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ABSTRACT 

 

     Cavity resonators are widely used in microwave filters and multiplexers due to their 

high quality factor and high power handling capability. Compact designs of these filters 

are important for practical applications, as they are generally bulky. In this thesis, two types 

of compact microwave filter designs based on cavity resonators are developed. 

     Firstly, through the use of additional posts in irises of a dielectric resonator filter (DRF), 

a dual-band filter can be achieved. Metal posts, which can be realized using screws, are 

applied in the irises of dielectric resonator filters working as capacitive obstacles. These 

posts along with the irises and dielectric resonator enclosure, which work below cut-off, 

can form the resonators to function as an evanescent mode filter. With the existing 

dielectric resonator filter, a dual-band filter design can be achieved. Using a properly 

designed coaxial input/output structure, the two passbands can be tuned individually and 

then combined together. An example of the dual-band filter is designed and simulated to 

verify the design concept.  

     A new compact design of a hybrid-coupled filter module (HCFM) is also introduced in 

this thesis, for applications in communication satellites as a combiner. A conventional 

HCFM consists of two complete 3dB hybrid couplers and two identical passband filters in 

the middle. In this work, we use the inter-resonator couplings between two filters to replace 

one of the branches in a 3dB hybrid coupler used in HCFM to make the design more 

compact. Implementation of the new design is realized using waveguide filters, dielectric 

resonator filters and coaxial cavity filters. In all cases, the new structure preserves the 
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responses of a conventional design. The circuit model in ADS and the 3D structure in 

electromagnetic (EM) simulator HFSS are built to verify the concept. Moreover, by using 

tuning screws in both cavity resonators and waveguide T-junctions, we achieve the 

tunability of the HCFM.   
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CHAPTER 1 

Introduction 

 

1.1 Overview 

 

     RF/microwave filters and multiplexers are widely used in wireless and satellite 

applications. Requirements like low cost, small size, high power handling capability and 

low insertion loss lead to demand of new designs of filters. 

     Resonators, which are capable of storing both electric and magnetic energy, are the 

basic components in filters. There are various forms and configurations of resonators. 

Different resonators have different advantages and limitations. They can be mainly divided 

into three categories. The first group is the lumped-element LC resonators. In one single 

LC resonator, the electric energy is stored in the capacitor while the magnetic energy is 

stored in the inductor. The resonant frequency is the frequency at which the electric energy 

equals to the magnetic energy. The second group is the planar resonators, which can take 

forms of microstrip transmission line, ring or patch resonators. Resonant frequency of a 
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planar resonators is determined by its physical dimensions together with the dielectric 

constant and height of its substrate. The third group is the cavity-type resonators, which 

include waveguide resonators, coaxial resonators and dielectric resonators.    

     Filters based on cavity resonators have the advantages of low insertion loss and high 

power handling capability compared to the other two types of filters. That’s why they are 

widely used in the wireless and satellite applications. However, they are generally bulky, 

which makes the compact design of this type of filters important. 

 

 

1.2 Multiple Bands Filters 

 

     Requirements like efficient use of frequency spectrum in satellite and wireless 

applications lead to emerging demand of multiple bands filters. Currently, there are several 

ways to implement a dual passband filter, including a cascade connection of a wide 

passband filter and a narrow stopband filter [1], and a combination of single filter and extra 

resonator sections [2]. Also, by using resonators containing open or short stubs, three 

transmission zeros can be achieved resulting in two passbands to create a dual-band filter 

[3]. Dual-band filters can also be realized by using stepped-impedance resonator (SIR) [4]. 

A method of combining stubs with SIR is also used in designing the dual-band filter [5]. 

Most of the multiple passbands filters focus on microstrip filters and other planar filters. In 

this thesis, we achieve dual-band filter by using a combination of dielectric resonator filter 

(DRF) and evanescent mode filter.  



