MODIFIED PARALLEL COUPLED LINE FILTER FOR WIFI APPLICATION

ZHOU ZHENG

A project report submitted in fulfilment of the
requirements for the award of the degree of

Master of Engineering (Wireless Communication And Network)

School of Electrical Engineering
Faculty of Engineering

Universiti Teknologi Malaysia

FEBRUARY 2022



DEDICATION

This thesis is dedicated to my father, who taught me that the best kind of
knowledge to have is that which is learned for its own sake. It is also dedicated to my
mother, who taught me that even the largest task can be accomplished if it is done
one step ata time.



ACKNOWLEDGEMENT

In preparing this thesis, | was in contact with many people, researchers,
academicians, and practitioners. They have contributed towards my understandingand
thoughts. In particular, | wish to express my sincere appreciation to my main thesis
supervisor, Dr. Mohamad Rijal Hamid, for encouragement, guidance, critics and
friendship. Without his continued support and interest, this thesis would not have been
the same as presented here.

My fellow postgraduate student should also be recognised for their support.
My sincere appreciation also extends to all my colleagues and others who have
provided assistance at various occasions. Their views and tips are useful indeed.
Unfortunately, itis not possible to list all of them in this limited space. | am grateful
to all my family member.



ABSTRACT

Wireless Local Area Network (WLAN) is a network that allows different devices
to communicate and connect without wire. The common application for WLAN in
daily life is Wireless Fidelity (WiFi). Most devices, such as mobile phones, laptops,
smartwatches, and some Internet of Things (IoT) devices support a WiFi connection.
Recently, the technology WiFi 6 has been introduced whichhasastandard of 802.11ax.
The operating frequency of WiFi 6 is 5 GHz with a bandwidth of 160 MHz. In the RF
frontend, a filter is very important in to filter out the unwanted signal and influence
the performance of applications. A parallel coupled line (PCL) bandpass filter is one
of the filters that can be used in WiFi transceiver, which has low cost and flexible
layoutand easy fabrication. Conventional PCL bandpass filter has large size ata higher
order and slow attenuation level in stop band at a lower order. Hence, the main
objective of this project is to design a PCL bandpass filter with a small size and have
good attenuation performance at the stop band. This can be achieved by adding extra
stub of coupled line and a quarter wavelength line for low order PCL filter to form
transmission zero at upper and lower stopband. The proposed PCL bandpass filter
support for WiFi 6 at 5GHz. The conventional PCL and proposed PCL bandpass filter
are designed by manual calculation. Simulation and optimization are done by using
CST and ADS softwares. The proposed filter is fabricated and comparison of
conventional and proposed PCL bandpass filter based on size and performance are
discussed. The proposed PCL bandpass filter has better performance in stopband
rejection level and the area taken in planar is smaller.
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ABSTRAK

Rangkaian Kawasan Setempat Tanpa Wayar (WLAN) ialah rangkaian yang
membenarkan peranti berbeza berkomunikasi dan bersambung tanpa wayar. Aplikasi
biasa untuk WLAN dalam kehidupan seharian ialah Wireless Fidelity (WiFi).
Kebanyakan peranti, seperti telefon mudah alih, komputer riba, jam tangan pintar dan
beberapa peranti loT menyokong sambungan WiFi. Terkini, teknologi WiFi ialah
WiFi 6 yang mempunyai standard 802.11ax. Frekuensi operasi WiFi 6 ialah 5 GHz
dengan lebar jalur 160 MHz. Penapis sangat penting dalam komunikasi tanpa wayar
untuk menapisisyaratyangtidak diingini dan mempengaruhi prestasi aplikasi. Penapis
laluan jalur gandingan selari (PCL) ialah salah satu penapis yang boleh digunakan
dalam transceiver WiFi, yang mempunyai kos rendah dan susun atur fleksibel serta
fabrikasi yang mudah. Penapis laluan jalur PCL konvensional mempunyai saiz yang
besar pada susunan yang lebih tinggi dan tahap pengecilan perlahan dalam jalur henti
pada susunan yang lebih rendah. Oleh itu, objektif utama projek ini adalah untuk
mereka bentuk penapis laluan jalur PCL dengan saiz yang kecil dan mempunyai
prestasi pengecilan yang baik pada jalur henti. Ini boleh dicapai dengan menambah
stub tambahan bagi talian berganding dan garis suku panjang gelombang untuk
penapis PCL tertib rendah untuk membentuk sifar penghantaran pada jalur henti atas
dan bawah. Penapis laluan jalur PCL direka untuk WiFi 6 pada 5 GHz. PCL
konvensional dan penapis laluan jalur PCL yang dicadangkan direka bentuk dengan
pengiraan manual. Simulasi dan pengoptimuman dilakukan dengan menggunakan
perisian CST dan ADS. Fabrikasi akan dilakukan untuk penapis yang dicadangkan.
Perbandingan penapis laluan jalur PCL konvensional dan cadangan berdasarkan saiz
dan prestasi akan dibincangkan. Hasil yang dijangkakan untuk projek ini ialah penapis
laluan jalur PCL yang dicadangkan mempunyai prestasi yang lebih baik dalam tahap
penolakan jalur henti dalam graf S;; dan kawasan yang diambil dalam planar adalah
lebih kecil.
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CHAPTER 1

