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DUAL-MODE DUAL-BAND MICROSTRIP BANDPASS FILTER

ABSTRACT

Filters are essential in communication systems deys They are usually used to
select frequencies. Filters are playing an impantale to select or confine the Radio
Frequency (RF) signals within assigned spectraltdirsince the electromagnetic
spectrum is limited by licensing issues and shavedr different channels. A

compact bandpass filter (BPF) using microstrip rioligital microstrip lines are

fabricated and printed on Duroid 6006 substrate1l.89/2.3GHz dual-mode dual-
band microstrip BPF has been introduced. Therebasecally three major stages in
this project, such as simulation, fabrication ardeziment. In order to simulate the
BPF performance with different configurations, aiese of simulations based on
HFSS version 8 will be used to run the simulati@mmicrostrip BPF will then be

fabricated based on the HFSS version 8 simulatedigroations and the filter

response will be measured by using Vector Networkalpzer (VNA) in the

laboratory. The measured results of the fabricéiteets have good matching and
reasonable agreement with the simulated resultfter Ahat, several case studies
have been done on the proposed filter to studyréhaionship between different
parameters. Lastly, discussions and recommendatians been proposed after the
case studies. The proposed filter designs shouldskeéul for compact transceiver

modules.
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CHAPTER 1

INTRODUCTION

1.1 Background

Bandpass filter is an electrical design componleat allows signal to pass through a
desired frequency range and rejects other unwantgdiencies outside the desired
range. The rapid growth of mobile and wireless cemication system technology in
today’s world has increased the need of applyimgntiicrostrip bandpass filters into
design. Many of these communication systems areplmmand will require the
circuitry design to be small in size, low cost,\etsfabricate, high performance and
multi-frequency. From IEEE Xplore, there are mohart 600 microstrip filter
publications in recent 10 years, and these pulddicatcontinue to increase more and

more, this shows a positive and strong growth séaech in these areas.

There are many type of filter designs and pattensch designed based on
different characteristics such as Butterworth, Gieev and Elliptic filters, or
bandwidth property such as wideband or dualmodeestes. Dual-band filter is
mainly used to allow two different signals to goailigh within two frequency ranges
at the same time rather than common single frequeaoge filter. Wideband
bandpass filter can be used in application thasgmsvide range of frequencies in a
single spectrum. For instance, microstrip filtemvén been extensively applied to
modern radio frequency and microwave system. THilisy size is one of the

concerns in the filter design. The filter is destgnensure that it can fit into the



electronic devices. Besides, the losses of therfidre playing an important role

because they will affect the performance of thefs.

1.2 Aims and Objectives

This project studies the property of the microstsgndpass filter and to design a
dual-mode dual-band microstrip bandpass filter g HFSS simulation software.

This objective helps to gain fundamental knowledyenicrostrip filter. There are a

lot of journals and articles which can be explotetbugh IEEE Xplore database
under the Universiti Tunku Abdul Rahman (UTAR) OPagstem.

The project aims to design a microstrip bandpdger fivhich is simple and
easy to fabricate. The designed filter must be @-dand and dual-mode bandpass
device that resonates in the frequency range of 3 &Hz. Microstrip filter can be
designed using a lot of inter-digital microstripds. There is no limitation on the

substrates being used as well.

On the other hand, this project aims to design raar4digital microstrip
bandpass filter with dual mode property. From thelyg there are less number of
filters that being designed using inter-digital rogtrip lines. Hence the project is
aiming at designing the world’s first dual-mode Hoand bandpass microstrip inter-
digital filter using the HFSS software. Simplicand small size are among the major
concerns of the inter-digital features as well. Titter will be unique, simple, and

high-performing.

Through this project, students will have a betterderstanding of the
microstrip bandpass filter properties. Besidesdetts are able to design filters by
using the HFSS software. Furthermore, students véllable to measure the filter
responses by using Vector Network Analyzer and @mmphe measured result with
the simulated one. Based on the results, studeititaime to do an analysis of the
results and troubleshoot if any problem exists.



1.3 Project Motivation

The project motivation is to design the mircostoigndpass filters that are
publishable in the IEEE Xplore journals. After cdetpg the literature review
throughout the journals in IEEE Xplore, knowledge filter design has widen.
However, some of the resonating filters are verynglex and not applicable to
commercial products. This can incur high fabricatmst. Therefore, the goal of this
project is to design a simple, high-performing, amdall-size microstrip bandpass

filter that has results comparable to those pubtish IEEE Xplore.



CHAPTER 2

LITERATURE REVIEW

2.1 Microstrip Filter

In modern wireless and mobile communication sysidRaglio Frequency (RF) and
microwave filter are important and essential congmis. No doubt, filters are
playing an important role in the RF and microwapelgations. Filters with smaller
size, lighter weight, higher performance, and lowesertion loss are of high demand.
Microstrip filters can fulfil the requirements sdt above. Besides wireless and
mobile communication systems, low-temperature edficeramics (LTCC), high-
temperature superconductor (HTS), monolithic mi@es integrated circuits
(MMIC), microelectromechanic system (MEMS) and mamachining technology,
have driven the rapid development of the new mtagélter than other microwave

and RF filters. Figure 2.1 shows the microstrifefs linkage.

Low-temperature Cofireq

Low-temperature Superconductpr

Microstrip Filters

Monolithic ~ Microwave Integrateg

Microelectromechanic System

Micromachining Technology

Figure 2.1: Microstrip linkage



Microstrip filters can be designed in various pattedepending on different

requirements. Each microstrip filter consists of individual properties and

characteristics. The common microstrip designs divatlable in market are such as
rectangular patch filter, circular patch filterjatigular patch filter and etc. The
figures below show some of the microstrip filtelhsitt were published in the IEEE

papers. Further discussions on the filter will seluded in Chapter 2.2 onwards.
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Figure 2.2: Parallel-coupled microstrip line bansipélter (BPF).