3 
 

 
 

     The concept of dielectric resonator filter was first introduced in 1960s. A single 

resonator in DRF contains the metal enclosure operating below cut-off, a dielectric puck 

and a support. A DRF takes the configuration of a number of dielectric resonators 

combined with coupling sections between resonators. Different methods have been 

developed to achieve the coupling between resonators in DRF including opening irises, 

coupling screws, coupling loops and notches in the wall. 

     In waveguide cavities, when frequency is below cutoff, we call it evanescent mode. 

Resonators may be formed by adding proper capacitance along the evanescent mode 

waveguide. These resonators can be employed to design evanescent mode filters.  

 

1.3 RF combiners 

 

     In the last few decades, requirements like feeding several RF channels into one single 

antenna in a multiuser environment lead to the development of RF combiners. The 

combiner, also called output multiplexer (Output MUX), aims to combine different RF 

channels into one port.  Different configurations of the combiners have been developed 

over the last forty years including circulator-coupled MUX, directional filter combiner, 

manifold multiplexer, and Hybrid-Coupled Filter Combiner Module (HCFM) multiplexer. 

The HCFM multiplexers have the advantage of no interaction between channel filters. Also, 

the power is equally divided into each filter, which increases the power handling capability. 

However, due to the need of two identical filters and also two hybrids for each channel, the 

weight and size are larger than other types of multiplexers. 
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1.4 Motivation 

 

    Dual-band/multiple-band filters are important components in wireless and satellite 

communication systems due to the requirement of efficient utilization of frequency 

spectrum. Conventional designs of dual-band filters using planar resonator filters have the 

disadvantage of high insertion loss and low power handling capability. Filters based on 

cavity resonators have the advantages of low insertion loss and high power handling 

capability. However, they are generally bulky, which makes the compact design of filters 

using cavity resonators important. In this thesis, a new approach of designing a dual-band 

filter is demonstrated by applying additional posts in the irises of a dielectric resonator 

filter (DRF) to form an extra evanescent mode filter.  

     The HCFM multiplexers are widely used as RF combiners in wireless and satellite 

communication systems. They have the advantages of no interaction between channel 

filters and high power handling capability. However, in conventional designs of a HCFM, 

two complete 3dB hybrids are used on each side of the passband filters in the middle, which 

makes the size large. In the new design of a HCFM, we use the inter-resonator couplings 

between two filters to replace one branch in a 3dB hybrid coupler to make the design of 

HCFM more compact.  
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1.5 Outline 

      

     In this thesis, we focus on cavity resonator filters and some advanced designs based on 

cavity resonator filters, including the multiple-band filters and HCFM in RF combiners. 

     In chapter 2, recent research advances have been reviewed on the multiple-band filter 

designs. Different methods to achieve dual passband filters have been studied. Also, we 

review the works on dielectric resonator filters and evanescent mode filters, based on which 

the new dual-band design is developed. Then we proceed to the development of 

multiplexers in communication and satellite systems. The works on HCFM designs and 

improvements are also studied.  

     In chapter 3, we focus on the design process of a new dual-band filter based on two 

kinds of cavity resonator filters, which are DRF and evanescent mode filter. A design 

example has been simulated in HFSS to verify the design concept.  

     In chapter 4, a new design of HCFM has been introduced. By using inter resonator 

coupling between two filters to replace one branch in a 3dB hybrid, the size becomes more 

compact. Different configurations have been implemented and simulated both in ADS and 

HFSS. Moreover, the center frequency can be tunable by adding screws in cavity resonators 

and waveguide sections in the new design of HCFM. 

     In chapter 5, we draw the conclusions from our new designs in chapter 3 and chapter 4. 

Also we present some future work in our research. 
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CHAPTER 2  

Literature Review 

 

 

     Filters are one of the most important components in any RF/microwave communication 

systems. Cavity resonators are widely used in the designs of microwave filters where high 

Q value and high power handling capability are essential. Advances have been achieved in 

this area in the last few decades. In this chapter, we will review the previous works on 

cavity resonator filter designs and also some advanced designs based on cavity resonators, 

including dual passband filter and the HCFM implemented in RF combiners. 

