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This thesis presents filtenna design with selectivity enhancement for modern 
communication systems. Filtennas are designed to simplify the radio frequency (RF)  
front-end, reduce cost and eliminate signal losses. Two filters, (Filter A and Filter B) 
and two filtennas, (Filtenna A and Filtenna B) have been designed to overcome a few 
drawback such as decrease in the peak gain, poor selectivity, increase in feeding area 
and structure complexity of the existing filtennas. Filtenna A and Filtenna B are 
designed based on Filter A and Filter B, respectively, by using filter synthesis 
technique. All designed structures were simulated using Computer Simulation 
Technology (CST) Microwave Studio and validated through fabrication and 
measurement of the prototypes. Firstly, an improved technique for creating sharp 
selectivity of a T-shaped stub bandpass filter (Filter A) is designed. The T-shaped stub 
is loaded with vertical resonators to produce good selectivity at both edges of the 
passband at 3.6 GHz. The advantage of this filter is the potential ability to adjust the 
center frequency and the bandwidth to suit the system demands. Secondly, a novel and 
compact second order Chebyshev bandpass filter (Filter B) with sharp selectivity is 
designed to operate at 5.8 GHz. The sharp selectivity is obtained by using U-shaped 
resonators and Defected Ground Structure which are responsible for the rejection at 
the higher and lower band edge, respectively. The advantage of this design is size 
compactness. About 56% area reduction is achieved over the second order Hairpin 
bandpass filter.  Thirdly, the T-shaped stub bandpass filter is synthesized with a 
microstrip patch antenna to form a T-shaped stub fed filtenna (Filtenna A) with 
enhanced selectivity. The advantage of this design is that it maintains the same 
bandwidth as the conventional patch antenna with enhanced gain and good out-of-band 
suppression.  The fourth design involves the synthesis of the second order Chebyshev 
designed filter with a U-shaped patch (Filtenna B). The designed filtenna operates at 
5.8 GHz and has sharp selectivity as no degradation of the peak gain. The superiority 
of the proposed design over the conventional patch antenna is verified by a 99 % 
decrease in the out-of-band suppression and a 11.86 % increase in the gain 
performance. The designed filtennas address the limitations faced by existing filtennas 
and can be used in Wireless Local Area Network (WLAN) application. 

ABSTRACT 
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Tesis ini mempersembahkan reka bentuk filtenna dengan peningkatan 
kepilihan untuk sistem komunikasi moden. Filtenna ini direka untuk meringkaskan 
keseluruhan frekuensi radio (RF), mengurangkan kos dan menyingkirkan kehilangan 
isyarat. Dua penapis (Penapis A dan Penapis B) dan dua filtenna (Filtenna A dan 
Filtenna B) telah direka untuk mengatasi beberapa kekurangan seperti penurunan 
gandaan puncak, kepilihan yang lemah, peningkatan dalam saiz talian suapan dan 
kerumitan struktur filtenna yang sedia ada. Filtenna A dan Filtenna B direka 
berasaskan daripada Penapis A dan Penapis B, masing-masing, dengan menggunakan 
teknik sintesis penapis. Semua struktur yang direka telah disimulasikan menggunakan 
Studio Gelombang Mikro (CST) dan disahkan melalui fabrikasi dan pengukuran 
prototaip. Pertamanya, penambahbaikan teknik  untuk menghasilkan kepilihan tajam 
bagi penapis lulus jalur berbentuk “T” (Penapis A) direka. Puntung berbentuk “T” 
dimuatkan dengan kepulan pengayun menegak untuk menghasilkan kepilihan yang 
baik pada kedua tepi jalur lulus pada  3.6 GHz. Kelebihan penapis ini adalah berpotensi 
untuk menyesuaikan frekuensi pusat dan lebar jalur bagi menampung permintaan 
sistem. Keduanya, penapis lulus jalur Chebyshev jujukan kedua yang baharu dan padat 
(Penapis B) dengan kepilihan tajam direka untuk beroperasi pada 5.8 GHz. Kepilihan 
tajam diperoleh dengan menggunakan kepulan pengayun berbentuk “U” dan Defected 
Ground Structure yang bertanggungjawab untuk penolakan di jalur luar sisi tinggi dan 
rendah, masing-masing. Kelebihan reka bentuk ini adalah kepilihan tinggi dan 
kepadatan saiz. Pengurangan keluasan saiz lebih kurang 56 % telah dicapai berbanding 
dengan penapis lulusjalur jujukan kedua Hairpin. Ketiga, penapis jalur lulus berbentuk 
“T” disintesiskan dengan antena tampalan mikro jalur untuk menghasilkan filtenna 
suapan talian ‘T” (Filtenna A) dengan kepilihan yang dipertingkatkan. Kelebihan reka 
bentuk ini ialah mengekalkan jalur lebar yang sama dengan antena tampalan 
konvensional dengan peningkatan gandaan dan penindasan luar jalur yang lebih baik . 
Reka bentuk keempat melibatkan sintesis penapis Chebyshev jujukan kedua dengan 
tampalan berbentuk “U” (Filtenna B). Filtenna yang direka beroperasi pada 5.8 GHz 
dan mempunyai kepilihan tajam tanpa penurunan gandaan puncak. Kelebihan terhadap 
rekabentuk ini ke atas antena tampalan konvensional disahkan oleh pengurangan 
sebanyak 99 %  dalam penindasan luar jalur dan peningkatan 11.86 % pada prestasi 
gandaan. Filtenna yang direka menangani kekurangan yang dihadapi oleh filtenna-
filtenna yang sedia ada dan boleh digunakan dalam aplikasi Wireless Local Area 
Network (WLAN). 