Figure 2.3: Cross-slot microstrip rectangular pasgonating bandpass filter



Figure 2.4: Three-pole microstrip semi-circular thaass filter

By using the computer-aided design (CAD) tools, pihecess of designing
the mircostrip bandpass filter will be easier andstimes less time as designer are
able to simulate the design performance upfront pedorm fine-tuning on the
design based on the simulated results before pregany fabrication. The increase
in computer processing power fastens the developofe@AD simulation tools. In
return, this helps designer to design filter pradubat will lower the cost of building
prototype samples, including tooling, material #adabr resource. CAD tools provide
precise design with less iteration and design nesocosts include those for design,
tuning, fabrication and testing can be minimizetug, in this project, a powerful
HFSS tool has been selected and will be used ® phoject as the microstrip
bandpass filter design CAD tools. The HFSS toolsagb produce a simulated result

that comparable to measured result.

2.1.1 Microstrip Lines

Microstrip is a planar transmission line that balycconsists of a thin-film
strip in intimate contact with one side of a flagldctric substrate, with a similar
thin-film ground-plane conductor on the other salehe substrate. It is similar to
stripline and coplanar waveguide, and it is possiblintegrate all three on the same
substrate. According to Encyclopedia, microstrigwaveloped by ITT laboratories
by Grieg and Engelmann in December 1952 as a catmptd stripline. According

to Pozar the early microstrip work used fat substratesjctvhallowed non-TEM



waves to propagate which makes results unpredectéblthe 1960s the thin version

of microstrip started became popular.

Microstrip can be fabricated using printed circhdard (PCB) technology
and is used to convey microwave frequency sigiatsonsist of a conducting strip
separate from a ground plane by a dielectric layeich known as substrate. Figure
2.5 shows a cross section view of a microstrips fAepresenting conductor which are
separate from ground plane (D) by dielectric (ChdAhe upper dielectric (B) is
typically air.

Figure 2.5: Cross-section view of microstrip

Microstrip can be used to design antennas, couypiiéess, power dividers
and etc. The material costs are lower than thetimadl waveguides since the entire
microstrip is just a patterned metal and a grouadgonly, and it also much lighter
and more compact than the waveguides. Since miigrost not enclosed as a
waveguide, it is susceptible to crosstalk and @mtional radiation. Unlike stripline,
microstrip can mount all the active components am @f the board. However, the
disadvantages are that microstrip generally hagigwower handling capacity and
higher losses. External shield may be needed fouits that require higher isolation

such as switches.

In this project, microstrip has been chosen forfillber design because it is a
proven technology and the shielding problem camsdieed easily by encapsulating
the filter in a metallic box. Besides, crosstalld amintentional radiation are not an
issue in this project as well. Furthermore, pleoitymicrostrip filters design can be
found in the IEEE Xplore database. Referencesasg ® find for microstrip filter.



2.1.1.1 Dielectric Constant

Microstrip can be fabricated on different subssatased on the requirement of the
design. For a lower cost, microstrip devices cabuil on the ordinary Duroid 6006
substrate. Dielectric constant is a measure ofetttent to which it concentrates
electrostatic lines of flux. For example, FR-4 lzaslielectric constant of 4.4 and
R6006 duroid has 6.15 at frequency of 10 GHz. Agddéfinition, the dielectric

constant of vacuum is equal to 1. Dielectric comisigfrequency dependent.

In this project, Rogers Duroid 6006 has been chasetihe substrate for the
microstrip bandpass filter design. The substratexjgensive because it is relatively
thin and high in dielectric constant. It is not éesale in the Malaysia and has to be

ordered from United States.

2.1.1.2 Effective Dielectric Constant

Electromagnetic wave carried by a microstrip lingises partly in the
dielectric substrate, and partly in the air abd@$ shown in Figure 2.5). In general,
the dielectric constant of the substrate will biéedent (and greater) than air, so the
wave is travelling in an inhomogeneous medium. dnsequence, the propagation
velocity is somewhere between the speed of radieesvan the substrate, and the
speed of radio waves in air. This behaviour is camiyn described by stating
the effective dielectric constant of the microstrigffective dielectric constant is an
equivalent dielectric constant of an equivalent bgeneous medium. As part of the
fields from the microstrip conductor exists in dire effective dielectric constant is

less than the substrate's dielectric constant.



According to Constantine A. Balanis, the effectdielectric constant can be
calculated by using formulas below where W reprissemndth of strip, H represents
height of the substrate angdrepresents dielectric constant of substrate. Nod¢ t
there are different solutions for cases where W/Hand W/H > 1.

when ‘E‘ <1
gy Bty B] \1+12|£, | 2+0.04\ Ty |

when |%| =1

g+l &-1 K

Eg =

1412 £
s g (2.2)

In this project, HFSS version 8 has taken effectii@ectric constant into
account during simulation process. Hence all tHeutations have been done using

the simulation software and hence there shouldaain issue for this project. This

is one of the advantages using CAD simulation software

2.1.1.3 Characteristic Impedance

The characteristic impedangZe is important in microstrip lines design, it

will affects the reflection loss,,. The reflection loss is related to the charadieris

. . Zim — Z, e .
impedance and also load impedance by formiyla= z"‘—” In order to minimize

in o

the reflection loss at the input port, the chanastie impedance of microstrip must
be equal to the input of the impedance. In thiggutothe Vector Network Analyzer
(VNA) connector input impedance will be the inpotpedance. Most of the input
ports are designed at 50o0hm, so as the VNA connagtat impedance. Therefore,

the mircostrip lines should be designed to achi#@hm to prevent any reflections.
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The characteristic impedance is also a functionesjht (H) and width (W)
of microstrip lines. Note that effective dielectgonstant value is required for the
microstrip characteristic impedance calculationcdrding to Bahl and Trivef]i, the

characteristic impedance of microstrip lines canch&ulated by using formulas

below.

(W)

when | E ‘ 1
60 Py

Z = . In| 8 H£'+ 0.25 ik | (ohms)

igq:f H

e
when | % ‘ =1

120 &

Zo= folmns)

W 2 w '
£ —+1393 + ZIn| —+ 144
T | H 3 ‘. H '}

(2.2)

The very first step in this project is to desige tmicrostrip lines that can
achieve 50o0hm of characteristic impedance. Fronfiaimeulas above, there are three
variables in the calculation which afg, ., Width(W) and Height(H). Sinc#_ . - and

height is constant for the substrate, the onlyalde is the width of the microstrip

line.

