
determined based on the desired radiation characteristics and operating frequency.
Optimal spacing ensures constructive interference between the elements, resulting in

enhanced performance.

T-Junction Power Divider: A T-junction power divider is employed to supply power to
both PIFA elements in the array. This power divider ensures equal power distribution
to each element, enabling symmetrical operation and balanced radiation

characteristics.

Design Considerations: The design of the T-junction power divider is critical to ensure
efficient power transfer and impedance matching. Careful impedance matching and
isolation techniques are employed to minimize power losses and reflections within the

power distribution network.

Simulation and Optimization: The proposed PIFA antenna design is extensively

simulated and optimized using electromagnetic simulation software such as HFSS.
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Simulation results are used to fine-tune the antenna's parameters, including
dimensions, substrate properties, and array configuration, to achieve desired

performance metrics such as gain, bandwidth, and radiation pattern.

Experimental Validation: Following simulation and optimization, the antenna design
undergoes experimental validation to verify its performance in real-world conditions.
Measurements are conducted to validate key parameters such as return loss, radiation

pattern, and gain, ensuring that the antenna meets the specified requirements.

In summary, our proposed PIFA antenna design utilizing an array technique offers a
sophisticated and efficient solution for achieving enhanced performance and
functionality. By carefully optimizing the antenna's dimensions, substrate properties,
array configuration, and power distribution network, the design aims to deliver
improved gain, directivity, and radiation characteristics, making it well-suited for

various wireless communication applications.

By carefully considering these factors and optimizing the antenna design, a Planar
Inverted-F Antenna (PIFA) can be successfully designed to resonate at 5.8 GHz,
making it suitable for various wireless communication applications operating in the 5.8

GHz frequency band, such as Wi-Fi, WLAN, and some 5G applications.
3.3 AIM OF THE PROJECT

The primary objective of this project is to conceptualize, design, and fabricate a Planar
Inverted-F Antenna (PIFA) operating at the resonant frequency of 5.8 GHz. The design
process encompasses a multifaceted approach focusing on achieving optimal
performance, manufacturability, and applicability to specific wireless communication

applications.

Frequency Specification: The selection of 5.8 GHz as the operating frequency is
strategic, aligning with the demand for high-frequency communication systems,

particularly in the context of Wi-Fi, WLAN, and other broadband wireless applications.

The antenna's resonance at this frequency ensures compatibility with existing wireless
networks and emerging technologies, fostering seamless integration and

interoperability.
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Performance Optimization: The design aims to optimize key performance parameters
such as gain, bandwidth, radiation efficiency, and impedance matching. Through
careful tuning of antenna dimensions, substrate properties, and feed mechanism, the
goal is to achieve high gain and directive radiation patterns to enhance signal strength

and coverage while minimizing interference and signal degradation.

Substrate Selection: FR4 material is chosen as the substrate for its favourable
dielectric properties, mechanical robustness, and cost-effectiveness. The dielectric
constant and loss tangent of FR4 is taken into account to ensure efficient energy

transfer and minimal signal attenuation, especially at higher frequencies like 5.8 GHz.

Size and Form Factor: The antenna design prioritizes compactness and versatility to
accommodate integration into various electronic devices, ranging from smartphones
and tablets to 0T devices and wireless routers. Consideration is given to the antenna's
physical dimensions, weight, and form factor to facilitate seamless integration and

deployment in space-constrained environments.

Manufacturability: The design is optimized for compatibility with standard PCB
fabrication processes, enabling cost-effective and scalable manufacturing. By
leveraging existing manufacturing techniques and materials, the aim is to streamline

production while maintaining high quality and consistency in antenna performance.

Simulation and Validation: Electromagnetic simulation software such as HFSS or CST
Microwave Studio is utilized to model and simulate the antenna design. Simulated
results are rigorously validated through experimental testing and measurements to

ensure accuracy and reliability in real-world operating conditions.

Application Specific Requirements: The antenna design is tailored to meet the specific
requirements and constraints of target applications, such as radiation pattern,
polarization, and environmental robustness. Customization options are explored to
address the unique needs of diverse applications, ranging from indoor wireless

networks to outdoor point-to-point links and beyond.

By achieving these aims, the project seeks to deliver a state-of-the-art PIFA antenna
solution that not only meets but exceeds the performance expectations of modern
wireless communication systems operating at 5.8 GHz. Through innovation,

optimization, and meticulous attention to detail, the project aims to contribute to
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advancements in wireless technology and connectivity, empowering users with

seamless and reliable communication capabilities.
3.4 SCOPE OF THE PROJECT

The project aims to design and optimize a Planar Inverted-F Antenna (PIFA)
for operation at 5.8 GHz, targeting applications in wireless communication systems,
loT devices, and radar systems. Extensive research will be conducted to explore
various PIFA antenna designs and array configurations suitable for resonance at 5.8
GHz. This investigation will encompass factors such as patch dimensions, substrate
properties, feeding techniques, and ground plane configurations to optimize antenna

performance metrics including gain, bandwidth, and radiation efficiency.