ABSTRAK 
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INTRODUCTION 

Introduction 

The twenty-first century has experienced a significant increase in 

communication among all categories of people. Consequently, the rise in the use of 

electronic devices has become an irresistible trend that has come to stay. There is a 

need for supporting systems which enable communication to be more efficient and 

effective. The optimization of radio frequency front end circuit used to support the 

transmission of signals is very critical. This is because communication systems rely on 

RF front end circuits to deliver signals to their end users [1]. 

The RF front end circuit comprises of the antenna, bandpass filter, low 

noise/power amplifier, mixer and local oscillator [2]. It processes the incoming RF 

signal before it is converted to intermediate frequency and vice versa. The change in 

communication systems from analogue to digital communication; has made factors 

such as performance, cost, size and power consumption of great significance. The 

demand for these factors has given rise to multifunctional devices. The RF front end 

is therefore an integral part of any communication system. It is shown in Figure 1.1. 

The antenna and the bandpass filter are the key components of the RF front end 

circuits. The purpose of the antenna is to transmit or receive signals while the bandpass 

filter is used to remove unwanted signals. The antenna and bandpass filter are both 
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individually designed with 50 Ω line impedance. However, an impedance mismatch 

exists between the antenna and bandpass filter when they are cascaded in the RF front 

end circuit. Consequently, a matching network is utilized between the antenna and 

bandpass filter to enhance the system performance. The matching network increases 

the overall system complexity and size [3, 4]. 

(a) 

 (b) 

Figure 1.1 Block diagram for RF Front end (a) Transmitter circuit (b) Receiver 

circuit [1] 
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There exists external noise and transition loss between the antenna and 

bandpass filter. Moreover, the bandpass filter has its own insertion loss. These losses 

have an adverse effect on the system performance, which is quite significant in digital 

communication [2]. Addressing these losses is of great concern to researchers 

nowadays. A practicable approach used to resolve these losses is to integrate the 

antenna and filter into one single structure. This structure is often referred to as 

filtenna. This approach is not as easy as it seems because it goes beyond merely 

combining the filter and antenna together. 

A Filtenna (Filter+antenna) is therefore a structure which integrates an 

antenna and filter into a single structure thereby reducing interference, losses, system 

size, complexity and improving the system noise performance [5-9]. A good filtenna 

structure should possess both good antenna operations (in terms of the radiation 

pattern, directivity, polarization) and good filter performance (i.e. high selectivity, 

good out-of-band rejection with sharp roll off) [2].  The filtenna design simplifies the 

RF front end circuit as seen in Figure 1.2 by eliminating the need for a bandpass filter 

and matching network. Multifunctional devices such as filtennas are therefore 

generating much attention by researchers due to the advantages they possess. The 

design of filtennas is the main motivation behind this research; more details would be 

further discussed in this thesis. 
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(a) 

 (b) 

Figure 1.2 Block diagram for RF Front end with Filtenna (a) Transmitter circuit 

(b) Receiver circuit 
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Problem Statement 

The RF front end affects the quality of the bit error rate (BER) performance as 

well as the best possible Signal to noise ratio (SNR) of the system.  Therefore, the 

signal quality can be improved by having a properly designed RF front end. One of the 

measures taken to improve the RF front end is by integrating the filter and antenna in 

a single structure. As a result, the losses, and interference between the antenna and the 

bandpass filter is tackled thereby yielding a better BER and system SNR. Generally, 

these losses are tackled by filtenna design. 

Several literatures [10-17] have implemented the filtenna design through 

different approach or process to yield the required performance. Filtennas are designed 

for fixed, multiband and reconfigurable frequencies. The approaches used in filtenna 

design include Stacked substrates filtennas [3, 4, 18], edge coupled filtennas [19-21] 

differentially designed filtenna [22-25], hairpin resonator filtennas [3, 17, 26], 

substrate integrated waveguide (SIW) filtennas [27-31], filtennas with Dipole [32, 33]. 

A filtenna which operates at both a filter and filtenna with three ports is shown in [34]. 

Filtenna arrays using edge coupling and power divider [35] and U-shaped hairpin 

resonators [36] have been designed. A number of reconfigurable filtennas have been 

achieved by embedding bandpass filters on the feedline of the wideband antennas [37-

41]. Each of these approaches are discussed in detail in Chapter 2 of this thesis.  