 

2.1 Cavity Resonator Filters 

     The filters based on cavity resonators have the advantages of low insertion loss and high 

power handling capability compared to the filters based on lumped-element LC resonators 
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or planar resonators. Cavity resonator filters are widely used in the wireless and satellite 

applications.  

     There are different technologies for implementing the cavity resonators, including 

rectangular/circular waveguide resonator, coaxial resonator, and dielectric resonator. 

Rectangular/circular waveguide resonators are rectangular/circular waveguides with both 

ends terminated in a short circuit. Similarly, a section of coaxial transmission line can be 

short circuited at both ends to form a coaxial resonator. Field distribution of different 

modes in these waveguides are well analyzed in the literature [6, 7]. 

     The concept of dielectric resonator filter was first introduced in 1960s [8]. At that time, 

the dielectric resonator filters were not able to be used in applications due to the poor 

thermal stability of dielectric material. Advances in decreasing the temperature drift of 

dielectric material lead to the practical use of dielectric resonator filters. A single dielectric 

resonator contains the metal enclosure operating below cut-off, a dielectric puck and a 

support. It is difficult to calculate the resonant frequency, field distribution in dielectric 

resonators directly. Methods like mode matching technique [9, 10], finite-element analysis, 

and integral equation technique are applied for calculations. Electromagnetic (EM) 

simulation software, such as HFSS, can be used in calculating the resonant frequency and 

field distribution in dielectric resonator.  

     A dielectric resonator filter usually consists of a number of resonator cavities separated 

by irises to achieve inter resonator couplings. Different methods have been developed to 

achieve the coupling between resonators in DRF including opening irises, coupling screws, 

coupling loops, and notches in the wall. 
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     There are various modes in dielectric resonators including TEH, TEE, TME, TMH, 

HEE and HEH. The single mode filter operating at TE10δ mode is the most frequently used 

design in application. The dual-mode, triple-mode even quadruple-mode dielectric 

resonator filters also have been investigated. These designs have the advantage of volume 

saving compared to the single-mode DRF. However the dielectric resonator pucks have 

irregular shapes in these designs, which makes the cost higher and tuning of the filter more 

difficult.  

     Overall, dielectric resonator filters have the advantages of high power handling 

capability and low insertion loss. The main drawback of dielectric resonator filters is the 

spurious performance. An approach of mixing coaxial cavity resonators and dielectric 

resonators together [11] is used to improve the spurious performance. Also by using a 

cascade connection of coaxial cavity filter and dielectric resonator filter [12], we can also 

improve the spurious performance. This method however will increase the overall size of 

the filter and increase the insertion loss. Another approach of reshaping the resonator 

structure is proposed in [13] to improve the spurious performance. 

     Another type of cavity resonator filter is the evanescent mode filter. In 1956, Lebedev 

and Guttsait predicted that resonators can be built in waveguides below cutoff [14]. In 1958, 

Jaynes used the term “ghost mode” [15] to describe the phenomenon.  In 1961, Edson 

demonstrated that these resonators based on waveguide below cutoff have high Q-factor 

and proposed their use in filters [16]. A design theory for filters employing evanescent 

mode resonators was proposed by Craven in 1971 [17] by comparing evanescent mode 

waveguide to the lumped circuit. In 1977, Synder introduced some slight corrections to 

Craven’s work. In 1992, through the use of evanescent mode band-pass irises tuned to the 
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dielectric resonator filter, Synder successfully suppressed the dielectric resonator spurious 

modes [18]. 

 

2.2 Multiple Passbands Filters 

     Research of multiple passbands filters had been largely ignored in the past. Recently, 

requirements like efficient use of frequency spectrum in satellite applications lead to 

emerging demand of multiple-band filters. For instance, global systems for mobile 

communications (GSMs) require the devices to operate at both 900 and 1800MHz.  

Different ways have been used to implement a dual-passband filter. In 2004, a method of 

connecting a wide passband filter and a narrow stopband filter has been introduced in [1]. 