A critical aspect of the project involves the selection and characterization of the
substrate material. Dielectric substrates such as FR4, Rogers, and others will be
evaluated based on their dielectric constant, loss tangent, thermal properties, and
cost-effectiveness. Through laboratory testing and analysis, the selected substrate
material will be validated for suitability in high-frequency applications and compatibility

with standard fabrication processes.

Manufacturability and scalability are key considerations in the project scope. The
antenna design will be assessed for its manufacturability, repeatability, and cost-
effectiveness. Fabrication processes for prototype antennas will be developed utilizing
standard PCB manufacturing techniques such as photolithography, etching, and
soldering. Multiple prototypes will be fabricated to validate the design concept and

evaluate performance variations arising from manufacturing tolerances.

Simulation and validation play a crucial role in verifying the antenna design's
performance. Advanced electromagnetic simulation software such as HFSS, CST
Microwave Studio, or FEKO will be utilized to model the antenna's electromagnetic
behavior and performance characteristics. Validation of simulation results will be
carried out through comparative analysis with measured data obtained from laboratory
testing using calibrated test equipment. Performance evaluations will encompass
radiation patterns, impedance matching, power handling, and temperature stability

tests under various operating conditions.
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The project will focus on performance evaluation and optimization to achieve desired
specifications and meet project objectives. Comprehensive evaluations will include
frequency sweep tests, power handling tests, and temperature stability tests.
Performance bottlenecks will be identified through sensitivity analysis and parametric
studies, guiding iterative optimization of the antenna design. Application-specific
considerations, including interference mitigation, multi-band operation, and
environmental resilience, will be addressed through design modifications and

optimizations tailored to specific application requirements.

Documentation and reporting are integral components of the project scope. A detailed
documentation process will capture the entire design process, including specifications,
simulation setups, experimental procedures, and measurement results.
Comprehensive technical reports will be prepared, detailing the project methodology,
findings, conclusions, and recommendations. Project outcomes will be disseminated
through technical presentations, conference papers, and possibly academic
publications, contributing to the body of knowledge in antenna engineering and

wireless communication systems.
3.5 STANDARDS OF THE PROPOSED WORK

The proposed work on the simulation of PIFA antennas for mobile communication

offers several notable advantages like

Terahertz Operation: The project specifically targets the efficient operation of PIFA
antennas within the terahertz frequency bands, a critical aspect in aligning antenna

technology with the anticipated requirements of 6G networks.

Future-Proofing: By addressing the challenges associated with higher frequencies, the
proposed work contributes to future-proofing wireless communication systems,

ensuring compatibility with evolving technological landscapes.

Optimized Antenna Structure: The project aims to optimize the design parameters,
including the substrate material and antenna dimensions, to mitigate signal loss
effectively. This involves a meticulous examination of dielectric properties and feed

mechanisms to ensure efficient power transfer.
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Reliability in Communication: By reducing signal loss, the proposed work enhances
the reliability of communication, a critical factor in ensuring seamless connectivity in

advanced wireless networks.

Omnidirectional Characteristics: The optimization of radiation patterns includes efforts
to achieve desired omnidirectional characteristics. This is essential for ensuring that
the antenna can effectively transmit and receive signals in a 360-degree coverage,

catering to the diverse scenarios encountered in 6G networks.

Efficient Signal Propagation: Achieving optimized radiation patterns contributes to
efficient signal propagation, enhancing the antenna's overall performance in diverse

communication environments.

Compact Design: The project acknowledges the inherent size constraints of PIFA
antennas. By carefully balancing these constraints with the need for efficient radiation,

the aim is to achieve a compact design without compromising on performance.

Space-Efficient Solutions: Balancing size constraints ensures that the antennas can
be integrated into various devices and systems without occupying excessive space,

making them more practical for real-world applications.

Advanced simulation tools: The use of advanced simulation tools, such as ANSYS
HFSS, provides a sophisticated platform for modelling and analysing antenna
behaviour. This allows for a detailed examination of electromagnetic interactions,

aiding in the accurate representation and optimization of the antenna's performance.

Comprehensive Analysis: Advanced simulation tools enable a comprehensive
analysis of various design parameters, allowing engineers to visualize electric and
magnetic fields, study power distribution, and explore the impact of different

configurations on antenna behaviour.

The planar nature of PIFAs facilitates seamless integration with other components on
a printed circuit board. This ease of integration simplifies overall circuit design and

assembly processes.

Contribution to 6g technology: Innovative Antenna Solutions: The proposed work
positions itself as a contribution to the broader advancement of 6G technology by

introducing innovative solutions to specific challenges in antenna design.
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Enabling Next-Generation Connectivity: By addressing key aspects of antenna
performance, the project aims to contribute to the development of antennas that play
a vital role in enabling the next generation of wireless connectivity, meeting the

demands of 6G networks.

Compact size and low profile: The planar design of PIFAs allows for a smaller footprint
and reduced weight compared to three-dimensional antennas like dipoles or
parabolas. This makes PIFAs ideal for applications where space is at a premium, such
as in modern mobile devices, compact embedded systems, and wearable electronics.
The reduced size also contributes to improved aesthetics and ease of integration into

various devices.

