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MICROWAVE FILTERS WITH QUASI -LUMPED ELEMENTS

Abstract

The subject of the research presentedhis doctoral dissertation is microwave
bandpass filter implemented using qdasnped elements. These days, fast
technological development imposes the need ravige ubiquitous communication,
between people as well as between various systems and déwiceder to provide
wide coverage and communication mobility, wireless technology at microwave
frequencies is used. Due to the increased number of new services and devietdpmen
new wireless technologig# is necessary to strictly limit the assignedduency band
for each device. Also, the need for mobile communication and size reduction of the user
devices imposes the need to significantly miniaturize the components of wireless
systems. The previously mentioned factsuch asthe importance of wirelass
communications, frequency range occupatiod aniniaturization requirementpoint

out the particular significance of microwave bandpass filters design.

In order to accomplish the above mentioned goals, it is necessary to investigate
possibilities for inplementing filters with satisfactory characteristics regarding the
bandwidth, insertion loss, unwanted band suppression, selectivity and space occupation.
The goal of this research is implementation of microwave bandpass filter, using coupled
resonators, #h better characteristics compared to corresponding microwave filter
implementations published in the available literature. Furthermore, the goal of the
research is to introduce new method for microwave filter design using equivalent circuit

schematics.

The research starts from the assumption that the use of multilayer structure can yield
to less space required for the resonator, as well as for the filter. Here, multilayer
structure means the use @bdublesided microstrip with mutually connected ground
layers, thus providing the structure with three conducting layers and two substrates. The
resonator in the form of pateha-spiral is proposed, where the capacitor and the coil
are placed on the opposite conducting layers, while the ground layer isnmdidiie of
the structure. Having this layout, the resonator elements are no longer limited to be

Vi



placed in the single plane, so the number of possible combinations for positioning the
elements and resonators during the filter design is increased.

Consideriig numerous couplings of the feeders and resonators, all possible ways of
their mutual coupling are investigated in detail. Capacitive coupling between the feeder
and the capacitor and between the feeder and the coil is investigated. The possibility for
increasing the coupling between the feeder and the resonator using interdigital coupling
is presented. The coupling is explained in term®déactor of the loaded resonator,
using the family of parameterized curves which can be directly applied fordidsign

using Dishal s met hod.

In order to found the range of achievable coupling coefficients of two resonators,
each possible coupling between them is analyzed. The coupling between the resonators
is investigated in the following cases: capacitors areeglan one side of the substrate
and coils are placed on the other one, as well as the case when the coil of the first
resonator and the capacitor of the second one are placed on each side of the substrate.
The limitations and main differences between ¢hés/o coupling methods are
determined. The measure of coupling is graphically presented in terms atsdaator

distance, so it can be directly used for filter design.

By employing the Di s h al @factorsnefttheolahdedu s i n g
resonatorand coupling coefficients of two resonators, the seaoddr filters are
designed: using feedeapacitivelycoupled to the coil, feeder interdigitally coupled to
the coil and feeder interdigitally coupled to the capacitor. The filter implementations
havebeen analyzed using simulations in modern 3D EM software tools, while some of
them have been fabricated and experimentally validated, so the filter specifications have

been confirmed.

In order to reduce the time needed for demanding 3D EM analyses,uivaleqt
circuit models of the resonator and the seeorter filter have been made. These
equivalent circuit models have been made with great accuracy and they allow almost
instantaneous analysis of the influence of resonator elements on its charestekisti
new method for filter design using equivalent circuit is proposed. The equivalent circuit

model has been used for bandpass filter desigremtral frequencies of 5 GHz,
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3.5GHz and 3 GHz. Further, using these equivalent circuits, three fihexse been
designed and synthesized into one triple band filter. It has been shown that the
equivalent circuits can be effectively used for filter design, thereby saving the time
needed for design procedure. This triple band filter is also fabricated pednegntally

verified.

Each designed and fabricated filteave better characteristics compared to the
corresponding filters published in the available literatube considered characteristics
are bandwidth, insertion lossuppression of unwantdtequency bandsselectivity of

amplitude responsandspace occupation.

The main contributionof this dissertationis new filter design method using

equivalent circuitwhichis experimentally verified

Key words: microwave filters,bandpass filterminiaturization multilayer structure

patchvia-spiral, equivalent circuit schematimulti-bangasdilter.

Scientific area Technical scienceg&lectrical engineering
Specific scientific area Microwave engineering
UDK number: 621.3
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