A combination of single filter and extra resonator sections is used to achieve multiple 

passbands filters in [2]. Also, by using resonators containing open or short stubs, three 

transmission zeros can be achieved resulting in two passbands to create a dual-band filter 

[3]. In [4], dual-band filters are realized using stepped-impedance resonator (SIR), with 

simple structure and tunable frequency. A method of combining stubs with SIR is also used 

in designing the dual-band filter [5]. Most of these designs focus on microstrip filters and 

other planar filters, which do not provide high quality performance compared to cavity 

resonator filters, such as waveguide filters or dielectric resonator filters, in terms of 

insertion loss and power handling capability.  

     Implementations of multiple passbands filters based on cavity resonator filters are more 

challenging. In 1990, Chen proposed a new design of tunable dielectric resonator filter 
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which also has the dual-band behavior [19]. However, no additional explanation and 

investigation were given in the paper. In 2009, Zhang proposed a novel dual-band dielectric 

resonator configuration by using two attached ring dielectric resonators in the shape of an 

“8” [20]. With different sizes of the two ring resonators, the attached structure can operate 

at two different frequencies. However, due to the irregular shape of the dielectric resonator, 

the tuning of the filter is difficult and also the cost of fabrication becomes high.  

 

2.3 HCFM in RF Combiner (Output Multiplexer) 

     Requirements of separating or combining a number of RF channels lead to the 

development of multiplexers in communication and satellite systems. Multiplexers can be 

divided into two groups: channelizers and combiners. Channelizers are used to separate a 

wideband channel into several narrowband channels. Combiners are employed to combine 

a number of narrowband channels to connect to the antenna [21]. 

     The concept of separating or combining signals at different frequencies to connect with 

one single antenna was proposed for many years. However it was not until the advent of 

satellite communication systems that advances were achieved in the design of multiplexers. 

     Different configurations of the multiplexers have been developed over the last few 

decades (since 1970s) including circulator-coupled MUX, directional filter MUX, 

manifold MUX and hybrid-coupled MUX [22-28]. Circulator-coupled multiplexers can 

only handle a low power level. Directional filter multiplexers have the limitations of small 

bandwidth and they are rarely implemented in high-power combining systems. In practical 
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applications of combiners, the manifold coupled multiplexer and hybrid coupled 

multiplexers are most frequently used [29-30]. 

     A HCFM is a building block of a HCFM multiplexer. A conventional HCFM consists 

of two 3dB hybrids and two identical bandpass filters as shown in Fig. 2.1 [29].  

Figure 2.1. Hybrid-coupled filter module (HCFM) [29]. 

 

     With inputs at port 1 and the port 2 terminated, the out-of-band channels will emerge 

from port 4 and the in-band channel will emerge at port 3 of the HCFM, when used as 

channelizers. 

     A number of HCFMs can be connected together as shown in Fig 2.2 [29] to form a 

combiner. In Fig. 2.2, four different channels are input at four different HCFMs. According 

to the properties of a HCFM, the in-band channel at each module and the channels come 

from previous HCFMs will all emerge at the same port. In the end, the four different 

channels will be combined and emerge at the common output.  
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Figure 2.2. Combiner with HCFMs [29]. 

     A 3dB hybrid is also called the quadrature hybrid. It is a 4-port network as shown in 

Fig. 2.3 [7].  With power entered in port 1, it is equally divided between port 2 and port 3, 

the port 4 is isolated. There is a -90° phase shift from port 1 to port 2, and there is a -180° 

phase shift from port 1 to port 3. 

 

Figure 2.3. A 3dB hybrid coupler [7]. 
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     The S matrix of a 3 dB hybrid coupler has the following form: 

[𝑠] = [

0 𝑗 1 0
𝑗 0 0 1
1 0 0 𝑗
0 1 𝑗 0

]                                                            (2.1) 

     The 3 dB hybrid coupler can be made in the forms of microstrip lines. We can also use 

E-plane or H-plane waveguides, or coaxial transmission lines to build the coupler for high 

power applications. 

     In HCFM, the two identical bandpass filters can be cavity resonator filters, including 

waveguide filter, coaxial cavity filter and dielectric resonator filter.  