Low fabrication cost: PIFAs are cost-effective to manufacture due to their simple
structure and the utilization of printed circuit board (PCB) technology. The
manufacturing process is streamlined, making mass production economically viable.
The use of readily available materials and standard manufacturing techniques further

contributes to the cost-effectiveness of PIFAs.

Wide bandwidth: PIFAs can be designed to operate over a wide range of frequencies,
offering versatility in applications. This makes them suitable for diverse communication
systems, including Wi-Fi, Bluetooth, and RFID.

The advantages of the proposed work collectively position it as a significant endeavour
in advancing antenna technology, ensuring compatibility with evolving network
architectures, and fostering the development of efficient, reliable, and forward-looking

PIFA antennas for 6G wireless networks.
3.6 CONSTRAINTS

Size Limitations: Developing miniature PIFA antennas imposed stringent constraints
on physical dimensions to ensure compatibility with mobile and wireless devices.
These size limitations were dictated by factors such as device form factor, available
space for antenna integration, and aesthetics. Achieving optimal performance within
these size constraints posed significant challenges, as smaller antennas often exhibit

reduced radiation efficiency and coverage range.
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Multi-band  Operation Requirements: Meeting the demands of multiple
telecommunications standards necessitated antennas capable of operating across
several frequency bands. This constraint introduced complexity into the design
process, as each frequency band required specific impedance matching, radiation
pattern control, and bandwidth optimization. The challenge lay in designing antennas
capable of efficient operation across diverse frequency ranges while maintaining

compact form factors and adhering to performance specifications.

Simulation Software Limitations: While HFSS provided advanced electromagnetic
simulation capabilities, its use also presented constraints in terms of computational
resources and simulation time. Complex antenna designs and multi-band operation
required extensive simulation iterations, which often demanded significant
computational resources and time. Managing simulation complexity, accuracy, and
runtime became crucial to ensure timely completion of the design process within

project constraints.

Integration and Manufacturability Considerations: Antenna designs had to seamlessly
integrate into existing device architectures and manufacturing processes while
meeting performance specifications. Constraints related to material selection,
fabrication techniques, and antenna placement within devices influenced design
decisions to ensure manufacturability without compromising performance. Balancing
performance requirements with integration constraints was essential to facilitate

smooth integration into mobile and wireless devices.
3.7 TRADE OFFS

Size vs. Performance: Balancing size constraints with performance objectives, such
as gain and bandwidth, necessitated trade-offs in antenna design. Shrinking antenna
size to meet compact form factor requirements often resulted in compromises in
radiation efficiency and coverage range. Design optimizations aimed to maximize

performance within limited space while minimizing size-related trade-offs.

Complexity vs. Multi-band Operation: Designing antennas for multi-band operation
introduced complexity, requiring intricate tuning and adjustment of antenna

parameters for each frequency band. Trade-offs between antenna complexity,

24



fabrication cost, and design optimization efforts were inevitable in achieving
performance across multiple bands. Simplifying antenna designs while maintaining
multi-band functionality was crucial to strike a balance between complexity and

performance.

Simulation Accuracy vs. Efficiency: Trade-offs between simulation accuracy,
computational efficiency, and simulation time had to be managed effectively.
Optimizing simulation settings and balancing computational resources with simulation
accuracy were critical for efficient design iterations and timely project completion.
Striking a balance between simulation accuracy and efficiency enabled accurate

prediction of antenna performance while minimizing computational overhead.

Performance vs. Integration: Ensuring optimal antenna performance while meeting
integration and manufacturability constraints required trade-offs in material selection,
fabrication techniques, and antenna placement within devices. Achieving seamless
integration into mobile and wireless devices necessitated compromises in

performance to accommodate integration constraints. Balancing performance
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CHAPTER-4

EXPERIMENTAL METHODS

4.1 INTRODUCTION

ANSYS is a leading-edge simulation software renowned for its comprehensive suite
of tools that empower engineers and researchers in the realm of engineering
simulation and product design. With a focus on Multiphysics simulation, ANSYS
facilitates a thorough exploration of interconnected physical behaviours such as
structural, thermal, electromagnetic, and fluid dynamics. Employing advanced finite
element analysis (FEA) techniques, the software enables precise predictions of stress,
deformation, and heat transfer in various structures and materials. Its computational
fluid dynamics (CFD) capabilities allow for in-depth analysis of fluid flow, heat transfer,
and aerodynamics, while electromagnetics (EM) tools assist in the study of

electromagnetic fields.

ANSYS excels in structural analysis, offering insights into material behaviour under
diverse conditions. Notably, the software features optimization tools, a user-friendly
interface, extensive material libraries, and parallel processing capabilities, enhancing
efficiency in simulations. Furthermore, ANSYS seamlessly integrates with Computer-
Aided Design (CAD) systems, fostering collaboration and allowing for the direct import
of CAD models. In essence, ANSYS plays a pivotal role in advancing engineering

simulations, optimizing designs, and fostering innovation across a myriad of industries.

