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1. INTRODUCTION 

 Microwaves generally refer to those electromagnetic (EM) waves that have frequencies ranging from 300 MHz to 300 GHz, 

which correspond to wavelengths (in free space) from 1 m to 1 mm. since the RF/microwave frequency band is limited, 

sharinghas to be done. We use filters as they have a property of confining the microwave/RF signals inner to a spectral limit. 

Filters help in splitting or aggregation of two frequencies. It is used to selectively control the frequency response of a 

microwave system .It permitstransmission of those frequencies which lie in the pass band while attenuating the lying in the 

stop-band.Some characteristic frequency responses of a filter are low-pass, high-pass, band-pass and band-reject. With 

advancement in technology and applications,there arise challenges in designing filters of light weight having high 

performance and compactness along with being cost efficient. There are numerous applications that are found in almost any 

type of RF or microwave communication, radar, or test and measurement system .we first discuss the EM spectrum and then 

various types of microwave filters that commonly used for satellite communications where a miniature filter is used.  

 

2. MICROWAVES 

The portion of Electromagnetic spectrum with frequency ranging from 300MHz up-to 300GHz corresponding to wavelengths 

ranging from 1m to 01mm, is termed as RF/Microwave band. The wave spectrum above this range constitutes EM waves 

having wavelengths in the range of 01
)10( 6 mm 

to 01 mm .This range represents infrared region. Beyond the infrared 

spectrum there exists visible optical spectrum, x-rays and the ultraviolet spectrum.  All the EM waves having frequencies in 

the range of 30 GHz to 300 GHz are termed as millimeter wavesbecause their wavelengths are in the millimeter range (1–10 

mm). Below the microwave frequency spectrum is the radio frequency (RF) spectrum. There is a frequency boundary 

between RF and microwaves which is hypothetical and not real. The RF/microwave applications can be referred to as all 

applications that operate under the frequency in the range of 300 kHz up to 300 GHz (Figure1.1). To make it more 

convenient, further classification is done among some of these frequency spectrums into many bands of frequencies as shown 

in Fig 1. 

Filters have an extreme importance in RF/microwave applications. Sharing has to be done as electromagnetic spectrum is 

limited and for that we use filters as they have a property of confining the microwave/RF signals within a spectral limit. 

Filters help in splitting or aggregation of two frequencies. Now in present times and most probably time to come microwave 

applications challenges microwave/RF filters with more strict requirements which include high performance, smaller size, 

and compactness, low cost and also lighter weight. 
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Abstract: Filters form a very intrinsic segment of RF/microwave technology. Needs for new filter design are increasing 

exponentially. These needs are being to advancement in microwaves area, as many applications have been introduced. 

Nowadays we need a design which would be small and compact having high performance. Day by day depending on new 

applications in this field, new design filters structures are being introduced which can meet the requirements. Many advanced 

novel designs have been made which possess advanced filtering characteristics. This field is open and has tremendous scope for 

research. In this paper we will discuss a broad review about microwave filters and their design for different applications. 

Keywords:Dielectric Resonator (DR), Electromagnetic(EM) Waves, Microwave Filters. 
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Fig 1: RF/microwave spectrum 

 

3. MICROWAVE FILTERS 

A microwave filter being a two-port device is used to selectively limit the frequency for specific application .It permits 

transmission of those frequencies which lie in the pass band while attenuating the lying in the stop-band. There are numerous 

applications that are found in almost any type of RF or microwave communication, radar, or test and measurement system. 

Today, most of microwave filtersare designed usingadvanced tools like computer-aided design (CAD) packages  that are 

based on the insertion loss method. As of the result of never ending advances in network synthesis with distributed elements, 

the use of low temperature superconductors and other new materials, plus the incorporation of active devices in filter circuits, 

microwave filter design remains an active research area till date and surely for time to come . 

Both the image parameter and insertion loss methods lead to circuits using lumped elements (capacitors and inductors) for 

designingfilters,. As foras microwave applications are considered it is necessary to modify such designs in order to employ 

distributed elements that consists of transmission line sections. 

Filters form a very integral part of RF/microwave technology. Needs for new filter design are increasing exponentially. These 

needs are due to advancement in microwaves area, as many applications have been introduced. Nowadays we need a design 

which would be small and compact; it should be having high performance. Day by day depending on new applications in this 

field new design structures of filters are being introduced which meet the requirements.  Someof the designs of filters to meet 

the requirements of the  advancing applications, specially small size, light weight,  are discussed  in following sub sections. 

Ladder Micro-strip Line 

RF/Microwave filter size is a function of guided wavelength at which it is operated..It is directly related to g  where 

g represents guided wavelength. As g  in turn depends on the pv
,where pv

denotes phase velocity, and is directly 

proportional to it, so by decreasing pv
can help in reducing the overall size. Attaining slow wave propagation can also help in 

the reduction in size. 

