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ABSTRACT

This report describes the design of filter using the parallel coupled-line
technique with the defected ground structure. This project has three main phases,
which are designing phase, fabricating phase and the measuring phase. This filters is
required to operate at 10G Hz frequency. The filter’s design and structure is base on
the chebyshev prototype characteristic. The characteristics can be visualized through
the responses of reflection coefficient and transmission coefficient, which later will

be noted as S;; and Sy; respectively.

In this report there will be an overview on how to design, fabricate and
measure designs that meet the specification for the filter. The applications and
software that will be used in designing the filter will be described. There will be an
introduction to the filter concept and filters designs. Detailed theoretical calculations
that have been performed will be shown in the following sections. The schematic
diagrams together with the simulations result of filter is presented with all the
parameters that have been introduced. All the parameters are related to the equations
of the design phase, and other constraints that might be involved in the design

process are given.

Finally, the measured results of the fabricated filters are discussed.
Additionally, the operations of the filter and the approaches taken in finalizing the
final design are described. The responses and the characteristics of the filter are
observed by using a network analyzer. Furthermore, future work and improvements

to the accuracy and the performance of the filters are discussed.
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ABSTRAK

Laporan ini menerangkan reka bentuk penapis menggunakan teknik “Parallel
Coupled-Line” dengan “Defected Ground Structure”. Projek ini mempunyai tiga fasa
utama iaitu fasa mereka bentuk, fasa fabrikasi, dan fasa mengukur. Penapis ini
diperlukan untuk beroperasi pada frekuensi 10G Hz. Struktur dan reka bentuk
penapis ini adalah berdasarkan prototaip ciri “chebyshev”. Ciri-ciri yang boleh
dilihat melalui tindak balas pekali pantulan dan pekali penghantaran, yang

kemudiannya akan dicatatkan sebagai S1; dan Sy;.

Dalam laporan ini, akan digambarkan mengenai bagaimana untuk mereka
bentuk, fabrikasi dan mengukur reka bentuk yang memenuhi spesifikasi untuk
penapis. Aplikasi dan perisian yang akan digunakan untuk mereka bentuk penapis
akan diterangkan.Di dalam laporan ini juga, akan ada pengenalan mengenai konsep
penapis dan mereka bentuk penapis. Pengiraan secara teori terperinci yang telah
dilakukan akan ditunjukkan di dalam bahagian-bahagian berikut. Skema litar
bersama dengan hasil simulasi penapis akan dibentangkan dengan semua parameter-
parameter yang telah ditetapkan. Semua parameter yang berkaitan dengan persamaan
fasa mereka bentuk, dan kekangan lain yang mungkin terlibat dalam proses reka

bentuk akan di bentangkan.

Akhir sekali, hasil pengukuran fabrikasi penapis akan dibincangkan. Selain
itu, operasi penapis dan pendekatan yang diambil dalam memuktamadkan reka
bentuk akhir penapis ini akan diterangkan. Maklum balas dan ciri-ciri penapis akan
dinilai menggunakan “network analyzer”. Tambahan pula, kerja-kerja dimasa
hadapan dan penambahbaikkan terhadap Kketepatan dan prestasi penapis

dibincangkan.
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CHAPTER 1

INTRODUCTION

1.1 Project Overview

The primary idea is to design and fabricate a 10G Hz Distributed Bandpass
Filter. Later, its performance will be measured and demonstrate. The filter’s design
and structure is based on the chebyshev prototype characteristic. The characteristics
can be visualized through the responses of reflection coefficient and transmission
coefficient, which later will be noted as S;1 and Sy; respectively. Theoretically, with
correct calculation and proper fabrication processes, the performance of the filter can
be clearly identified since the filter characteristic will only allow the desired

frequency band to operate.

Formation of the distributed filter will adopt the Parallel-Coupled Strip Line
Resonators technique and will be fabricated using microstrip line that will be etched
on the top of blank printed circuit board. Simulation package named Advanced

Design Package (ADS) will be used to design and simulate the filer.