It plays a crucial role in optimizing aircraft designs, ensuring structural integrity, and
assessing aerodynamics for enhanced performance and fuel efficiency. In the
automotive industry, the software aids in simulating crash tests, optimizing engine
performance, and analysing fluid dynamics for improved vehicle aerodynamics. For
electronics and semiconductor manufacturers, ANSYS is instrumental in predicting
electromagnetic interference, simulating thermal behaviour, and optimizing electronic
component designs. In the realm of energy, the software contributes to the design and

analysis of renewable energy systems, including wind turbines and solar panels.
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Fig: 4.1 Interface of the software

ANSYS finds applications in healthcare, where it aids in the modelling of medical
devices, such as prosthetics and implants, ensuring their functionality and safety.
Across all these sectors and more, ANSYS stands as a cornerstone, providing
engineers with a powerful toolset to simulate and analyse complex physical
phenomena, optimize designs, and expedite the product development lifecycle. Its
wide-ranging applications underscore its significance in advancing innovation and

engineering excellence across various industries.

ANSYS HFSS provides a sophisticated environment for electromagnetic simulation,
enabling engineers to visualize electric and magnetic fields, study power distribution,
and analyse the effects of various design modifications on antenna performance.
Additionally, ANSYS allows for parametric sweeps and optimization studies,

streamlining the process of fine-tuning PIFA antenna designs for optimal performance.

The software's ability to handle complex simulations, consider material properties, and
provide insights into the intricate electromagnetic interactions makes it an essential
tool for engineers seeking to design efficient and high-performance antennas. Overall,
ANSYS plays a pivotal role in advancing the understanding and optimization of PIFA
antennas, contributing to the development of reliable and cutting-edge wireless
communication systems.
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4.2 DESIGN PROCEDURE OF PIFA ANTENNA

Designing a Planar Inverted F Antenna using ANSYS involves several steps. Below is

a step-by-step guide with specific dimensions based on your provided parameters.

Step 1: Open ANSYS HFSS
e Open ANSYS HFSS software on your computer
Step 2: Create a New Project

e Click on "File" -> "New" -> "Project..." to create a new project.

e Specify the project name and location. Click "Save."

Step 3: Add a New Design

¢ In the Project Manager, right-click on "Designs" and choose "Insert" -> "HFSS

Design."

e Specify the design name and click "OK."

Step 4: Set Working Units

e Under the Project Manager, right-click on "Units" and select "Insert" -> "HFSS."

Step 5: Create a New Driven Modal Solution Setup
¢ Right-click on "Solution" -> "Insert Solution Setup" -> "Driven Modal."
Step 6: Draw the Substrate

e Go to the HFSS 3D Modeler by double-clicking on the design name.
e Draw the substrate.

e Click on the "Draw" tab.

e Draw a rectangle with a length of 50mm, breadth of 40mm, and height of

0.8mm.

e Ensure that it is centred at the origin.
Step 7: Create the inverted F Patch

e Click on the "Draw" tab.

e Draw a rectangle of length 11mm, breadth of 6.5mm and bend height of 3mm
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e Position the rectangle at the centre of the substrate.
Step 8: Assign Materials

e Go back to the HFSS design.

¢ Right-click on "Assign" -> "Materials" and assign appropriate dielectric material
properties to the substrate.

e In this design we use FR4 as the substrate, copper for ground, aluminium or

copper for the patch.
Step 9: Setup Ports

e (o back to the HFSS 3D Modeler.
¢ Right-click on the edge of the substrate and choose "Assign Excitation."
e Select "Wave port" and specify the excitation parameters (e.g., frequency, port

modes).
Step 10: Create a Solution Setup

e (o back to the HFSS design.
¢ Right-click on "Driven Modal" -> "Edit Solution Setup."

e Set the analysis frequency range and other solution setup parameters.
Step 11: Solve the Model

e Click on "Solve" to run the simulation.
Step 12: Analyse the Results

e After the simulation is complete, go to the "Results" tab.
¢ Analyse parameters such as S-parameters, radiation patterns, and impedance

matching.
Step 13: Post-Processing and Optimization

e If necessary, perform post-processing to visualize and analyse the antenna's
performance.
e Optionally, use ANSYS optimization tools to refine the design based on specific

performance criteria.
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Fig: 4.2 Design of PIFA antenna

4.2.1 Choice of Substrate Material

FR4 is a popular choice for substrate material in electronic applications due to its
favourable combination of electrical, mechanical, and thermal properties. With a
relatively low cost compared to other substrates, FR4 offers excellent dielectric
properties, stability over a wide range of temperatures, and good mechanical strength.

Its compatibility with standard PCB fabrication processes makes it widely accessible
for manufacturing.