Since the formula is quite complicated, writer basubstitude different W
value in order to get 500hm characteristic impedant first, writer has to verify the
ratio of W/H and determine which formula to be uskds time consuming for the
calculation on different substrate. Fortunatelymsoof the web application and
software are able to calculate the width of therastrip lines by entering the desire
characteristic impedance, height of the substraig dielectric constant of the
substrate. Then the software will performs thedatoon within seconds and shows
the value. It has simplified the microstrip linessajn work and most importantly
consume less time. For instance, one of the ussdfftiware writer used for

characteristic impedance calculation in this projed X Line 2003. The software is
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easy to control and writer able to get the widtlugaeasily by key in height of the
substrate, thickness of the strip, and dielectiomstant of the substrate. The

microstrip width calculation will be cover in Mettiology part.

2.1.2  Microstrip Resonators

Microstrip resonators can be designed in variodteps as shown in Figure 2.1-2.4.
Before designing the microstrip band pass filteritevhas to do some literature
studies through IEEE Xplore about the microstriporeators. Besides, it is also to
ensure that the effort spent in design has not beszarched by others nor published
in the IEEE Xplore before. The author has selettteee common types of resonators
to be discussed in the following chapters. The sypkeresonators that covered are

rectangular patch resonators, circular patch réeemand triangular patch resonators.

2.1.2.1 Rectangular Patch Resonators

In order to increase the power handling capabifigyeral types of microstrip patch
resonators including square and circular patches haen used for the filter designs.
An associated advantage of microstrip patch resomas their lower conductor
losses as compared with narrow microstrip line masars. Although a patch
resonator normally has a larger size, this wouldb®oa problem for the applications
in which the power handling or low loss has a highority. Particularly, the size
may not be an issue at all for the micro-machirikkdr$é that operate at very high

frequencies.

From the paper of Lei ZhiBoon Chai Tan, and Siang Juay Quek, a cross-
slotted patch resonator is developed, the simuliaseize and loss reduction, and
dual-mode bandpass patch filter is built by suytad®lecting the unequal cross-slot
lengths along the two orthogonally diagonal plaif@s.shown in Figure 2.3).
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A comparative study is first carried out to exhithie resonant frequency
versus cross-slot dimensions, targeting the coctsbru of a miniaturized patch
resonator. A dual-mode filter is then designed veitiitable adjustment of the two
unequal T-shape stub lengths. The resonance bebaviothe three single-mode
patch resonators with the sketches showed in Fég.n2amely, resonators (A) to (C),
respectively. By etching the four slits at the eerdf four sides of a square patch and
entering the two feeding lines into the slits, fheich resonator (A) is formed to
facilitate the feeder-to-resonator coupling enhamex in addition to slight reduction
of resonant frequency. A pair of crossed slothiéntetched on the slit-loaded patch
(A) so as to make up a star-type cross-slottedhpegsonator (B). Such the paired
crossed-slots bring out an additional inductandeystreducing the resonant
frequency and radiation loss. By terminating thessed slots at the ends with the T-
shape slot stubs, the resonator (C) is built ugkatched in Fig. 2.6.

#1 #1 B 1560 # ll
6.92
24,00 ¥
1 ¥

A

> 170

o e

SN | A oA

Resonator (A) Rescnator {B) Resonator (C)

Figure 2.6: Three single-mode patch resonators

In this study, the above three patch resonatorgoaneed on the substrate of
Taconic FR4 with the parametersepE 4.2,h = 1.6mm, and tad = 0.016, and their
relevant frequency responses are numerically stedilaia Agilent Momentum

software.
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With the T-shape slot stubs installed at each énldeocross slots, the current
densities flowing in opposite directions are beti@ncelled and the radiation area of
this patch is electrically reduced. As a resulé, pnoposed inductively loaded cross-
slotted patch resonator (C) besides lower the wedoinlequency or miniaturize the
resonator size under the unchanged frequency kmd e#duce the concerned
radiation loss to a great extent

From Fig. 2.7, it showed the transmission coeffitseversus frequency for
all the three resonator circuits. As opposed td Z3Hz of a normal square patch
resonator with the side length of 24.0 mm, the masbt frequency of its
corresponding slit-loaded patch resonator (A)ighsly lowered to 2.81 GHz. As the
crossed slots with the length of 15.6 mm are cHntiaaded on the slit-loaded
square patch, the resonant frequency of the reso(B} is largely reduced to 2.45
GHz. Its value is observed to be further decrease2l07 GHz as the T-shape slot
stubs are introduced in the resonator (C) in Fig. 2

Magnitude of 8,, (dB)
& & L & &

]

1 s 2 25 3 35
Frequency (GHz)

Figure 2.7: Transmission coefficients versus freqydor all the three resonator

circuits
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Magnitude ofS“, 8,,(dB)

Predicted
————— Measured

1 X 2 3 a s s ] s T 2
Frequency (GHz)

Figure 2.8: Frequency response of the dual-modangalar patch resonators

After study this journal, the T-shape slot stuhsisgs have been carried out.
It is important as it established the miniaturiziel-mode patch resonator bandpass
filter with the unequal T-shape slot stubs at tmElse Moreover, comparative
investigation is implemented to demonstrate sevetiiactive features of the
inductively loaded cross-slotted patch resonatoreldped here, such as size and

radiation loss reduction.

2.1.2.2 Circular Patch Resonators

From the journal paper of Yatendra Kumar Singh Ajay Chakrabarty, dual-mode
circular patch bandpass filters has been miniadrizith wide harmonic separation.
This letter presents miniaturization of a circulzaitch by modifying it with a
properly oriented crossed slot, which increasespéié length of the fundamental
current but keeps the second harmonic current legifith unaltered. This brings
down the resonance frequency of the fundamentakraod keeps the location of the
next higher order mode unchanged, effectively iasirey the separation between the

two fundamental modes.

Similarly, a comparative study is first carried dot exhibit the resonant

frequency versus cross-slot dimensions. In thiglysta circular patch resonator is
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designed at 2.355 GHz. The radius of the patch saméeto be 18.0 mm. The patch,
when simulated using IE3D on an FR4 substrate lattive permittivity 4.3, loss
tangent 0.01, and thickness 1.5875 mm, resonat@s2825 GHz, which is quite
close to the designed resonance frequency.