All the principles and the detailed operatios will be discussed and elaborated

in the subsequent chapter.
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1.2 Problem Statement

Microstrip is a cheaper, reliable and easy to connect with other planar
devices. Compare to waveguide, microstrip is thus much less expensive than
traditional waveguide technology, as well as being far lighter, has high Q factor and
is more compact. Most present day, systems demand for small size, lightweight and
low cost. The employment of microstrip technology arises extensively over the

years. So microstrip are particularly suited to those applications where low profile.

1.3 Objective

The main objective of doing this project is to observe the performance of
Band Pass filterwith Defected Ground Sturcture operating at a frequency of 10G Hz.
It is also to gain better understanding on the operability of the intended filter by
allowing good transmission of desired signal and at the same time reject the
undesirable signal at 10G Hz. On the other hand, to design, fabricated and analyze

the Band Pass Filter with DGS and lastly to achieve size minimization of the design.

In addition, with the specific operating frequency accurate design and filter

characteristic selection is crucial to produce the correct filter performance.
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14  Scope

The headline is Parallel Coupled-Line Technique with Defected Ground
Structure for Bandpass Filter at 10G Hz. This project is personally new for me.
Consequently, in the beginning of the project the basic information on how the filter
works was brought together to have an overview of filter opertion. The aspects that
need full attention in designing an accurate filter to produce best performance have

been studied to implement this project in the early stage.

A book titled “Microwave Filters, Impedance-Matching Networks, and
Coupling Structures™, written by G. Matthaei, L. Young and E. M. T. Jones was
used as guidance indesign technique for filters with parallel-coupled strip line

resonators that | am going to produce for this project for the distributed filter.

Therefore, as part of performing research on these types of filters, | also need
to get familiar with the basic filter concepts in order to make a filter as required to

complete this project.

The most important aspect that need to be aware for this project, to what type
of work that need more time to be designed, fabricated and tested where required
high accuracy of designing and calculations method. Then simulations and

optimizations testing need to be done using ADS simulation package.

By dividing the project into two stages, it will significantly reduce the
duration applied to complete this project. in the first stage, the distributed filter is
designed, calculated and simulated. Then in the second stage, the performace of the
filter is tested and measured. This allows any problems that arise during each stage to

be tackled carefully and correct consideration can be made.
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1.5  Project Outline

This thesis comprises of six chapters. The first chapter briefly discusses

project overviewthat is the introduction, objectives, problem statements and scope.

Chapter 2 describes research findingsand information about the project from
selected references. This literature review has been explained about the coupled

microstrip lines.

Chapter 3 will discuss about the project methodology and design such as
calculation, simulation, fabrication and testing. All of these should be followed for a
better performance. | will also discuss project findings and analysis in this chapter.
All the initial simulation results of coupled microstrip lines and collected data are
documented using table and discussed. This is including the graphs that have been

obtained during the simulation.

Chapter 4 describes my hypothesis regarding the expected result and the

comparison between simulation and measurement.
Finally I will share my project conclusion together with recommendation for

possiblefuture works. The recommendation is added to give an opinion and guidance

for future improvements.
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

The operating RF filters in the microwave spectrum have many applications
including wireless handset and base stations, as well as satellite receivers and
military applications. All of these famous systems that been used in RF and
microwave filters is in order to allow good transmission of wanted signal
simultaneously rejects the unwanted signal frequencies. Recently published papers
investigating RF filter design reveal a need for ongoing development. These filters
operate in an increasingly crowded signal spectrum. They may operate in harsh
environments subject to shock, vibration, and extreme temperatures. The industry
experiences continuous pressure to improve performance while reducing the size and
cost of the filters and their associated systems. The RF front end of a cellular radio
base station block diagram shown in Figure 2.1(a) is the application of typical

filtering [1].

X | up-
filter converter ™
power
amplifier
antenna
RX ' | down-
filter converter —> RX
low noise
ERRE amplifier
TXRX <
diplexer

Figure 2.1(a): A Cellular Base Station RF Front End
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The most obvious application of filter structures, of course is for the rejection
of unwanted signal frequencies while permitting good transmission of wanted
frequencies. In microwave communications, the most common filters are used,

which are briefly described in the following [2]:

Low-Pass Filter

Low-pass filter networks transmit all signals between DC and some upper limit ax,
and attenuate all signals with frequencies above @ They are realized by using a
cascade of series inductors and shunt capacitors. The frequency range of the filter
specification has been divided into three areas. The passband extends from zero
frequency to the passband edge frequency fpassand the stop-band extends from the
stop-band edge frequency fsop to infinity. These two bands are separated by the

transition band that extends from fpags to fstop.