INTRODUCTION

1.1  Problem Background

In the 21st century, communication technology has become an integral part of
people’'s lives. Especially for wireless communication makes human life much more
convenientdue to it requiringno wire and can operate at a certain distance. WLAN
(Wireless local area network) has been installed in different environments in a city
such as universities, homes, hospitals, shopping malls or even on a train and airplane.
802.11 is one of the standards for WLAN, which also can be called WiFi. Compared
to wireless mobile telecommunications technology, WiFi has faster speed and lower
cost. Hence, people prefer to use WiFi if it is available in their area. According to the
Global - 2021 Forecast Highlights - Cisco, 51.6% of total internet traffic was taken by
WiFi in 2016 and it forecast the WiFi will take up 52.6% of total internet traffic in
2021[1]. The currentand predict data of WiFi internet traffic illustrate that WiFi takes

up most of internet traffic and keepsincreasing.

WiFi networks are commonly regarded as infrastructure that is equally as
important as water and electricity. WiFi 5 is enabled by 802.11ac technology. It was
published in December 2013 as the fifth generation of WiFinetworkingstandards. The
standard operating frequency is 5 GHz, with bandwidth sectors of 20, 40, 80 and 160
MHz. The recenttechnology for WiFi is WiFi 6, which has standard 802.11 ax and
can also operate at 5 GHz with 20, 40, 80 and 160 MHz bandwidth [2].

Microwave filter is an essential part of the microwave communication system.
The performance of filter will affect the signal quality of the entire communication
system [3]. Hence, the signal quality of WiFi devices can be influenced by filter, hence
designing a good filter for WiFi is significantto have better performance. Low cost

and flexible layout and easy fabrication are the properties for Micro-strip filters.



Parallel coupled line (PCL) filters are the most commonly used Micro-strip filter [4]
and it can be one of the choices to design WiFi filter. A perfect filter would have
infinite attenuation in the stopband[5]. With the increase order of filter, the attenuation

level is higher. But the filter size will increase at the same time.

1.2 Problem Statement

WiFi is the most commonly WLAN application. The most recent technology
iIs WiFi 6, and it operates at 5 GHz with bandwidth up to 160 MHz. To have better
performance, a good filter design is needed. Conventional band-pass PCL filter has a
very low attenuation level at lower order. A high attenuation level aids a filter's ability
to differentiate between signals of comparable frequency and it is generally seen as a
desirable characteristic. The most common way to improve the attenuation level will
require higher order which results in more couple lines needed and size will be larger,
and it will take certain areas, which may lead to enlarge the WiFi devices size. Hence,

it needed to design a PCL filter which has less size compared to conventional filter.

1.3 Research Objectives

The objectives of the research are:

1. To design, simulate and fabricate the proposed filter which support for WiFi
6 and have good attenuation level.

2. To compare the performance of the proposed filter with the 1stand 3rd order

conventional PCL filters.



1.4  Scope of Project

The scope of this project is to design a modified first-order PCL filter. This
modified filter incorporated an extra coupled line with a quarter wavelength
transmission lane, which produces two transmissions zero symmetry to center
frequency and improves the attenuation level. In this project, the PCL filter is chosen
because of easy fabrication as compared to market filter. ADS circuit simulation and
CST EM simulation software is used to achieve the goal, which is to make size
reduction of 3 order conventional filter. The proposed and the conventional filter
performance will be executed in this project. Circuit fabrication of the proposed PCL

filter is done for verification purpose.
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