To reduce the resonance frequency of the fundamerdde, the length of
the path taken by the current from one port todtter has to be increased. This can
be done by introducing obstacles for the fundamentaent on the patch by creating
rectangular slots or circular holes. In generalphstacle increases the path length of
the second order mode current also, reducing thedrdc separation between the

fundamental and the second resonances.

If two orthogonal slots are created on the circygatch and oriented as
shown in Fig. 2.9, the fundamental mode frequenitlydnop because of increase in
its current path length. The second higher ordedenfsequency, however, will
remain almost unaffected as the slots are patallide currents and do not alter their
path.

The journal has shown about a study on couplingcsire as well. Two
triangular cuts at the center have been used todate coupling between the two
orthogonal degenerate TM modes of the patch. Tapgsed perturbation technique
gives rise to two attenuation poles on both sideth® passband. The poles do not
appear if the conventional perturbation technigipuiting one cut at the periphery
is used. They also do not appear if the perturbatids are made in the first and the
third quadrant of the patch instead of the secarlthe fourth. Fig. 2.4 shows the

final configuration of the filter.

Besides, the journal has also shown additionalsstbat can be created
parallel to the crossed slot arms. (as shown in E@). The resultant configuration
further increases the current path of the fundaatemiode. Two triangular cuts
connected by a slot have been used as perturbggorent. The dual-mode resonator
designed using this configuration is highly minrsgad and has much better
harmonic separation. The final configuration iswhon Fig. 2.9. All simulations in
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this paper were carried out using IE3D softwardl shkts have the same width of
0.5 mm and the two triangular perturbations arentidal right-angled isosceles

triangles.

Figure 2.9: Microstrip-fed circular dual-mode filt@ith crossed slot and two
triangular pertubation elements at the center

Figure 2.10: Microstrip-fed circular patch with ss@d and parallel slots

Magnitude of S11 & S21 [dB]
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Figure 2.11: Measured and stimulated results feffitter of Fig. 2.9
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Figure 2.12: Measured and stimulate results fofittez of Fig. 2.10

The simulated and measured results for the fittgr f(Fig. 2.9) are shown in
Fig. 2.11. The fabricated filter gives 57.77% reghucin size compared to a circular
patch resonator. Fig. 2.12 shows the measured iandased results of the second
filter (Fig. 2.10). From the measured data, itasirfd that this filter is smaller by
87.40% compared to a circular patch resonator.ifigextion loss of the two filters in

the passband was mainly affected by substrate loss.

As the journal has shown, it uses a different aggnoto design a circular
patch resonator compare to rectangular ring resongirst, the radius of circular
patch resonator will be determining the resonaeigudency of the resonator.
However, it is still depending on which dominantdeads considered. In this journal,

TM,,, has been considered during the circular patchnegso design. Besides, the

coupling coefficient is affected the gap betweendincular resonators.

As a conclusion, circular resonator is easy togitebut the signal coupling
would be much harder to optimize than rectangutay resonators due to its shapes.
Since the shape of circular resonator is round iard to design a feeder. A curl
shape feeder must be designed. The curl shaperfisdaving two major drawbacks.
Firstly, it is hard to maintain the gap distanceb® constant for curl shape feeder.

Secondly, it is hard to draw and fabricate compaite rectangular straight feeder.
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2.1.2.3 Triangular Patch Resonators

From the paper of Jia-Sheng Hong and Michael Jcaster, “Microstrip Triangular
Patch Resonator Filter” has been designed on 0.888T/Duroid substrate with a
relative dielectric constant of 10.8 and thicknes42.7mm. The designs were done
using the full-wave EM simulator. This journal hdsesigned and fabricated two

three-pole microstrip triangular resonator bandiétess.

(L]

Figure 2.13: Current distributions of the first twmdes of a triangular microstrip
resonator (a) Mode 1 (b) Mode 2

Fig. 2.13 showed the field distributions of two toiguishable resonant
modes of a microstrip triangular patch resonatdriciv were obtained using a fill-
wave electromagnetic (EM) simulator. It can cledntyidentified that the mode 1 in
Fig. 2.13(a) has almost current concentrated om#se, whereas the mode 2 in Fig.
2.13(b) has almost current on the both slant sitlés.these two modes that will be

operated in filters to result in different filtegrcharacteristics.

Fig. 2.14 plot some simulated results of the rasbrfrequencies as a
function of the vertical heighb for a given base length. fp; is the resonant
frequency of mode 1, whilefis the resonant frequency of modeA2.can be seen

fo1 the resonant frequenof model is less dependent dn This may be understood
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because this mods mainly based on the base of the triangle as showkig.2.13
(a). Obviously, one can use this property to cdritre separationf the two modes.
When b=13mm in Fig.2.14, the isosceles triangle degeasrab an equilateral

triangle, and the two modes have the same resdmegpiencies.

5400 ]
5200 —
5000 —
4800 —
4600 —
4400 —
4200
4000 —
3800
3600 —
3400

Frequency (MHz)

b (mm)

Figure 2.14: Stimulated resonant frequencies ofiteetwo modes of triangular

microstrip resonator

Fig. 2.15 (a) shows the fabricated filter that wigsigned to operate at the
resonant mode 1 of Fig. 2.13(a) and to have an @m®&fric response with a finite-
transmission zero on the low stopband. The full-evBM simulated performance of
the filter is plotted in Fig. 2.15 (b), while thesasured one in Fig. 2.15 (c).
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Figure 2.15: (a) Fabricated filter using triangutacrostrip resonators operating at
the mode 1; (b) Theoretical performance; (c) Expental performance
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The filter that was designed to operate at the nibdé Fig. 2.13 (b) and to
have a finite frequency transmission zero locatedhe high stopband is illustrated
in Fig. 2.16 (a). It should be noticed that desmitea similarity of the cascaded
resonator structure with Fig. 2.15 (a), the inpad @utput coupling structures and
locations in the two filters are different becatisey operate at different modes. The
full-wave EM simulated performance of the filtempitted in Fig. 2.16 (b), while the
measured one in Fig.2.16 (c), where the finitednaission zero as compared with
the previous filter is located on the other sidetloé passband, improving the
selectivity on that side as what is desired.

