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Introduction
Microwave resonators have a history of nearly hundred years 
ever since oscillators were used in RF and microwave domain. 
Significant advancements in waveguide type resonators were 
witnessed during world war and thereafter the usage of high 
frequencies with high power was observed. The post world 
war period saw the development of low power high frequency 
components for civilian usage, thereby proliferating the application 
domain. In 1960 at least thirty years after the seminal work of 
Richmeyer, the microwave engineers had a relook at the dielectric 
resonators for low loss high Q component design. This category 
has established itself as a popular choice of resonator for oscillator 
applications ranging from MHz to mm wave. 
The mid 1960s was also witness to low cost and lower power 
handling printed circuits realized on dielectric substrate. The 
planar nature of the substrates initiated a broad domain of printed 
circuit technology which produced low cost, light weight and low 
power handling components. The advent of wireless technology 
in the late 1980s and early 1990s initiated much attention to 
these. The multi-standard wireless systems are functional at more 
than one frequency. This concept resulted in a paradigm shift in 
the approach to resonator design. Earlier high Q resonators for 
oscillators and filter application were desirable because of the 
inherent narrow bandwidth of the components. In recent domain 
multiband components are desirable where planar resonators are 
extensively used. The tutorial demarcates this usage based design 
approach where the higher harmonics were a nightmare for single 
band component design and this itself became a boon in multiband 
component design.
The tutorial revisits some preliminary foundations that marked the 
introduction of impedance concept by Heaviside and a simultaneous 
emphasis on transmission line distributed circuit theory by Lord 
Kelvin (Sir William Thomson), expressing impedance function in 
terms of resonant frequency by Schelkunoff and extending Foster 
reactance theorem to resonator by Mc Lean. The incarnations 
of quality factor that has a trivial origin from the knowledge of 
amount of energy stored and amount of energy dissipated have 
been classified. 
 In low power application, planar resonators are indispensable. The 
simplest form is a Uniform Impedance Resonator (UIR) realized in 
microstrip, coplanar or strip line version.  This basic resonator has 
been used for various filter applications for the past few decades. 
One of the logical extension to UIR that have carved a niche in 
itself in planar circuit design is the Stepped Impedance Resonator 
(SIR) first introduced by Makimoto and Yamashita in 1980s [1]. 
The interesting thing is that the resonator was introduced not for 
multiband operation but to move the higher spurious bands such 
that the fundamental is not perturbed. Over the years a number of 
design modifications have transformed this to a versatile category 
of resonators. With proliferation of wireless technology, the 
demand for simultaneous usage of multimode wireless system 
has increased, which, has put additional constrains on designers. 
Conventional filters like parallel-coupled lines and hairpin filters 

are realized in multiple stage configurations [1]. However, these 
have large circuit dimension. Achieving miniaturization is of prime 
importance for designing banspass filters for wireless applications. 
Design strategy has been developed for hairpin bandpass filters, 
which offer to some extent compact structure as compared to 
edge coupled filters [1]. To shrink the filter even further, modified 
Stepped Impedance Resonators (SIR) has been proposed [2]. 
Some of these novel designs are illustrated in Fig. 1. Further 
miniaturization is possible using inward folded SIR.
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Fig. 1: Some Structural Variations of λg/2 SIR (a) Straight Type SIR 
(b) Hair-Pin Type SIR (c) Hair-Pin Type With Internal Coupling 
(d) Ring Type With Internal Coupling

Tutorial brings forth the well established transverse resonance 
technique to analyze resonators and examples are covered to 
exemplify utility. ABCD matrix technique is used to illustrate 
the modeling and characterization of SIRs.

Fig. 2: Layout of Tri Section SIR
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The simple SIR is further modified as a tri-step SIR (TSSIR) (fig. 2) 
which, provides for additional degree of freedom by introduction 
of two impedance ratio. The control on triband is more robust 
with TSSIR than the SIR where the single impedance ratio is 
insufficient to tune more than two resonances.

Fig. 3: Arbitrary Length SIR

Over the years the electrical length has also become a parameter 
to fine tune this multimode resonator. This manifest itself as 
asymmetric SIR (fig. 3). In general the innovations depend upon 
the judicious design of resonator, its characterization and proper 
excitation to realize components. 

Fig. 4: Component Design Cycle Using Planar Resonator

This design cycle is illustrated in fig. 4. A planar square shaped 
resonator can be used to design a crossover as well as an antenna 
with the only difference lying in the excitation method. This 
tutorial brings forth all these categories with design insights to 
usher researchers to develop circuits and components in planar 
domain.
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