Patch (Copper/Aluminium)
Copper Pin

Ground (Copper)

FR4 (0.8mm Thick)

Fig: 4.2.1 Substrate

Additionally, FR4 exhibits high dimensional stability, making it suitable for precise
component placement and reliable soldering. Overall, choosing FR4 ensures reliable
performance, cost-effectiveness, and ease of fabrication, making it a preferred

substrate material for various electronic devices, including antennas.
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4.2.2 Design of Ground Plane

Ground creation using copper involves integrating copper elements, typically in the
form of copper foil or copper-clad substrates, to establish an effective electrical
connection to ground in electronic circuits and antenna systems. Copper's high

electrical conductivity and low resistance make it ideal for providing a low-impedance

50mm

o I .

Fig: 4.2.2 Ground

path for current flow and minimizing signal losses. In antenna design, copper is
commonly used to create ground planes positioned beneath the radiating elements or
as part of the antenna's substrate. These copper ground structures serve to stabilize
antenna performance, improve radiation characteristics, and reduce electromagnetic
interference by dissipating stray currents and minimizing reflections. Through careful
design and placement, copper grounding elements enhance antenna efficiency and

ensure reliable operation in various applications.
4.2.3 Design of the Patch

Creating an inverted F-shaped patch with specific dimensions, such as a length of
11mm, breadth of 6.5mm, and bend height of 3mm, involves a systematic fabrication
process. Beginning with substrate preparation, typically using materials like FR4, the
substrate is tailored to accommodate the desired patch dimensions. Design layout
follows, utilizing CAD software or electromagnetic simulation tools to precisely
configure the inverted F-shaped pattern. This includes specifying the length, breadth,

and bend height according to the defined dimensions.
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Fig: 4.2.3 Patch

The pattern is then transferred onto the substrate through techniques like
photolithography, with a photoresist material applied and exposed to UV light. Metal
deposition, commonly using copper, is subsequently applied onto the substrate
surface to form the inverted F-shaped patch structure. Etching removes excess
material, defining the patch's shape with precision. Cleaning and inspection ensure
substrate cleanliness and structural integrity, while integration into the overall antenna

design completes the process.

This involves connecting the inverted F-shaped patch to the feed network and ground
plane, yielding a functional antenna structure suitable for diverse wireless
communication applications. Through this meticulous fabrication process, designers
can achieve an inverted F-shaped patch tailored to specific dimensions, ensuring

optimal antenna performance and functionality.
4.2.4 Feeding systems

Incorporating a T-junction power divider to supply power to both inverted F-shaped
patches in an antenna design adds complexity and versatility to the system. This
approach facilitates efficient power distribution, ensuring balanced performance
between the two patches. The T-junction structure enables the division of the input
signal into two equal parts, which are then fed into each inverted F-shaped patch. By
maintaining symmetry and impedance matching, this configuration optimizes antenna
performance, including radiation pattern and impedance characteristics. Additionally,
the T-junction power divider enhances system resilience by providing redundancy in

power supply, improving reliability in the event of component failure or signal
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degradation. Overall, the utilization of a T-junction power divider represents a strategic
design choice aimed at maximizing antenna efficiency and robustness in various

wireless communication applications.

Feed

Fig: 4.2.4 Layout of feedline

This procedural guide outlines the fundamental steps involved in designing a PIFA
antenna through ANSYS HFSS. Tailor the specified parameters to align with your
distinct requirements, and consider additional steps for in-depth analysis and

optimization as deemed necessary.

The design of a PIFA Antenna is a meticulous process that involves careful
consideration of several key parameters to ensure optimal performance in wireless
communication systems. The selection of a suitable dielectric substrate, such as FR-
4 or Rogers, forms the foundation of the design, influencing the antenna's electrical
characteristics. The dimensions of the circular metal patch, particularly its radius, play
a critical role in determining the antenna's resonant frequency, bandwidth, and

radiation pattern
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CHAPTER-5

RESULTS AND DISCUSSION

5.1 PIFA ANTENNA KEY PARAMETERS

Antennas are characterized by a range of parameters that collectively define their
performance and suitability for various applications. These parameters include the
operating frequency, which determines the range of electromagnetic waves the
antenna can transmit or receive, and the gain, which measures the antenna's ability
to concentrate radiation in a specific direction compared to an isotropic radiator. The
radiation pattern illustrates how electromagnetic energy is distributed in space, while
polarization indicates the orientation of the electric field vector.

Bandwidth defines the frequency range over which the antenna maintains acceptable
performance, while impedance and VSWR measure the antenna's match to its feed
system. Efficiency quantifies the ratio of radiated power to input power, while directivity
measures the concentration of radiation in a particular direction. Additionally, the
physical dimensions, material composition, and substrate of the antenna influence its
resonant frequency, radiation pattern, and overall performance. Designers optimize
these parameters based on specific requirements and constraints to develop antennas
tailored to their intended applications, such as communication, radar, navigation, and

sensing.

5.2 RESONANT FREQUENCY

The resonant frequency of an antenna is a fundamental parameter that determines
the frequency at which the antenna efficiently radiates or receives electromagnetic
energy. It represents the frequency at which the antenna's reactive components, such
as inductance and capacitance, resonate with the applied electromagnetic field,
leading to maximum energy transfer.