(@
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Figure 2.16: (a) Fabricated filter using triangutacrostrip resonators operating at
the mode 2; (b) Theoretical performance; (c) Expental performance

In this journal, the author has performed studytten different approach for
triangular patch resonator to have transmissionsz€fFhe author demonstrated that
microstrip triangular patch resonator filters couldve some advanced filtering
characteristics in a simple circuit topology of @ading resonators.
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CHAPTER 3

MICROSTRIP INTER-DIGITAL BANDPASS FILTER

3.1 Background

Since there are increasing demands for designimgpaot, high performance and
high selectivity dual-mode and dual-band filters foodem mobile and wireless
communications systems application. It is commadgn that planar filter which
can be fabricated using printed circuit technolegi®uld be preferred whenever it is
available and will be suitable because of its senalze and lower fabrication cost.
Therefore, there has been a growing interest ineldping new planar filter
structures. The rapid progress in mobile and wse®mmunication technology has
increased the need of dual-bandpass filter.

However, there are only few studies on dual-battdré realized by dual-
more resonators. Thus, an idea to develop a dudendual-band microstrip
bandpass filter has been come out in order tol fié high demand in market. The
design of the dual-mode dual-band microstrip bassidter is shown in Figure 3.1.
The bandpass filter has been design by using ditgtal microstrip lines by suitably
selecting the unequal lengths and widths.

The dimension of the band pass filter that beeirgded is 40 x 30 mﬁ’u(ll X
W, mn12). It is fabricated on Ruroid 6006 with thickness cd3bmm and dielectric
constant of 6.15. The dimension details of the igom&tion and results will be
discussed later in the following Chapter 3.3. Thasuit of the filter was measured

with a Vector Network Analyze.
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Figure 3.1: Top view of the dual-mode dual-banddopass filter

3.2 Research Methodology

Generally, there are three main stages in thiseptowhich are simulation stage,

fabrication stage and experiment stage. In thiptanathe filter design procedure

will be discussed from simulation until experimstdge

3.2.1 Simulation Stage

After exploring the journals in IEEE Xplore and didme literature review on dual-

mode dual-band microstrip bandpass filters, a satman based on few journals have

been simulated on HFSS version 8. The result obtiails quite similar to the

simulation shown in the journals. However, the dated result did show some
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different and it might due to different simulatisoftware been used. After getting
consult from supervisor, the simulation result gatexl by HFSS version 8 is

acceptable, HFSS has been chosen as our simusatiovare for this project.

HFESS is chosen as the simulation software to bd usehis project, few
tutorials have been gone through to ensure wraerilfar with the software and
hand-on experience on features consist in the aodtvirst before modeling design
using the simulation tooHFSS contains tutorials for new beginner. It is nidar
beginner to understand and hand-on with all théufes, it took writer around a

week to complete the tutorials.

Then, a 50 ohm of characteristic impedance feeel has been formed in
order to avoid any reflection of the signal goesTihe characteristic impedance of
feed line can be calculated by using Equation 2 2étware such as TX Line 2003.
In this project TX Line 2003 has been used dueirttplcity and accuracy of the
software. According to TX Line 2003, the width ob6@ ohm feed line on a Duroid
6006 substrate with dielectric constant of 6.15 #hnckness of 0.635 mm is 0.93 mm.

Later on, few testing have been carried out onnterostrip inter-digital
bandpass filter. Plenty of simulations have bearegged and most of them are not
working well. At first, the filter has been simwgat with different widths and lengths.
Then different gap distances have been tried foln eapacitive coupling position. At
the end, a final version of microstrip inter-digiteandpass filter configuration has

been proposed as in Figure 3.1.

Dual-mode filter is more preferred compare to ®nAglode filter nowadays.
As studies shown in Zhu Lei papers, perturbati@meints can be introduced by
adding crossed-slot into rectangular patch whictiteg dual degeneration modes.
Besides crossed-slot, other configurations may ds&l un this case. In this project,
inter-digital microstrip lines have been used. dingumes some time to run the
simulation during the process of designing theeffiltA simulation may goes up to
half an hour depends on complexity of the desigoweéler, while waiting the

simulation result, writer did some analysis on jpvas results. Writer looked into the
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potential improvement that can be made by analy#egprevious results and this

has spent around two months on this stage.

3.2.2 Fabrication Stage

Next, will be the fabrication stage. The simulatioesults have been sent to
supervisor to verify before fabrication processb$State Duroid 6006 that used in
this filter design is available on the market. Tharoid 6006 used in this project is
with single-sided, photo print and UV positive pbratsist properties. During

fabrication, the filter designs have to be printedtracing paper first before printed
on the board. The size of filter must be 100% exsao¢ of the simulation filter

design as the gap for capacitive coupling is exédgraensitive. A 0.01mm mismatch
may affect the final result. Hence writer has usederal approaches in order to print
exact filter design layout on tracing papers. Astfi writer has asked some PCB
maker in industrial line to fabricate the board €. Industrial PCB maker has the

advance equipment that can help them achieve Omdhoeuracy or even more.

However, due to cost and time constraint, writed k@ fabricate the board
herself. EAGLE CadSoft was used to draw the fittefore print on the tracing paper.
At first, an exact size filter layout has been dnaly using EAGLE CadSoft and
printed on tracing paper. After the first board eaout, writer found that the gap is
too large compare to design layout. After discussitlal supervisor, writer found that
it may due to light dispersion properties. Duriraprication, the Duroid 6006 is
printed by photo printing. The tracing paper lodate top of the board. As the UV
light exposed to the gap, UV light will dispersadanake the gap larger than 0.1 mm.
To prevent this occurs, writer had reduce the gap.8 mm in EAGLE CadSoft and
the problem has been solved. According to supervige rule of thumb is by

reducing 20% of actual size in design.
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3.2.3 Experiment Stage

Experiment is the last stage in the verificatioteafabrication. Since prototype has
been fabricated, it will then be measured and topare with simulation results. The
equipment used for this experiment is Rohde & SchwZa/B8 Vector Network
Analyzer (VNA). The frequency range of the equipmien300 kHz to 8 GHz. The
filter designs are not more than 6 GHz, hence thepenent is still applicable to the

experiment.

