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ABSTRACT

Passband microstrip coupled line filter are widely used in daily microwave
engineering practice. There are various topologies to implement microstrip bandpass
filters such as end-coupled, parallel coupled, hairpin, interdigital and combine filters.
This thesis discusses design, simulation, fabrication and testing using microstrip
technology. The choice of a parallel coupled filter topology is discussed and an
application of the grooved substrate is presented to suppress the first spurious of
Parallel Coupled Microstrip Bandpass Filter (PCMBF). Band pass filters (BPF) are
significant role in wireless communication systems. These filters present an
undesired pass band at twice the design central frequency of the filter. The
narrowband with spurious suppression is achieved by using two stage PCMBF, BPF
was designed by replacing the tight couplers are arranged at the input and output of
the filter whist the weak couplers at the middle section of the tight coupler with
optimize groove. By using Sonnet Lite software it shown the BPF with 2.99GHz cut
off frequency and bandstop of to 7GHz has been simulated and fabricated on Flame
Retardant 4 (FR4) substrate by using etching process. Significant spurious

suppression up to 33.23dB is measured at 5.96GHz.
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ABSTRAK

Mikrostrip penapis lulus jalur digunakan secara meluas dalam kejuruteraan
gelombang mikro. Terdapat pelbagai topologi untuk melaksanakan mikrostrip
penapis lulus jalur seperénd-coupler, parallel coupled hairpin, interdigital dan
combline. Tesis ini membincangkan reka bentuk, simulasi, fabrikasi dan pengujian
dengan menggunakan teknologi mikrostrip. Pemilihan topologi penapis selari
dibincang dan penggunaasubstrate beralur dibentangkan untuk mengurangkan
spurious yang pertama daRarallel Coupled Microstrip Bandpass Filter (PCMBF).

Band pass filters (BPF) berperanan penting dalam sistem komunikasi tanpa wayar.
Penapis ini direka supaya melepaskan frekuensi yang tidak dikehendaki ditapis
difrekuensi tengah. Pengurangapurious dicapai dengan menggunakan dua
peringkat PCMBF, BPF direka dengartight coupler di bahagian masukan dan
keluaran, manakala pada bahagian tengah, menyusun penyusunan vsskara
coupler. Dengan menggunakan perisian Sonnet Lite dengan alur optimum
menunjukkan frekuensi tengah 2.99GHz dmmdstop sehingga 7GHz disimulasi
dan fabrikasi pad&lame Retardant 4 (FR4) substrate dengan menggunakan proses

etching. Penindasan Sourious ketara sehingga 33.23dB diukur pada 5.96GHz



CHAPTER 1

INTRODUCTION

1.1 Introduction

Filters are essential in the Radio Frequency (RF) front end of microwave
wireless communication systems. Parallel coupled microstrip structure has been
widely used as coupling components in the design of bandpass filter due to attractive
features [2]. Filters are frequency selective networks designed so as to pass certain
bands of frequencies and reject others. Filter are normally classified as low pass,
band-pass, high-pass or band stop according to the bands it pass with low loss or in
the case of the band stop filter, the band is reject. The four basic frequency responses
shown in Figure.l.1, the lowpass filter, pass low frequencies from Direct Current
(DC) up to the cut off frequency with no or little attenuation and attenuate high
frequencies. The highpass frequencies pass above the cut off frequency and
substantially reject below this frequency. The bandpass filters, pass one band
frequencies and reject both higher and lower frequencies. The bandstop filters,
eliminate or notch out specific frequency or band of frequencies from the frequency

spectrum.
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Figure 1. 1 : Filter types according to frequendedtvity.

The lowpass, bandpass and bandstop filters find important applications in
signal selection in microwave systems and fabricated in microstrip. It is an
important application and sometimes fabricated in microstrip in signal selection in
microwave system. BPF is a passive component which is able to select signals inside
a specific bandwidth at a certain center frequency and reject signals in another
frequency region. Parallel-coupled microstrip bandpass filter is one of the most
popular BPF and can be applied in many applications of microwave communication
systems. General coupled bandpass filter is shown in Figure.1.2 illustrates a general
structure of parallel coupled-line microstrip bandpass filter that uses half wavelength
line resonators. This parallel arrangement gives relatively large coupling for agiven
spacing between resonators, this filter structure is particularly convenient for

constructing filter having wider bandwidth as compared to the other structures.



Figure 1. 2 : General structure of parallel coupled-line microstrip bandpass filter.

The filter structure is open circuited coupled microstrip lines. The
components are positioned so that adjacent resonators are parallel to each other along
half of their length. The resonators are coupled by means of gap capacitances
between the resonator sections. The resonator leriytasd the couping gaps (s)

between successive resonators are important design parameters [3].

This parallel arrangement gives relatively large coupling for a given spacing
between resonators and making this filter structure particularly convenient for
constructing filters having a wider bandwidth as compared to other type of bandpass

filter.