If we have to get slow-wave propagation the electric and magnetic energy are to be kept far i.e. we have to separate them in 

guided medium to the extent we can do. This principle is well known to all. Having all this in view and keeping account of it, 

by observing the conventional micro-strip line, one can conclude that efficiency in storage of EM energy is low in case of 

conventional line. The reason being, both the charge and the current distributions are mostly concentrated along its edges and 
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not in the center. Hence, it seems like  the properties of propagation on removal of  parts(internal) of micro-strip will not 

change that much would not get changed much as long as the internal parts of micro-strip are removed. This, however, guides 

us to use the space and periodically align narrow and short strips along the inside edges as can be seen in Fig 2 . This is 

termed as ladder-micro-strip line. 

 
Fig 2: Ladder Shape Strip line 

 

3.1 Pseudo-inter digital line filters 

Structure of Conventional inter digital filter can be seen in Fig 3. One end being short circuited and other is kept open, at 

middle of the operating frequency, each element being λ/4 in length. Actually pseudo-IDL filters are obtained from 

conventional IDL filters.  Via hole to the ground plane on a micro-strip helps in realization of short circuit connection.. As 

grounded ends are having the same potential, so they are connected in such a manner that it is to yield the modified IDF filter 

without severe distortion of the band-pass frequency response., it would seem that there will be no such prominent change It 

must be observed that at mid-band frequency where ever the two grounded ends are jointed,there is a electrical short circuit at 

that very position, even without the via hole grounding. Hence in current and voltage distributions in the nearby range of the 

mid-band frequency, even if we remove the via holes. This technique, results in pseudo-IDF filter design as can be seen in 

Fig 4. Such type of filtering structure is compact as reason being it has a size similar to that of the conventional inter-digital 

band-pass filter. It also gains its simplicity from the fact that there is no requirement of no. short-circuit connections, so the 

structure is fully compatible with planar fabrication techniques. 

 
Fig 3 

 

 
Fig 4 

 

3.2 Hairpin Resonator Filters  
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A compact micro-strip filter,with fractional bandwidth of 2% at a mid-band frequency of 1.47 GHz and of same type, has 

been designed on a RT/Duroid substrate of thickness of 1.27 mm and 
r 10.8. Also tan  (loss tangent) is equal to 0.002. 

Figure 5 defines the structure and the filter‘s performance. This particular filter structure is basically made to achieve an 

elliptical response, and is made from 4 micro-strip meander open-loop resonators (more than four resonators can also be 

implemented to construct it). Each of meander open-loop resonators has a size <
8by   8 g00 g  . So, to design the filter, 

the required circuit size only amounts to 
4by  4 g00 g ( 0g  represents the guided wavelength). In this particular case, 

the whole size of the filter is 20.0 mm by 

18.75 mm, which is just about 
4by  4 g00 g on the substrate, as expected. This size is quite compact for distributed 

parameter filters.  At finite frequencies the filter transmission response shows two attenuation poles, which is a typical and 

basic characteristic of the filters with elliptical response. A small size, meeting high performance 8-pole, (HTS) filter of same 

type has also been fabricated for mobile communication applications [3].  

 
Fig 5 

 

3.3 Slow Wave Resonator Filters 

Reduction in interference by not allowing out-of-band signals to reach receiver is quite sensitive, we require a wider upper 

stop band, including 02 f
, where 0f is the mid  frequency of a band pass filter. However, ripple pass band at 02 f

is found in 

band pass filters comprising of inherently 2



resonators. To stamp out this rippled pass band a cascaded low pass filter or 

band stop filter can be used, while compromising on cost and size. Although λ/4 resonator filters have the first ripple pass 

band at 03 f
, they require short-circuiting (grounding) connections with via holes, which is truly almost incompatible with 

planar fabrication techniques.On the other handfilters based on lumped elements do not have any specious pass band at all. 

However,they do suffer from problemslike weak power handling ability and haves higher loss. Slow-wave resonators such as 

end-coupled slow-wave resonators or band pass filters using stepped impedance resonators, or and slow-wave open loop 

resonators are very much able to control spurious response  and also not compromising with the filter size because of the 

effects of a slow wave. 

 

3.4 Dual-Mode Resonator Filters 

Dual-mode resonators have been widely put into, to realize numerous RF/microwave filters [4-7]. Main advantage and 

feature of miniature dual mode resonator filter is that it can used as a doubly tuned resonant circuit, and hence the number of 

resonators which are necessary to design an n-degree filter are now only half of the earlier one and thus resulting in a 

compact configuration of filter. 

 

3.5 Multilayer Filters 

In recent times, there has been exponentially increasing progress to make band pass filters meet the demands of high 

performance, compactness, reasonable cost size, and low cost .Microwave components, subsystems and circuit‘s design have 

become more efficient because of the introduction of multilayer filters as shown in Fig 6. Multilayer band pass filters can be 

classified mainly into two types. They are as under: 
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First can be taken as the one which is multilayered with each layer having various coupled line resonators. Moreover there is 

no insertion of ground plane in-between the layers that are adjacent.  This category is suited for wide band applications as 

strong couplings are easily realizable. 