Before experiment, writer had to do calibration tre VNA because
imperfections exist in even the finest test equipmand, if uncorrected, these
imperfections will cause the equipment to yieldsléisan ideal measurements. The
basis of network analyzer error correction is theasurement of known electrical
standards, such as a thru, open circuit, shortitjrand precision load impedance.
By calibrating the network analyzer with these dtads, only then it can
compensate for its inherent imperfections. Withhsulce connector and cable are the
main component that writer need to calibrate tHfeidince phase of signal induced
due to matching. Through calibration, the VNA otiign able to self adjust on the S-
parameters after the calibration process. The redidn process required to connect
two ports of VNA to five different port of tool kitTool kit has five ports in total,
three for single-port (Open, Short, and Match) &and for two-port (Thru). The
experiment can then be started after the calibrgbimcess. The filter 2 ports were
then connected to each of the VNA port respectivEhgquency range and sweep
point had to be set in order to similar to simwaatresult. The experiment results

have been recorded and further discussed in fallgwhapters.
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Figure 3.2: Rohde & Schwarz Tool Kit

3.3 Proposed Filter Configurations

A dual-mode dual-band microstrip bandpass filtetiah design pattern had been
defined The microstrip bandpass filter is formed by conglfew micostrip lines as
show in Figure 3.1. A Duroid 6006 substrategQf 6.15 and thicknessh =

0.635mm was used in the microstrip bandpass fiksign here.

The feed line has a width df = 0.93mm and a length &f = 5mm. The feed
line is couple efficiency to a vertical strip lindus the vertical strip line has a width
of d; = 0.93mm on the left-hand siddy; = 0.935mm on the right-hand side, and a
total length of the vertical strip line is 10.2mhy ¢ Ls+ Lg+ L7+ Lg+ Lg). The first,
third and the fifth strip lines are connected te tlght-hand side of the vertical line.
The dimensions of the first, third and fifth stfipes are given by; = 18.115mm,
W, = 0.20mm,L;= 11.065mmW,; = 1.20mm, ko = 18.115mmWs = 0.90mm. For
the second, fourth and sixth strip lines were desilgin different parameters given
by Ls= 18.07mmWs= 0.20mm,Lg= 11.57mmWs = 0.93mm L0 = 18.115mmWs
= 0.90mm,L13 = 18.07mmW; = 1.50mm. In addition, each strip line was sepalat
with different parameters given ly = 2.10mmLs = 3.18mm/Lg = 1.06mm,Lo =
1.46mm,L;, = 2.40mm.
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3.4 Results and Discussions

In this project all the measurements are done liyguRohde & Schwarz Vector

Network Analyzer ZVB8. The result of dual-mode dbahd microstrip bandpass
filter is shown in Figure 3.1.
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Figure 3.3: Measured and stimulated&hd $; of dual-mode dual-band microstrip

bandpass filter

Figure 3.3 shows the simulated and measured rétwses and insertion
losses. Rrom the figure, the measured center frexyuis 1.655 GHz, which is very

close to the simulated value of 1.69 GHz (erroi720 The measured and simulated

3-dB bandwidths|§ | < —10 dB) are given by 9.09% and 12.79%, respectivaso

shown in the figure are the simulated &nd $; by using the network model. With
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reference to the figure, the measured center fregues 1.65 GHz, which is very

close to the simulated value of 1.69 GHz (error7208 The measured 3-dB

bandwidth (S,|< -10 dB) by using network model is given by 10.40%Vith

reference to the figure, the models predict thea8d $; reasonably well.

The error might caused by the gap distance. Frarsimulation design the
capacitive coupling gap is 0.01 mm. However, suehraw gap is difficult to
fabricate by the equipment in the laboratory. Fewdid 6006 substrates have been
fabricated and experiment. At the end of the d&yiththe best result the author able

to collect.
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CHAPTER 4

PARAMETER ANALYSIS

4.1 Case Studies

In the case studies, only one of the filter paramsewvill be changed at one time and
the result will be studied for better improvemeRtr instance, gap between the
resonators changed to 0.1 mm while other parametrain the same. In this
chapter, gap results have been studies. For cosgpapurpose the frequency range
has been set to 0.5 to 3 GHz.

4.2 Gap

At first the affect of the gap to the filter resgenhas been studied. The author has
study based on the proposed design in Figure Bd parameter analysis for the gap

distances is shown in the Figure 4.1 - 4.17.

4.3 Width

Besides, the width of the filter response has bksen studied. The author has study
based on the proposed design in Figure 3.1. Thenper analysis for the width of
the strip lines is shown in the Figure 4.18 - 4.34.
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Figure 4.1: Response of Case Studies |

From the Figure 4.1, it can be noticed that theoisécpassband has been

deteriorate; neither the gap distance0f increase or decrease.
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Figure 4.2: The electric field whe=0.021mm

By observing the Figure 4.2, the second passbaviowdly is influenced by
theg;. Besidegy;, the second passband also influence by gap desanfg,, gs and
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alsoge. At the same time, the gap distance between theedhd fourth strip line
influenced the second passband as well.
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Figure 4.3: The electric field whep=0.19mm

By observing the Figure 4.3, the second passbavidudly is influenced by
theg:. Besidegy,, the second passband also influence by changagap distances
of g2, gs and alsays. At the same time, the gap distance between tteedhd fourth
strip line influenced the second passband as well.
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Figure 4.4: Response of Case Study Il
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From the Figure 4.4, the second passband has b#aeniced by the gap
distance ofg,. The first passband do not influence much by tienges of the gap

distanceg,. Hence , both passband are optimized at 0.065mm.
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Figure 4.5: The electric field whep= 0.075mm

By observing the Figure 4.5, the second passbavidudly is influenced by
theg,. Besidegy,, the second passband also influence by changengap distances
of g1, gs and alsays. At the same time, the gap distance between treedhd fourth
strip lines influenced the second passband as well.
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Figure 4.6: The electric field whep= 0.055mm
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By observing the Figure 4.6, the second passbavidudly is influenced by
theg,. Besidegy,, the second passband also influence by changagap distances
of g1, g5 and alsaes. At the same time, the gap distance between treedhd fourth
strip lines influenced the second passband as well.