1.2 Problem Statement

In microwave communication systems, the bandpass filter is an essential
component which is usually used in both receiver and transmitters. Thus, the quality
of bandpass filter is extremely important. Parallel coupled microstrip structure has
been widely used as coupling components in the design of bandpass filter due to
attractive.  Although microstrip parallel coupled bandpass filter with uniform
coupled microstrip line sections are popular, the conventional design suffer from the

spurious passband at the harmonic response at second resonance frequency.



Detection of a wanted signal may be impossible if unwanted signals and noise are
not removed sufficiently by filtering. Electronic filters allow some signals to pass,
but stop others. To be more precise, filters allow some signals frequencies applied at
their input terminal to pass through to their output terminals with little or no
reduction in signal level. The spurious passbands especially appear at twice the
centre frequency (gf This spurious response degrades the rejection properties of

the system.

The presence of harmonic at second resonance frequency also worsens the
performance of upper stopbands and lead degradation of the overall systems
performance. These effects are mainly due to the presence of even and odd mode at
the parallel-coupled elements, with difference in their velocities. The various
methods that have been proposed in the literature to suppress the filter spurious
passband located at twice the centre frequencgy. (2& new method proposed to
suppress the spurious response using a grooved substraté? dtueBof chebyshev
response was chosen to investigate the performance of the filter, with and without

periodical square grooves.

1.3 Objectives

The objectives of this project is,

)] To designed parallel coupled bandpass filter for 2.99GHz at S- band (2GHz to
4GHz) operating frequency.

i)  To analyse the performance of the designed filter in terms of frequency
response, reduce at the first spurious passband.

iii)  To compare between simulation result and measurement result by referring at

frequency response.



1.4 Scopes

) Design and analyse the results by using Sonnet Lite software, an analyse
response referring in term of S-parameter insertion loss (S21) and return loss
(S11).

i) Analyse the result by comparing simulation and measurement for conventional
and proposed filter design. The filter characteristic according a shape of groove
with specified dimension will be proposed.

iii)  The microstrip filter on the FR4 board was fabricate by using etching
technique, to operate at S-band frequency (2GHz- 4GHz) useful in full-duplex

local area network (LAN) communication.



CHAPTER 2

THEORETICAL BACKGROUND

2.1 Background

Parallel Coupled Microstrip Bandpass Filters (PCMBF) is widely employed
in many microwave systems. Designs of PCMBF used the Parallel Coupled
Microstrip Line (PCML) structure as the main coupling component [2]. The required
design parameters of bandpass filter can be easily derived for Butterworth,
Chebyshev or other prototype in many literatures [4]. A microstrip filter is a two
port network used to control the frequency response at a certain point in a microwave
system by providing transmission at frequencies within the passband of the filter and
attenuation in the stopband of the filter [5]. Filters are frequency selective networks
designed so as to pass certain bands of frequencies and reject others. Filter are
normally classified as low-pass, band-pass, high-pass or band stop according to the
bands it pass with low loss or in the case of the band stop filter, the band it reject.
Low-pass, band-pass and band stop filters find important applications in signal
selection in microwave systems. An example of response of ideal bandpass filter is

shown in Figure. 2.1.

Today, most microwave filter design is done with sophisticated computer-
aided design (CAD) packages based on the insertion loss method [2]. CAD packages
are now available which enable direct determination of input impedaggea(i
other data for given substrate of width (w), height (h), thickness (t), dielectric

constant4r) and frequency input.
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Figure 2. 1: Response of ideal bandpass filter.

Most RF/microwave filter and filter components can be represented with a two
port network as shown in Figure. 2.2, wherg,W, and |, |, are voltage and current

variables at ports 1 and 2. The terminal impedancgsnd %, and Eis the source.
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Figure 2. 2 : Filter as a two-port network with S-parameter representation.

The scattering or S parameters of a two port network are defined as;

_ by _ by
S11= o laz=¢ S12 =—|ai=
1 az

b b
Sy1 = a_j |az=g Sy = a_z la;=o (2.1)

Where @= 0 no reflection from terminal impedance at port n, be written as:
511512
2.2
[ l sl la) (22)
The parametersi$and $, are reflection coefficients and;;Sand $; the

transmission coefficients. The parameter directly measurable at microwave

frequencies and an amplitudes are given in decibels (dB), are defined as ;



20 log|SynldB m,n =1,2 (2.3)

2.2 Planar Bandpass Filters

Bandpass filter is one of the most important filter in the communications
systems, it can be classified by bandwidth to narrowband, wideband and ultra-
wideband filter. The main challenging for designers is to design a bandpass filter

with compact size, low lossless and wide stopband.

2.2.1 Microptrip line

Many electromagnetic circuits are implemented with the form of transmission
line structures based on planar printed circuit boards (PCBs), which are composed of
a dielectric material layer and ground/signal metal planes. One of the most widely
used transmission lines for high frequency circuits in microstrip line. The microstrip
are used for circuit components such as filters, coupler, resonator, antenna and so on.
In comparison with the coaxial line, the microstrip line allows for greater flexibility
and compactness of design [6]. A microstrip line consists of a dielectric substrate
covered by metal layers on both sides, one for signal line and other one for the

ground plane. The geometry of a microstrip line is shown in Figure. 2.2.