However, implementing filtennas has come with its challenges and limitations. 

Among these challenges are a degrading of peak in-band gain, low level out-of-band 

gain rejection and the complexity of the synthesis. The increase in the overall feeding 

portion which adds further size to the filtenna is also of concern to researchers. 

Currently the use of stacks have been utilized to compensate for the decrease in 

passband gain experienced, however this makes the antenna high profile and increases 

its complexity. Hence this research shall seek to address achieving filtenna design with 



6 

 

  

compact size, low profile, high in-band gain and good selectivity as well as radiation 

pattern performance for modern communication systems. 

 Research Objectives 

The aim of this thesis is to enhance the selectivity of the filtenna by employing 

efficient techniques. Hence, the following key objectives of this research are as listed 

below.  

(i) To design a microstrip bandpass filter with good out-of-band rejection of  

> -10 dB, low insertion loss of  < -3 dB and compact size.  

(ii) To design filtennas by coupling the designed bandpass filters to microstrip 

patch antenna to achieve both good radiating and filtering requirements such 

as compact size, low profile structure, well-shaped radiation pattern, none 

degradation of passband gain and out of band rejection of > -10 dB. 

(iii) To compare and verify the performance of the designed filtennas with a 

‘cascaded patch antenna and filter’ found in a conventional RF front ends. 

 Scope of Research 

The aim of this research work is to integrate filters and antennas within a single 

structure. This research shall cover a detailed review on filters and filtennas 

specifically as it affects the techniques and challenges faced by the filtennas design. 

Two microwave bandpass filters with very good selectivity and out-of-band rejection 



7 

of > - 10 dB shall be designed. The harmonics suppression of the designed bandpass 

filters is not considered in this research. This is because the research focus is on 

enhancing the selectivity. To eliminate the need for bandpass filters in the RF front 

end, the designed filters shall be integrated with the patch antenna and known as 

filtenna. Two filtennas shall be designed using synthesis technique to properly extract 

the coupling coefficient.  The desired filters and filtennas should possess a sharp 

selectivity without degradation of the peak gain in the passband. Computer Simulation 

Technology (CST) software shall be used to simulate the designs due to its accuracy. 

The parameters to be analysed are the S11, S21, gain, radiation pattern and coupling of 

the design. The proposed designs shall be fabricated in the laboratory with 

photolithography using laminate boards (FR4 and Taconic TLY5). The measurements 

of the designed prototype shall be done with the use of Vector Network Analyser 

(VNA). The gain and radiation pattern are measured in an anechoic chamber. A 

detailed analysis of the designed filters and filtennas shall be carried out. The designed 

filtennas shall be compared with a conventional patch antenna and a cascaded filter 

and antenna in terms of their performance. 

Thesis Structure and Organization 

This thesis is comprised of seven chapters. The outline of every chapter is 

provided below: 

Chapter 1 presents the introduction to the research. A succinct introduction to 

RF front end and filtennas are reviewed. Furthermore, the problem statement, scope of 

research and the objectives of the research are presented.  
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In Chapter 2, the literature review is discussed. The literature review of 

microwave bandpass filters, filtennas, filter synthesis technique and RF front end are 

provided in detail from previous works done. 

The methodology utilized in the research is presented in Chapter 3. The 

research flow chart is described. The way to synthesize the filters with a patch antenna 

to achieve both radiation and filtering functions is also detailed out. The key summary 

to use CST Microwave Studio is also explained. Fabrication and measurement 

techniques in the laboratory are also pointed out. These processes are all described in 

the chapter. 

A loaded T-shaped stub loaded bandpass filter (Filter A) is presented in 

Chapter 4. The position of the transmission zeros of the filter can be adjusted by 

changing the position of the stub used in loading the resonator. The filter has a 

Chebyshev gain response. The filter shows good rejection of out of band gain at both 

the upper and lower frequency. 

Chapter 5 introduces a compact second order Chebyshev bandpass filter (Filter 

B) for modern communication systems. The filter is made up of a pair of U-shaped

resonator formed along an indirectly coupled feedline with a Defected Ground 

Structure (DGS). The designed filter possesses good out-of-band gain suppression. 

Chapter 6 describes the integration of the earlier designed filters to a patch 

antenna which form a filtenna. The first filtenna (Filtenna A) has a Chebyshev type 

performance. The output feedline is replaced with microstrip patch antenna. The 

second filtenna structure is formed by making the antenna patch the second resonator 

of the second order Chebyshev filter (Filtenna B). The external quality of the filter 

resonator and patch are equivalent to each other. This gives the filtenna good radiation 
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and filtering characteristics. The proposed filtenna provides a sharp selectivity and 

good out-of-band rejection. 

The conclusions and areas of future works and thesis contribution are given in 

Chapter 7. The contributions derived from the achieved objectives are highlighted and 

discussed in the chapter. Further possible future works are also suggested. 
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