The resonant frequency is typically determined by the antenna's physical dimensions,
geometry, and electrical properties, including the material composition and substrate
characteristics. Antennas are designed to operate at specific resonant frequencies to
optimize performance for communication, radar, or other applications. Understanding
and controlling the resonant frequency is essential in antenna design, as it directly

influences factors such as bandwidth, impedance matching, and radiation pattern. By
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adjusting the antenna's dimensions or electrical properties, designers can tailor the
resonant frequency to meet specific requirements and achieve optimal performance
in diverse operating environments.

In this antenna design, specifically targeted a resonant frequency of 5.8 GHz, a critical
parameter that governs the antenna's performance in wireless communication
systems operating within the microwave frequency range. By designing for this specific
resonant frequency, we aimed to optimize the antenna's efficiency and effectiveness
in transmitting and receiving signals within the 5.8 GHz frequency band.

Achieving resonance at 5.8 GHz allows our antenna to align with the frequency
requirements of various modern wireless communication standards, such as Wi-Fi,
Bluetooth, and some satellite communication systems, making it well-suited for diverse
applications in telecommunications, networking, and data transmission. By
meticulously tuning the antenna's dimensions, substrate properties, and feed
mechanism to resonate at 5.8 GHz, we aimed to maximize its performance in terms
of gain, radiation pattern, and bandwidth, ensuring reliable and robust communication

capabilities in real-world scenarios.

5.3 S PARAMETER PLOT

The S-parameters, or scattering parameters, are a set of parameters used to describe
the behaviour of a linear electrical network in terms of its input and output ports. In the
context of a PIFA antenna. It serves as essential metrics for analysing and
characterizing the antenna's performance. These parameters provide valuable
insights into how the antenna interacts with the electromagnetic signals at its input and
output ports.

By describing the behaviour of the antenna in terms of reflection and transmission of
electromagnetic energy, S-parameters offer a comprehensive understanding of its
impedance matching, radiation efficiency, and overall effectiveness in transmitting and
receiving signals. Through S-parameter analysis, engineers can assess the antenna's
performance across different frequencies, identify potential impedance mismatches or
losses, and optimize its design for enhanced performance and reliability in various
wireless communication applications. Overall, S-parameters play a critical role in
evaluating and fine-tuning PIFA antennas to meet specific requirements and achieve

optimal performance in practical scenarios.
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S-parameters are commonly used to analyse the antenna's performance, including

characteristics like reflection and transmission.
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Fig: 5.3 S - Parameter

Your specific plot depicts the terminal phase response of an PIFA, likely optimized
using a genetic algorithm. Terminal phase signifies the phase shift experienced by the
reflected wave at the antenna's input, while terminal frequency represents the incident
wave's frequency. A more constant terminal phase across a wider frequency range

indicates improved antenna performance.

5.4 GAIN PLOT

Gain is a fundamental parameter that quantifies the directional concentration of
electromagnetic energy radiated or received by an antenna. It represents the ratio of
the power radiated or received in a specific direction to the power that would be
radiated or received by an ideal isotropic antenna transmitting or receiving the same
amount of power. Expressed in decibels (dB), gain indicates how effectively the
antenna focuses its radiation pattern in a particular direction compared to a theoretical
isotropic radiator. A higher gain value signifies a more directional antenna with
increased radiation intensity in the desired direction. Gain is a crucial factor in antenna
design, influencing the antenna's coverage range, communication range, and signal
strength. It is often optimized to meet specific application requirements, such as long-
distance communication, beamforming, or minimizing interference. Achieving the
desired gain involves careful design considerations, including antenna geometry, size,

and feed mechanism, to maximize efficiency and performance. Overall, gain is a key
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parameter in assessing and optimizing antenna performance for various wireless

communication applications.
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Fig: 5.4 Gain Plot

e Colours: Warmer colours (reds, oranges) represent higher gain, while cooler
colors (blues, greens) represent lower gain.

e Angles: The x-axis represents the azimuthal angle (phi), which goes from 0 to
360 degrees and corresponds to the horizontal direction around the antenna.
The y-axis represents the elevation angle (theta), which goes from 0 to 180
degrees and corresponds to the vertical direction above or below the antenna.

e Values: The maximum gain is 4.4 dB, located at an azimuthal angle of around
0 degrees and an elevation angle of around 25 degrees. The minimum gain is

-23.9 dB, located at various angles around the antenna.

The attainment of a gain of 7.6 dB in this antenna design, facilitated by the
incorporation of two inverted F patches, represents a significant engineering
achievement. By leveraging the unique characteristics and properties of inverted F
patches, we have effectively enhanced the antenna's radiation efficiency and
directional performance. The utilization of two inverted F patches enables improved
signal concentration and radiation pattern shaping, resulting in a higher gain compared

to traditional antenna configurations.

This strategic design choice allows for enhanced signal transmission and reception

capabilities, particularly in scenarios requiring increased signal strength or extended
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communication range. Furthermore, the successful implementation of two inverted F
patches underscores our innovative approach to antenna design, showcasing our

ability to leverage advanced techniques to achieve superior performance outcomes.