[Sil (dB)

-10

-20 b
—— = 7.070 mm '.'
[ eeeemneees gs=7.071 mm I‘
=== 3= 7.069 mm
-30 ‘ ‘ | | | | | ‘ |
0.5 1 15 2 2.5 3
Frequency (GHz)

Figure 4.7: Response of Case study IlI

From the Figure 4.7, the second passband detextbfaster atjs= 7.071mm.
When the gap distance was adjusted equal to 7.06%n&second passband do not

deteriorated much. Hence, both passbands are aptinait 0.065mm.
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Figure 4.8: The electric field whea=7.071mm

By observing the Figure 4.8, the second passbawdwdly is influenced by
the gs;. Besidesy;, the second passband also influence by changengah distances
of g1, 02, g5 and alsogs. At the same time, the gap distance between ting aimd
fourth strip lines influenced the second passbanadedl.
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Figure 4.9: The electric field whep = 7.069mm

By observing the Figure 4.9, the second passbanwdly is influenced by
the gs. Besidey;, the second passband also influence by changengah distances
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of g1, 02, g5 and alsogs. At the same time, the width of the second andtfostrip

lines influenced the second passband as well.
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Figure 4.10: Response of Case Study IV

From the Figure 4.10, the first and second passbatetiorated faster ai=
6.575mm. However, the first and the second passtamabt influence much when

the gap distancgy= 6.555mm. Hence, both passbands are optimize®@bsmm.
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Figure 4.11: The electric field whep=6.575mm

By observing the Figure 4.11, the second passbbwidusly is influenced by
theg,. Besidegy,, the second passband also influence by changengah distances
of g1, 92, g5 and alsogs. At the same time, the width of the second ancdithirip

lines influenced the second passband as well.
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Figure 4.12: Response of Case Study V
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From the Figure 4.12, the second passband degfastes atgs= 0.019mm.
However, the first and the second passband donilbience much when the gap

distancegs= 0.021mm. Hence, both passbands are optimize®20Gm.
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Figure 4.13: The electric field wheg=0.021mm

By observing the Figure 4.13, the second passbbwidusly is influenced by
the gs. Besidegys, the second passband also influence by changengah distances
of g1, G2, 05 and alsags. At the same time, the width of the first, secamdl fourth
strip lines influenced the second passband as well.
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From the Figure 4.14, the second passband degfades when the gap

distance ofge=0.075mm andys=0.055mm. Hence, both passband are optimized at

0.065mm.
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Figure 4.15: The electric field wheg=0.075mm
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By observing the Figure 4.15, the second passbbwidusly is influenced by
the gs. Besidegys, the second passband also influence by changengah distances
of g1, 92, g5 and alsags. At the same time, the width of the second, foarld sixth
strip lines influenced the second passband as well.
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Figure 4.16: The electic field wheg=.055mm

By observing the Figure 4.15, the second passbbwidusly is influenced by
the gs. Besidegs, the second passband also influence by changengah distances
of g1, 92, g5 and alsags. At the same time, the width of the second, foarld sixth

strip lines influenced the second passband as well.

Generally, smaller gap able to create a strongeaative coupling between
the resonators. From the all the figures above stmwpper passband and lower
passband are influenced by the changes of the gkgeever, at the same time, the
width of the strip lines also influenced the motiminelectromagnetic flow between

the strip lines.
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Figure 4.17: Response of Case Study VII

From the Figure 4.17, it can be observed that doersd passband degrades
faster when the width of the first strip liM&=0.10mm compared to its counterpart.
Hence, both passband are optimized at 0.20mm.
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2.0000e+004
1.6000e+004
1.2000e+004
8.0000e+003
4.0000e+003
0.0000e+000

Figure 4.18: The electric field whék=0.10mm
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By observing the Figure 4.18, the second passbanigies obviously as it is
influenced by the\,. BesidesW,, the second passband also influence by changing
the width of theWs, Ws, andWs. At the same time, the gap distances ofghe),, g,
gs and alsays influenced the second passband as well.

E[V/m]:1

5.0000e+004
4.5000e+004
4.0000e+004
3.5000e+004
3.0000e+004
2.5000e+004
2.0000e+004
1.5000e+004
1.0000e+004
5.0000e+003
0.0000e+000

Figure 4.19: The electric field whéf,=0.30mm

By observing the Figure 4.19, the first and secgra$sbands vanish
obviously as it is influenced by thié,. Besides\,, the first passband also influence
by changing the width of thék, Ws, andWs. At the same time, the gap distances of

thegs, 02, 94 gs and alsays influenced the first and second passbands as well.
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Figure 4.20: Response of Case Study VIl

From the Figure 4.20, it can be observed that itisé dnd second passbands
degrade faster when the width of the second stigpWs=0.10mm compared to its
counterpart. The second passband is influencedhby changes of the width,

W;=0.30mm. Hence, both passband are optimized atrGr20

E[V/m]:3

2.0000e+004
1.80008+004

1.6000e+004

1.40008+004

1.2000e+004 [0

1.000084004 |

8.0000e+003 W
6.00002+003 =

4.00008+003

2.00002+003

0.

0000e+000 .ﬁ

Figure 4.21: The electric field whéf=0.10mm



45

By observing the Figure 4.21, both passbands vaaishously as it is
influenced by thé\s. BesidesAs, both passbands are also influence by changing the
width of theW,, Wy, W5, W andW- At the same time, the gap distances ofghey,,
0s andgs influenced the first and second passbands as well.

E[V/m]

5.0000e+004
4.5000e+004
4.0000e+004
3.5000e+004
3.0000e+004
2.5000e+004

1.5000e+004 |yt

1.0000e+004 —
5.0000e+003
0.0000e+000

Figure 4.22: The electric field whéf=0.30mm

By observing the Figure 4.22, both passbands vaashously as it is
influenced by thé\s. BesidesAs, both passbands are also influence by changing the
width of theW,, W, Ws, W andW,. At the same time, the gap distances ofghep,

gs andge influenced the first and second passbands as well.
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Figure 4.23: Response of Case Study VIl

From the Figure 4.23, it can be observed that duersd passband degrade
faster when the width of the third strip liv,=1.10mm. Also, the first and the

second passbands are vanished whenWlel.30mm. Hence, both passband are
optimized at 1.20mm.