High-Pass Filter

High-pass filter pass all signals with frequencies above the cut-off value ax, to the
load with minimum loss and reject signal with frequencies below ax. High-pass filter
networks are realized by using cascade of series capacitors and shunt inductors. In
this case the passband extends from fpass to infinity and is located at a higher
frequency than the stop-band, which extends from zero to fsop. High-pass filter are

used to eliminate low frequencies from a signal.

Band-Pass Filter

The band-pass filter shows the signal is transferred to the load in a band of
frequencies between the lower cut-off frequency a1, and the upper cut-off frequency
2. Between the lower and upper cut-off frequency is the center frequency @y,
defined by the geometric mean of @ and @, [3]. A band-pass filter will pass a band
of frequencies while attenuating frequencies below or above that band. In this case,

the passband exists between the lower passband edge frequency fpass1 and the upper
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passband edge frequency fpass2. A band-pass filter has two stop-bands. The lower
stop-band extends from zero to fsop1, While the upper stop-band extends from fsiopo to

infinity.

Band-Reject (Stop) Filter

The band-reject filter is a complement of the band-pass filter. The signal experiences
high loss between @1 to @y, hence the name band-stop or band-reject. In this case
the band of frequencies being rejected is located between the two pass-bands. The
stop-band exists between the lower stop-band edge frequency fsop1 and the upper
stop-band edge frequency fsop2. The band-stop filter has two pass-bands, the lower
passband extends from zero to fyass1, while the upper passband extends from fyass> to

infinity.
All-Pass Filter
The all-pass filter allows the signal amplitude for all frequencies to pass through the

network without any signigficant loss. This network has no frequency selective pass-

band of stop-band.

a, dB o, dB
o == 0G o —=
| oo 1 . stop 4)|
BaND BAND
Pas PASE o
BAND [ B
| a I Q
0 1 1] I
Low-pass filter High-pass filter
o, dB o, dB
[ == o oL == & O —= 0
] 1 i STOP I
e e o R
Pass Pass
P 9I BAND4)| I —=
|| B | | o
0 Q. Q. 0 Q @2
Bandpass filter Bandstop filter

Figure 2.1(b):Four Common Type of Filter Characteristic [4]
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A review of some filter design basics will be helpful. Ludwig and Bretchko [5]
provide a textbook overview of filter basics. Filter types, theory and design are
reviewed. Filter types include Butterworth, Chebyshev and Linear filters. Chebyshev
filters are seen to have an advantage of fast transition between midband and out of
band signal spectrum. This transition is relatively slow for linear filters, which are
favored for their relatively linear phase across the filter’s spectrum. Higher phase
linearity implies less variation in signal (group) delay with frequency and therefore

less potential distortion across a filter’s passband [5-6].

2.2 Filter Parameters and Prototype

The primary function played by filters in today modern wireless
communication is to prevent inter-channel interference (ICI). The key aspect and
parameters for filter design are the operating frequency, input and output impedance
levels, 3dB bandwidth, insertion loss, return loss, roll-off, voltage standing-wave
ratio (VSWR), temperature range, group delay, and transient response [7]. Two main
prototypes of filter are Butterworth and Chebyshev with maximally flat and equal-

ripple respectively.
Butterworth

The Butterworth response is known as the maximally flat response. The response has
a smooth roll-off with no ripple. The transition-band is medium in width. The cutoff
of the filter is not sharp and the phase response is not too bad for low order filters.
This is the easiest filter type to compute pole or zero locations as they fall exactly on
a circle whose radius in the s-plane is the cutoff frequency. The phase response is fair
and there is moderate overshoot and ringing to a step function. This filter is a good
compromise when the time domain response is of medium importance relative to the

frequency domain response.
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