 In contrary, the second category shows the utilization of aperture couplings between the adjacent layers on common ground. 

The general basic multilayer structure of multilayer type is given in Fig 6. This category is suited for narrow band 

applications. So by combination mainly two types of filters can be realized. 

 
Fig 6 

 

3.6 Filters with lumped elements 

Microwave filters with lumped elements are constructed by taking parallel plate capacitors and inductors that are air wound. 

They are then being soldered into small housing. These filters are known for having free frequency bands i.e. they have broad 

spurious response and they have small physical size. 

There are numerous alternate realizations depending on topology of network and component configurations. For an instance, 

for realization in the form of micro-strip or even coaxial the tubular lumped-element band-pass filter topology is best suited 

and is quite popular shown in Fig 7. We form such topology by cascading the  networks of capacitors and the 

inductors(series) alternately. In a simple micro-strip form as shown in Fig8 we take the use of 2 parallel-coupled micro-strip 

patches to realize each of the networks of capacitors, whereas the inductances are realized using spiral inductors or loops. 

 
Fig7:Band pass filter with tubular lumped elements, circuit topology. 

 
Fig 8: Tubular lumped-element band pass filter Micro-strip realization 

 

3.7 High Dielectric Constant Substrates Miniature Filters   
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Alternative method to miniaturize filter is with the help of high dielectric constant substrates. Mostly low loss ceramics, have 

found their feet in wireless section of electronic industry and their use will continue to increase exponentially without a 

doubt. Construction of micro-strip and strip line filters on high r substrates is amenable to PCB which is inexpensive and 

thus being a good technology for low-cost mass production. Some important design considerations are taken into account 

when high r  substrates are used to design miniaturized filters. They are as follows: 

Excitation of higher-order modes 

Requirement of a sufficient line width for low loss filter. This limit is associated as its necessary using low value 

characteristic impedance lines. 

Highly sensitive to small variations in physical structure.Difficult in realizing high characteristic impedance lines 

 

4. MICROSTRIP COUPLED DIELECTRIC RESONATOR FILTER 

A small fragment of material of variable shapes like cylindrical, cubic, etc having a high dielectric constant can be used as a 

dielectric resonator. The material that can be used as a resonator usually having a high dielectric constant is commonly 

referred as ‗Puck‘ .Puck is keptwithin a conducting enclosure, similar to Teflon along a material having low dielectric 

constant [12]. The enclosure is placedin order to reduce the loss of energy from the puck due to radiation.The resonant 

frequency of the ―puck‖ bank on relative permittivityand dimensions of puck.In a dielectric resonator the reason for sustained 

resonance is due to the difference in permittivity of dielectric material and air in the surrounding region.Quality-Factor, 

resonant frequencies, field patterns, andripple free bandwidth are governing attributes of dielectric resonator [13]. The ripple 

lessresponse of the dielectric resonator can be upgraded by using a cylindrical ring in place of circular puck .The response 

can be tuned up to 15% by adapting the metallic plates over the puck [11]. And possess stability in terms of Celsius 

(temperature), radiation loss(loss tangent) [14].  

Permittivity of Dielectric:The capability of the dielectric material to store electric and magnetic energy at its resonant 

frequency is known as permittivity. The permittivity of the material is correlated with the velocity of the signal passing 

through the dielectric he higher the permittivity of a material lower is the speed and vice-versa [16]. The corresponding 

decreasein wavelength of signal  while passing through a dielectric  material is related to permittivity as  

 
Quality Factor:Quality factor, Q  may be  defined as 

] 

The expression for unloaded Quality , is as  

 

Whereparameter represent dielectric,conductionand radiation losses respectively. Whenvarious losses 

(external, dielectric and conduction) are considered to negligible then can be approximated as  

 
 Where, tan δ is the  tangential loss of the resonator [4].  

 

Resonant Frequency:For a dielectric resonator the expression of resonant frequency is                         .  

 

Where is the represents the puck diameter in millimeters while H represents height of the dielectric puck.  

 

Coupling: The process of Coupling is directly dependent over the resonator mode that is  to be excited, and theextend of 

coupling required [18].For TE01δ mode of cylindrical dielectric resonator‘sas there is sufficient magnetic field radiated by 

the resonator radically,magnetic coupling can be thought as an optimum solution.When considering the internal coupling for 

resonators the size of the resonator and distance among resonators are of worth importance.[18]. 

 

5. CONCLUSION 

This paper is aimed to provide an insight of various microwave filters used for high performance, reduced size as needed in 

applications like satellite communication, radars, etc. By utilizing the high dielectric constant resonators coupled with micro-

strip lines, high performance and reduction in size can be achieved along with temperature stability. 
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