     In 2007, Rhodes proposed a new design method of the combiner by using two 3dB 

hybrids and two single resonators between them as one section [31]. A cascade connection 

of a number of these sections can achieve the function of a RF combiner. The main idea of 

this method is that each section corresponds to one pole in the desired filter transfer 

function. This makes the tunability of the combiner easier to be realized than conventional 

designs. In 2013, Hunter built a 4th order combiner based on this method [32]. However, 

the drawback of this design is that in each section, there are two complete hybrid coupler, 

which makes the total size of the combiner extremely large. Moreover, no implementation 

in waveguide transmission lines has been reported. 

 

2.4 Research Contribution  

     In this thesis, two compact microwave designs based on cavity resonators have been 

achieved.  
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     In the design of a dual-passband filter, metal posts, which can be realized using screws, 

are applied in the irises between resonators in DRF [33]. The irises and the DRF resonator 

enclosures all work below cut-off. By adding these posts, which function as capacitive 

obstacles, along the metal enclosure, resonators can be formed to function as an evanescent 

mode filter. With proper positioning of the posts and right input/output coupling, an extra 

passband of evanescent mode filter can be achieved without any increase in size. The 

electromagnetic fields of the two filters are mainly orthogonal to each other. A dual-band 

filter is designed. Simulation result shows good verification of the concept.  

     In the design of a new HCFM used in multiplexer, we use the inter-resonator couplings 

between two filters to replace one branch in a 3dB hybrid coupler to make the design more 

compact. The 3 dB hybrid can be replaced by two H-plane/E-plane waveguide T-junctions 

or two coaxial transmission line T-junctions. The two identical filters in HCFM can take 

forms of different cavity resonator filters including rectangular waveguide filter, coaxial 

cavity filter, and dielectric resonator filter. The new design preserves the function of a 

conventional HCFM design with a much more compact structure. Moreover, through the 

use of tuning screws in both cavity resonators and waveguide T-junctions, we achieve the 

tunability of the HCFM. 
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CHAPTER 3  

Design of Dual-Band Filter 

 

3.1 Dielectric Resonator Filter 

 

     The design process of a filter usually consists of a number of steps [34-35]. First, 

according to the specific requirements, such as center frequency, bandwidth and return loss, 

the filter order and function need to be determined. In the second step, we need to 

synthesize the circuit model of the desired filter function. For example, the coupling matrix 

model [36-37] is a widely used circuit model. After the synthesis of the circuit model, the 

type of filter needs to be determined based on the size, insertion loss and power handling 

capability requirements. The last step then is to identify the physical dimensions of the 

filter. 

     The structure of a conventional three pole DRF is shown in Fig. 3.1. It contains three 

dielectric resonators operating at TE01δ mode. The inter-resonator coupling is achieved by 

irises. The input/output coupling is realized using probes. For the design process of DRF, 

we use the coupling matrix circuit model together with the electromagnetic (EM) solver, 

HFSS, to synthesize the physical dimensions. 
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Figure 3.1. Perspective view of the DRF. 

 

     For required center frequency, one single dielectric resonator is simulated in HFSS [29], 

as shown in Fig. 3.2, to get the dimensions of enclosure cavity, support, and the dielectric 

puck. During the tuning process of center frequency in HFSS, we keep the radius of the 

dielectric pucks a constant, and the resonant frequency of the resonator is determined by 

the height of the puck.   
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Figure 3.2. One single dielectric resonator [29]. 

 

     Two-coupled resonator structure built in HFSS, as shown in Fig. 3.3, is used in the 

calculation of coupling between resonators. The two resonators in Fig 3.3 have the same 

dimensions. By changing the size of the iris between the two resonators, the coupling value 

can be changed. In circuit model, symmetry is used to divide the coupling between two 

adjacent resonators into single resonators terminated by a magnetic wall (even mode) and 

an electric wall (odd mode). The frequencies 𝑓𝑚 and  𝑓𝑒 are the resonant frequencies of the 

two circuits [29]. Inter-resonator coupling Mij can be calculated from the two resonant 

frequencies 𝑓𝑚 and  𝑓𝑒  as in (3.1).  