Figure 2. 3 : Microstrip Transmission Line. (a). Geometri

(b). Electric and Magnetic Field Lines



Which,
W = is the width of printed thin conductor
d

is the thickness of the substrate

§ is the dielectric of the substrate

The top conductor strip, the dielectric substrate and conductor ground plate
form a microwave transmission line. The combine structure acts as s guide to the
transmission of electromagnetic waves. Although it's open structure has some
limitations it is an especially suitable medium for the connection of microwave
integrated circuit devices. It is ideal for applications where low volume and weight
are important and lends itself to methods of high volume and low cost production.

Microstrip is used over the frequency range from below 1GHz to 40GHz.
Below 1GHz circuit dimensions become excessively large, above 40GHz circuit

dimensions are very small and circuit lossless become high.

2.2.2 Overview of Microstrip

The microstrip structure does not have dielectric above the strip (as in
stripline). So, microstrip has some usually most of the field lines in the dielectric
region, concentrated between the strip conductor and the ground plane. Some of the
function in the air region above substrate and the microstrip line cannot support a
pure TEM wave. In most practical application, the electric substrate is electrically
very thin (d<<}). The field are quasi TEM (the fields essentiaiiyne as those of
the static case). Microstrip is by far the most popular microwave transmission line,
especially for microwave integrated circuits and MMICs (Monolithic microwave
Integrated circuits). The major advantage of microstrip over stripline is that all
active components can be mounted on the top of the board. The disadvantages are
that when high isolation is required such as in a filter or switch, come external
shielding may have to be considered. Given the chance, microstrip circuits can be

radiates, causing unintended circuit response. A minor issue with microstrip is that it



10

Is dispersive meaning that signals of different frequencies travel at slightly difference
speeds [5].

2.2.3 Microstrip Substrates

The characteristic of some substrate materials are ideally a substrate should
have very low-loss and constant dielectric properties over the range of frequencies
for which it is used, excellent temperature and dimensional stability. It should be
chemically resistant, be easy to machine and provide a good thermal expansion to the

strip conductor material.

2.2.4 The advantages and disadvantages of Microstrip

The microstrip has their own advantages compare to other microwave

transmission like waveguide, coaxial cable, strip line and etc.
The advantage of microstrip :

a) To make easier fabrication of complex circuit.
b) Smaller size and light.

c) Has a good reliability

d) Has a wide bandwidth

e) Good reproducibility

The disadvantages of microstrip :

a) Using the microstrip lines will be given high attenuation.
b) Using the microstrip will generate the low power.



CHAPTER 3

LITERATURE REVIEW

Coupled microstrip lines have been widely in design of bandpass filters in
many microwave systems. Various methods have been reported the article “Spurious
Response Suppression in Microstrip Parallel Coupled Bandpass Filter by Grooved
Substrates” (Mahdi Moradian and Majid Tayarani, 2008) [6]. The articles present an
application of the grooved substrate to suppress response of microstrip parallel
coupled line filter. The proposed method, the grooves are cut along the outer edge of
each coupled line of the conventional filter and the other to equalize the modal phase
velocities. It is shown that the grooves equalize the even and odd mode phase
velocities in microstrip coupled line and suppress the spurious response. The
simulation result shows that the selected groove shapes also have a effect on the

designed filter performance.

The article “Harmonic Suppressed Single Groove PCML Bandpass Filter”,
(Jayaseelan Marimuthu and Mazlina Esa, 2009) [7]. The article present the design of
single groove parallel-coupled microstrip bandpass filter with improved passband
and filter harmonic suppression. The undesired filter harmonic spurious response is
suppressed through transmission zero frequency realignment method. The
suppression of harmonic response carried out by transmission zero realignment
method using a simple modification a single groove at the center PCML structure.
A single groove is introduced at the center of PCML structure to control the
transmission zero which depends on even and odd mode parameter. Figure. 3.1
shows the layout of a PCML structure of widi),(gap sizeg) and lengthj, with
and without grooveH andW are the height and width of the single groove. For a

given bandwidth, operating frequency and passband response,dlaad| of each
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structure are calculated by using even mode impedaRcand electrical lengthe,

odd mode impedancg,, and electrical lengtB,. The geometric parameters of a
single groove in PCMLlwg for simultaneously tuning zeros at ~Zd® harmonic
suppression for various PCML structures. The results of optimized single groove
dimensions for various PCML structures wiit= 1.0 mm and= 0.2 mm, 0.4 mm,

0.6 mm, 0.8 mm and 1.0 mm are given in Figure.3.2. V¢heoreased, respective
harmonic suppression groove of larger size is required. The odd mode propagation
with increasings, the coupling between the two strips decreases and the wave travels

faster. The groove width increased to compensate or slow down its phase velocity.

< ! >
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Figure.3. 1: PCML structure (a) Without Groove (b). With Groove [7]

Three-stage PCMBF designed with various combination of single-stage with
optimized groove for harmonic suppression at different operating bandwidths.

Figure.3.3 shows a three-stage PCMBF with optimized groove.
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