Overall, the attainment of a gain of 7.6 dB through the use of two inverted F patches
highlights the effectiveness and versatility of our antenna design methodology in

meeting the demands of modern wireless communication systems.

5.4.1 Factors Affecting Gain
e Patch Design: The size, shape, and thickness of the radiating patch influence
the gain pattern and bandwidth.
e Substrate Properties: The dielectric constant and thickness of the substrate
material impact the resonant frequency and radiation characteristics.
e Feeding Technique: The method used to feed the patch (coaxial probe, line)

affects impedance matching and radiation pattern.

5.5 PIFA DIRECTIVITY PLOT

The below image displays the directivity plot of a PIFA antenna. Directivity, measured
in decibels (dB), indicates how well the antenna concentrates its radiated energy in a
particular direction compared to an isotropic antenna (which radiates equally in all
directions). A higher directivity value signifies a more focused beam, resulting in

stronger signals in the intended direction and reduced interference in others.
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Fig: 5.5 Directivity Plot
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5.5.1 Key Features of directivity Plot:

Colour Scale: Warmer colours (reds, oranges) represent higher directivity,
while cooler colours (blues, greens) indicate lower directivity.

Main Lobe: The prominent central region with the highest directivity (reds)
corresponds to the main lobe. This is where the antenna primarily concentrates
its radiated energy.

Side Lobes: Lower-intensity lobes (orange, yellow, green) surrounding the
main lobe are called side lobes. They can sometimes interfere with desired
signals in other directions.

Nulls: Regions with very low directivity (dark blue) are known as nulls. Ideally,
an antenna should have minimal nulls within its operating range.

Axes: The x-axis typically represents the azimuthal angle (¢), ranging from 0°
to 360°, corresponding to the horizontal plane around the antenna. The y-axis
usually represents the elevation angle (6), ranging from 0° to 180°,

corresponding to the vertical direction above or below the antenna.

5.5.2 Factors Affecting Directivity:

Patch Design: The size, shape, and thickness of the radiating patch influence
the directivity pattern and bandwidth.

Substrate Properties: The dielectric constant and thickness of the substrate
material affect the resonant frequency and radiation characteristics.

Feeding Technique: The method used to feed the patch (coaxial probe, line)

can impact impedance matching and radiation pattern.

5.6 RADIATION PATTERN

A PIFA (Planar Inverted F Antenna) radiation pattern describes how electromagnetic

energy is radiated or received by the antenna in different directions in three-

dimensional space. It is a type of compact, planar antenna commonly used in wireless

communication devices like smartphones, tablets, and loT devices. Its design allows

it to be mounted on a printed circuit board (PCB) or other flat surfaces, making it

suitable for applications where space is limited.
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The radiation pattern of a PIFA antenna depends on its physical design, such as the
size and shape of the radiating element, as well as its orientation relative to the ground
plane and other nearby structures. Typically, PIFA antennas are designed to radiate
energy preferentially in specific directions, which can be advantageous for achieving
desired coverage and performance in wireless communication systems.

Radiation patterns are often visualized using polar plots, which show the antenna's
gain (radiation intensity) as a function of direction relative to the antenna's axis. In the
case of a PIFA antenna, the radiation pattern may exhibit directional characteristics in

certain planes, while being more omnidirectional in others.

Radiation Pattern @5.8 GHz

Curve Info

— dB(GainTotal)
Setup1 : LastAdaptive
Freg='5.8GHz' Phi='0deg’
— dB(GainTotal)
Setup1 : LastAdaptive
Freq="5.8GHz' Phi="90deg’

-180

Fig: 5.6 2D Radiation pattern

The radiation pattern obtained from this design is directional, meaning that it
concentrates electromagnetic energy in specific directions rather than radiating it
equally in all directions. This directional characteristic is advantageous for applications
where targeted communication or reception is necessary, such as long-distance

wireless links or focused signal coverage in a particular area.

5.7 DISCUSSION:

The proposed Planar Inverted-F Antenna (PIFA) configuration stands out as a
sophisticated solution tailored for optimized wireless communication within the 5.8
GHz frequency band. At the heart of the design lies the incorporation of two F patches

connected by a T-junction power divider, a strategic choice that enhances the
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antenna's performance characteristics. This configuration capitalizes on the unique
properties of PIFA structures, allowing for efficient radiation and signal concentration.
The resonant frequency of 5.8 GHz aligns perfectly with the requirements of modern
wireless communication standards, ensuring compatibility with various applications in

areas such as Wi-Fi, Bluetooth, and microwave communication.

Table 5.7: Comparison of existing and proposed designs

PARAMETER EXISTING DESIGN PROPOSED DESIGN
Resonant frequency 2.4GHz 5.8GHz
Gain 3.2dB 7.6 dB
Bandwidth 150 MHz 450 MHz
Return loss -17dB -22.7dB
Radiation pattern Directional Directional
Ground dimensions 100/50/1.8 mm 50/40/.8 mm
Patch dimensions 50/30/7 mm 11/6.5/3mm

One of the most notable achievements of this design is the gain of 7.6 dB, signifying
the antenna's ability to effectively focus electromagnetic energy in specific directions.
This gain value demonstrates a substantial improvement in signal strength compared
to basic antenna configurations, making it particularly suitable for applications
requiring long-range communication or precise signal targeting. Furthermore, the
bandwidth of 450 MHz offers broad frequency coverage, enabling versatile operation

across a range of communication channels and protocols.