𝑀𝑖𝑗 =
(𝑓𝑒

2−𝑓𝑚
2)

(𝑓𝑒
2+𝑓𝑚

2)
×

𝑓0

𝐵𝑊
                                                       (3.1) 

     In HFSS, we can get the two resonant frequencies 𝑓𝑚 and  𝑓𝑒 directly by performing 

eigen mode simulations. 
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Figure3.3. Two-coupled resonator structure for coupling calculation. 

     The input and output couplings are calculated from the group delay obtained using 

HFSS. The structure used in HFSS is shown in Fig. 3.4. Only one probe is built in the 

structure. The input/output coupling value can be changed by changing the position and 

depth of the probe. The relationship between group delay 𝜏 and input/output coupling 𝑅 is 

shown in (3.2) [29], where BW is the filter bandwidth. 

 𝑅 =
2

π×𝐵𝑊
×

1

𝜏
                                                           (3.2) 

 

Figure 3.4. One probe structure for group delay simulation in HFSS. 
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     By following the steps described above, we can get reasonable design dimensions. 

However, these values are not accurate once all resonators and I/O coupling structures are 

put together. The accuracy of this method is limited because of the interactions between 

components, and because elements in the circuit model are assumed to be frequency-

independent. Therefore, the physical dimensions obtained thus far are considered as an 

initial design. Once the initial values for the dimensions of DRF are obtained, we need to 

fine tune the physical dimensions of the filter.  

     The optimization process [38-42] is shown in Fig. 3.5. In the process, the physical 

dimensions of the filter are iteratively modified until requirements are satisfied. 

Start

EM Simulator 
(HFSS)

Requirement 
Satisfied?

End

Parameter 
Modifications

Yes

No

Initial Design

 

Figure 3.5. The optimization process.  
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     In order to reduce the CPU time of the design process, parameter extraction (PE) in 

Space Mapping (SM) technique [43-51] is used to guide the fine tuning of the filter 

dimensions.  The EM simulator, HFSS, which is accurate but time-consuming, is used as 

a fine model and the circuit model in ADS [52], which is fast but less accurate, serves as a 

coarse model. The main idea of SM method is to make use of the speed of the coarse model 

and the accuracy of the fine model.  

     Firstly, according to the original design specifications, we built the circuit model with 

optimized parameters in ADS. The initial design is simulated in HFSS, and the filter 

responses are used to exact circuit model parameters. By comparing the extracted circuit 

model parameters with those of the optimal circuit model, we can get an idea of how to 

modify the design parameters in HFSS. Then the fine model in HFSS is simulated with the 

modified parameters. After that, PE is performed on the new results from HFSS and 

compared to the optimal coarse model parameters. After several iterations, the responses 

from HFSS meet the design specifications, and we can achieve the final dimensions of the 

3-pole dielectric resonator filter.  

     The structure in Fig. 3.1 is built using the process as above. The electric field 

distribution in the cavity is shown in Fig. 3.6. 

 
 
 

Figure 3.6.  The electric field distribution in DRF. 
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3.2 Evanescent Mode Filter Design 

 
     The design of an evanescent mode filter follows the same process as for the DRF. A 

realization of the filter using the DRF housing is shown in Fig. 3.7. The dielectric resonator 

enclosures along with the rectangular waveguide irises work below cutoff (evanescent 

mode).   

Figure 3.7. Perspective view of the evanescent mode filter. 

 

     The center frequency is mainly determined by the gap between the vertical posts in each 

iris of the DRF. The inter-resonator coupling is related to the distance between two posts 

in different irises. The longer the distance is, the smaller the coupling. The depth of the 

probe in the cavity and also the distance between the probe and the post determine the 

input/output coupling. 

