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ABSTRACT

Current demand o f  the microwave application systems requires an optimum 
exploitation o f  the frequency spectrum, leading to rigorous specifications imposed on 
microwave filters, in terms o f  cost, compactness and selectivity. Along such direction, 
tunable filters are becoming ideal solution to replace bulky and complicated filter 
banks, which are required to cater the multiple channels due increasing number o f 
applications in the system. A novel concept o f tunable dual-mode ring resonator filter 
involving quarter-wavelength coupled-lines has been introduced, based on the 
identification o f  the filter control parameters. However, no specific method or 
practical implementation o f the concept has been proposed to achieve the concept. In 
addition, no precise technique or technology has been suggested to allow the addition 
o f the tuning elements into the filter to allow the tuning. Therefore, the main objective 
o f  this thesis work is to realize the proposed tunable ring-based filter using one o f  the 
reliable tunable technologies which is varactor diode that can satisfy fast tuning speed, 
low cost, ease o f  fabrication and wide selection. In order to achieve this, a tuning 
circuit is proposed, designed and implemented. Then, the varactor-tuned circuit is 
applied into the quarter-wavelength side-coupled ring-resonator filter. The proven 
tuning circuit is also used to realize other types o f tunable filters, based on two 
developed ring-based topologies. Furthermore, the complete circuits o f the tunable 
bandpass filter are realized using microstrips on epoxy glass substrate and the 
measurement results are found to be in good agreement with the ones from simulation.
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CHAPTER ONE 
INTRODUCTION

1.1 BACKGROUND

The increasing demand o f the microwave application systems requires an 
optimum exploitation to cover a large frequency spectrum. In order to avoid the 
frequency congestion, the more and more rigorous specifications are imposed at front-end 
elements o f  emission in telecommunication system chain especially on the filtering 
devices; hence the fact that filters to be one o f the important areas specifically for 
wireless and mobile applications. In fact, the recent trend demands for high selectivity 
filter to cater multifunctional operation systems. On the other hand, the highly integrated 
communication systems with multiple channels will require the implementation o f  filter 
banks, which lead to greater size, weight and cost. Therefore, the use o f  highly selective 
tunable filters becomes an ideal solution. In the meanwhile, continuous efforts toward 
developing tunable filters are being done by many researchers, involving various 
technologies, including mechanical tuning, ferrite, RF MEMS, semiconductor varactors 
and ferroelectric materials. Naturally, most focus has been given on the technology with 
fast tuning speed, high selectivity, wideband coverage and compact size [1-15].

In view o f this regard, it is noted that numerous topologies have been taken into 
account in realizing the tunable filters. These include the ring-based topologies, which 
offer high selectivity and circuit compactness, to vast applications involving filters, 
measurement o f dielectric constant, phase velocity and dispersion [16-20]. The 
implementation o f  ring-based resonators for tunable filter applications is facing a 
problem, where most o f  the existing ring filter topologies are generally developed based 
on the extensive optimizations and simulations to achieve the desired response, since no 
synthesis is included in their designs. Such lack o f  synthesis leads to difficulties in tuning 
the filters, where the tuning elements might not be able to be identified, or no exact range 
o f values can be determined in advance for the tuning elements.
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