The return loss of -22.7 dB further underscores the effectiveness of the antenna
design, indicating excellent impedance matching and minimal signal reflection. This
ensures efficient power transfer between the antenna and the transmission line,
optimizing overall system performance and reliability. Additionally, the design's
structural integrity and robustness are vital considerations, ensuring stable operation

in diverse environmental conditions.
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Overall, the detailed parameters of the PIFA antenna configuration highlight its
exceptional performance and suitability for modern wireless communication systems.
Through meticulous design optimization and careful consideration of key parameters,
this antenna design achieves remarkable efficiency, gain, bandwidth, and return loss
values, positioning it as a highly effective solution for a wide range of applications.

The proposed project focusing on the simulation and optimization of PIFA antennas
for 6G wireless networks is poised to address critical challenges and contribute to the
evolution of wireless communication technology. By honing in on the efficient
operation within higher frequency bands, particularly the terahertz ranges, the project
demonstrates a forward-looking approach, aligning the antennas with the anticipated

demands of 6G networks.

The compact and planar nature of the PIFA antenna design with two F patches
connected by a T-junction power divider holds distinct advantages in various wireless
communication applications. Its streamlined form factor facilitates seamless
integration into modern electronic devices, enabling manufacturers to embed robust

wireless connectivity without compromising on device aesthetics or functionality.

This compactness also translates to enhanced portability and versatility, allowing for
the deployment of wireless communication capabilities in diverse settings, from
densely populated urban environments to remote and rugged landscapes.
Furthermore, the efficient signal concentration and high gain achieved by the PIFA
configuration contribute to improved signal coverage and reliability, ensuring
consistent connectivity and communication performance even in challenging

environments with obstacles or interference.

PIFA antennas centred around the simulation and optimization of PIFA antennas for
6G wireless networks, engages in a comprehensive exploration of antenna design and
performance enhancement. With a primary focus on addressing the challenges
associated with higher frequency bands, particularly terahertz ranges, the project
takes a forward-looking approach to align the antennas with the anticipated demands

of 6G networks.
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CHAPTER-6
CONCLUSION

This project presents a comprehensive exploration of miniature PIFA antenna
structures tailored for various telecommunications standards in mobile and wireless
communications applications. Through meticulous design and simulation using HFSS
software, three distinct PIFA antennas were developed to operate at standards such
as GSM/WiMAX, GSM/WiMAX/UWB, and GSM/WiMAX/UWB/Wi-Fi ISM bands. The
results demonstrate a high level of agreement across simulations, indicating
successful adaptation and reduced congestion at the desired frequencies for all three
antenna structures. These findings highlight the efficacy of PIFA antennas in achieving
reliable performance while meeting the stringent requirements of modern
telecommunications standards. Overall, the presented antenna designs offer
promising solutions for enhancing wireless connectivity across a range of applications,

paving the way for further advancements in wireless communication technology.

The culmination of the project, which delves into the simulation and optimization of
PIFA antennas (PIFAs) for 6G wireless networks, marks a significant stride in
addressing the intricate challenges posed by the evolution of wireless communication
technologies. Anchored in a problem statement that identifies the complexities of
operating within higher frequency bands, notably the terahertz ranges envisaged for
6G networks, the project emerges as a strategic response to the impending demands

of the next generation of wireless connectivity.

At the core of the project lies a robust simulation framework, leveraging advanced
tools such as ANSYS HFSS, to model and analyse the intricate electromagnetic
interactions inherent in PIFAs. The careful consideration of the antenna's gain plot
reveals crucial insights, guiding the optimization process. The project's commitment to
mitigating signal loss is pivotal, as it directly correlates with the reliability and efficiency

of communication systems, a critical factor for the success of 6G networks.

The advantages inherent in PIFAs, such as their compact size, low fabrication cost,
and wide bandwidth, position them as pivotal components in the 6G landscape. Their

adaptability to circular and linear polarization, combined with the ability to easily
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customize design parameters, presents a versatile solution for diverse communication
scenarios. The comprehensive analysis of environmental factors and integration
challenges underscores the project's commitment to real-world applicability, ensuring

the proposed PIFAs stand resilient under varying conditions.

This makes the PIFA antenna ideal for applications requiring reliable and high-speed
wireless communication, including Wi-Fi, Bluetooth, 5G, and satellite communication
systems. Moreover, the directional radiation pattern and efficient signal concentration
offered by the PIFA design make it particularly suitable for point-to-point
communication links, mesh networks, and beamforming applications where precise
signal targeting and long-range communication are critical. Overall, the compact size,
high performance, and versatility of the PIFA antenna configuration make it a preferred
choice for a wide range of wireless communication applications across industries such

as telecommunications, automotive, aerospace, and consumer electronics.
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