E[V/m]

4.0000=+004
3.6000e+004
3.2000e+004
2.8000e+004
2.4000e+004
2.0000e+004
1.6000e+004
1.2000e+004
§.0000e+003
4.0000e+003
0.0000e+000

Figure 4.24: The electric field whéf,=1.10mm
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By observing the Figure 4.24, the second passbanigies obviously as it is
influenced by tha\,. BesidesdN,, both passbands are also influence by changing the
width of theW,, Ws, Ws, andW,. At the same time, the gap distances ofghe), gs
andgs influenced the first and second passbands as well.

E[V/m]:1

5.0000e+004
4.5000=+004
4.0000e+004
3.5000e+004
3.0000e+004
2.5000e+004
2.0000e+004
1.5000e+004
1.0000e+004

Figure 4.25: The electric field whéf,=1.30mm

By observing the Figure 4.25, the second passbanigives obviously as it is
influenced by th&\,. BesidesN,, both passbands are also influence by changing the
width of theW,, Ws, W5 W5, andW;,. At the same time, the gap distances ofgihep,

gs andge influenced the first and second passbands as well.
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Figure 4.26: Response of Case Study X

From the Figure 4.26, it can be observed that duersd passband degrade
faster when the width of the fourth strip liM&=0.92mm. Also, the first and the
second passbands are vanished whenWe0.94mm. Hence, both passband are

optimized at 0.93mm.

E[V/m]

3.0000e+004
2.7000e+004
2.4000e+004
2.1000e+004
1.8000e+004
1.5000e+004
1.2000e+004
$.0000e+003
6.0000e+003
3.0000e+003
0.0000e+000

Figure 4.27: The electric field whétk=0.92mm
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By observing the Figure 4.27, the second passbani$ives obviously as it is
influenced by thé\s. BesidedAs, both passbands are also influence by changing the
width of theW,, Ws, Ws, andW,. At the same time, the gap distances ofghe), gs
andgs influenced the first and second passbands as well.

E[V/m]

3.0000e+004

1.8000e+004
1.5000e+004

1.2000e+004 R —
5.0000e+003 _*___\W
6.0000e+003 e

3.000084003 [ \
0.0000e+000

Figure 4.28: The electric field whétk=0.94mm

By observing the Figure 4.28, the second passbanigives obviously as it is
influenced by thé\s. BesidesAs, both passbands are also influence by changing the
width of theW,, Ws, W, W, andW;,. At the same time, the gap distances ofghep,

03, 94, s andge influenced the first and second passbands as well.
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Figure 4.29: Response of Case study Xl

From the Figure 4.29, it can be observed that itlsé dnd second passbands
degrade faster when the width of the fifth stripeliis eitherWs=0.89mm or
Ws=0.91mm. Hence, both passband are optimized atrGrO0

E[V/m]

3.0000e+004
2.7000e+004
2.4000=+004

. 2.1000e+004 | o

= 1.8000e+004 [
1.5000e+004
1.2000e+004
9.0000e+003
6.0000e+003 i
3.0000e+003
0.0000=e+000

Figure 4.30: The electric field whét=0.89mm

By observing the Figure 4.30, the second passbanives obviously as it is
influenced by thé\s. BesidesNs, both passbands are also influence by changing the
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width of theW,, Ws, Ws, andW,. At the same time, the gap distances ofghe), gs
andgs influenced the first and second passbands as well.

E[V/m]

3.0000e+004
2.7000e+004
2.4000e+004
2.1000e+004
1.8000e+004
1.5000e+004
1.2000e+004
9.0000e+003

i

6.0000e+003
3.0000e+003
0.0000e+000

Figure 4.31: The electric field whét=0.91mm

By observing the Figure 4.31, the second passbanisives obviously as it is
influenced by thé\s. BesidesNs, both passbands are also influence by changing the
width of theWs,, Ws, Ws W, andW;. At the same time, the gap distances ofgthep,

04,05 andgs influenced the first and second passbands as well.
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Figure 4.32: Response of Case Study XII

From the Figure 4.32, it can be observed that goersd passband vanishes
when the width of the sixth strip line is eith&=1.40mm orWs=1.60mm. Hence,
both passband are optimized at 1.50mm.

E[V/m]

3.0000e+004
.7000e+004
.4000e+004
.1000e+004
6000e+004
5000e+004
.2000e+004
.0000e+003 ——
.0000e+003
.0000e+003
.0000e+000

DWW

Figure 4.33: The electric field whéi;=1.40mm
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E[V/m]

4.0000e+004
3.60002+004
3.2000e+004
2.8000e+004
2.40002+004
2.0000e+004
1.6000e+004 =
1.2000e+004 [, WP,
8.0000e+003
4.0000e+003
0.0000e+000

Figure 4.34: The electric field whéf=1.60mm

By observing the Figure 4.33 and 4.34, the secoasslm|nd vanishes
obviously as it is influenced by thé4. BesidesW;, both passbands are also
influence by changing the width of tN&, Ws, W, Ws andWs. At the same time, the
gap distances of tha, g2 03, ds, g5 andgs influenced the first and second passbands
as well.
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

51 Conclusion

As a conclusion, microstrip band pass filters hé#een studied. An inter-digit
microstrip dual-mode dual-band band pass filterbbesen designed and demonstrated
in this project. The simulated results based on $8rsion 8 shown reasonably
well with measurements. With the experience hadhis project, writer able to
design filters or antennas based on HFSS simulaaftware and measured the

results with VNA in laboratory. Thus, the objeetiof this project has been achieved.

5.2 Recommendation

Since the gaps will affect the filter response, rev@.01lmm changes will bring

different response to the filter. Thus, it has melveen any easy to fabricate the
microstrip fingers with limited facilities in thalboratory. It is advisable, to fabricate
the small gaps between resonators, it is bettenatee a laser machining in the
laboratory. This will achieve high machining acayravith tight tolerance and ease

the work of fabrication process.

Besides, the filter is made up of a number of Ietared microstrip fingers
coupled together as shown in Fig. 3.1. The maximualue of an inter-digital

capacitor is limited by its physical size, andntaximum usable operating frequency
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is limited by the distributed nature of the fingefherefore, the performance of the
filter can be further improved by increasing thentner of fingers. They are ideal as
tuning, coupling and matching elements, where seggbacitor values are required

and precise values are necessary.
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