     In a conventional design of a coaxial cavity filter [53-58], the gap is usually between 

one end of the vertical post and the housing. Designs with this structure are easier to 
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fabricate. However, in this case, the location of the gap is chosen to be closer to the middle 

of the iris because the fields of the DRF are stronger in the middle area. These posts will 

have less effect on the DRF when the gaps are closer to the middle.       

     Moreover, the electric field of the evanescent mode filter is oriented vertically in the 

gap between the vertical posts as shown in Fig. 3.8. 

 

 

Figure 3.8. The electric field distribution between vertical posts.   

 

3.3 Input/Output Probe Design for Dual-Band Filter 

     As discussed above, the EM fields of the two filters are mainly orthogonal to each other. 

By applying proper input/output coupling for two filters, a dual-band filter can be achieved. 

A new structure of the input/output coaxial probe is used in this thesis as shown in Fig. 3.9. 
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The probe has a vertical section and also a horizontal section to provide couplings for both 

filters. 

 

 

 

 

 

 

(a) 

 

 

 

 

(b) 

Figure 3.9. Perspective view of input/output structure in (a) the dielectric resonator filter, 

and (b) the evanescent mode filter with the DRF detuned. 

     The vertical section of the probe mainly provides the input/output coupling for the 

evanescent mode filter while the horizontal section provides the coupling for the DRF.  
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     With the structures shown in Fig. 3.9(a) and Fig. 3.9(b), the two filters can be tuned 

individually and then combined together. For the structure in Fig. 3.9(a), the input/output 

coupling can be tuned by changing the height and length of the horizontal section of the 

probe structure. The direction of the section can also be changed in order to realize the 

required coupling. For the structure in Fig. 3.9(b), the dielectric pucks are detuned to 

evaluate the response of only the evanescent mode filter. We set the material of the 

dielectric pucks as perfect electric conductor (PEC) to move the center frequency of DRF 

away from the center frequency of the evanescent mode filter. In this way, we can evaluate 

the response of only the evanescent mode filter. The input/output coupling can be tuned by 

changing the position of the probe and by changing the depth of the vertical section. 

          The S parameters of two single filters in Fig. 3.9 are shown in Fig. 3.10. For the 

dielectric resonator filter alone, the center frequency is at 12.8GHz and the bandwidth is 

about 50MHZ. For the evanescent mode filter alone, the center frequency is at 12.47GHz 

and the band width is around 75MHz. 
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(a) 

 

(b) 

Figure 3.10. S11 and S21 of (a) the dielectric resonator filter, and (b) the evanescent mode 

filter.  
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 3.4 Design Example    

     An example of this dual-band filter is simulated in order to verify the design concept. 

As shown in Fig. 3.11, a three pole dielectric resonator filter operating at 12.8GHz and an 

evanescent mode filter operating at 12.47GHz are combined together, which makes the 

size of the filter extremely compact. The EM responses from HFSS are shown in Fig. 3.12.  

 

 

Figure 3.11. Perspective view of the dual-band filter. 

     By comparing Fig. 3.10 and Fig. 3.12, we can see when the two filters are combined 

together, there is a small shift of the center frequency for each filter. The center frequency 

of the evanescent mode filter changes from 12.47GHz to 12.42GHz, and the center 

frequency of DRF changes from 12.8GHZ to 12.82GHz. This is due to the interaction 

between the two filters.  
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Figure 3.12. S11 and S21 of the dual-band filter. 

 

 

3.5 Summary    

     In chapter 3, we first explained the design process of two types of filters, namely the 

dielectric resonator filter and the evanescent mode filter. Then, through the use of 

additional posts in irises of a dielectric resonator filter (DRF), a dual-band filter is achieved. 

Metal posts, which are realized using screws, are applied in the irises of the dielectric 

resonator filter working as capacitive obstacles. These posts along with the irises and 

dielectric resonator enclosures, which work below cut-off, form the resonators to function 

as an evanescent mode filter. With the existing dielectric resonator filter, a dual-band filter 

design is achieved. An example of this dual-band filter is simulated. The three pole 

S
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dielectric resonator filter operating at 12.8GHz and the evanescent mode filter operating at 

12.47GHz are combined together.    
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CHAPTER 4  

Design of HCFM 

 

4.1 Development of the New HCFM 

 

     A basic 4-port device used in combiners is shown in Fig. 2.1 known as a hybrid-coupled 

filter module (HCFM). With inputs at port 1 and the port 2 terminated with matched load, 

the out-of-band channels will emerge from port 4 and the in-band channel will emerge at 

port 3. 

     In each HCFM of the combiner in Fig. 2.2, there are two identical bandpass filters and 

two 3dB hybrid couplers. A branch-line 3dB hybrid coupler and its normalized form [7] 

are shown in Fig. 4.1. 
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Figure 4.1. A 3dB branch-line coupler and its normalized form [7]. 

     In this thesis, we use the inter-resonator couplings between two filters to replace one of 

the branches in a 3dB hybrid coupler to make the design more compact. The two structures 

are compared in Fig. 4.2 and Fig. 4.3, in which the passband filters are two identical 3-pole 

waveguide filters. 

 

Figure 4.2. Circuit model of a conventional HCFM.  

 

Figure 4.3. Circuit model of the new design of HCFM.  
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     In Fig. 4.3, K02 is the coupling between two filters, and there are two of them in the new 

design of HCFM. The first and the last waveguide resonators are divided into two parts by 

the K02 coupling section. K01’ and K3L’ are the input and output couplings in the new design 

of HCFM. 

     The even-odd mode decomposition technique is used to analyze the two HCFMs [59].  

     First, we discuss the even-odd mode decomposition technique used in the analysis of a 

3dB hybrid coupler. The decomposition of a 3dB branch-line coupler is shown in Fig. 4.4 

[7]. 

     The excitation entered at port 1 can be decomposed into the superposition of an even-

mode excitation and an odd-mode excitation. The sum of the responses to the two 

excitations is the actual response to the original excitation, which is incident at port 1. We 

set the amplitude of wave entered at port 1 as 1. As shown in Fig. 4.4, in each mode, due 

to the symmetry or anti-symmetry of the excitation, the four-port network can be 

decomposed into two decoupled two-port networks. In even-mode, the two excitations are 

both +1/2. In odd-mode, the two excitations are +1/2 and -1/2, respectively. After this, each 

two-port network can be easily characterized using its ABCD matrix. The ABCD matrix of 

the two-port network can be calculated by multiplying the ABCD matrices of each cascade 

component. The ABCD matrices of some useful circuits are shown in Fig. 4.5 [59].  
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(a) 

 

(b) 

Figure 4.4. Decomposition of the 3dB coupler into (a) even-mode exciton, and (b) odd-

mode excitation [7]. 
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Figure 4.5. The ABCD matrices for some useful circuits [59]. 

 

For example, the ABCD matrix of the even-mode two-port network for the branch-line 

coupler is shown in (4.1). 

[
𝐴 𝐵
𝐶 𝐷

] = [
1 0
𝑗 1

] [
0

𝑗

√2

𝑗√2 0
] [

1 0
𝑗 1

]                                      (4.1) 

     In (4.1), [
1 0
𝑗 1

]  is the ABCD matrix for the shunt open-circuited 𝝀/8 stub. The 

admittance of the shunt stub is 𝑌 = 𝑗 tan𝛽𝑙 = 𝑗. Therefore according to Fig. 4.5, the ABCD 

matrix is[
1 0
𝑗 1

] . Similarly, [
0 𝑗/√2

𝑗√2 0
]  is the ABCD matrix for the 𝝀/4 transmission 

line with the 1/√2 characteristic impedance because sin
2𝜋𝑙 

𝜆
= 1 and cos

2𝜋𝑙

𝜆
= 0. 

      The two structures in Fig. 4.2 and Fig. 4.3 can also be analyzed using the even and odd 

mode excitations. For the two structures in Fig. 4.2 and Fig. 4.3, the ABCD matrix should 
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be the same for both even mode and odd mode if we want the new design of HCFM to 

have the same function as a conventional design.  

     Due to the symmetry and similarity of the structure, we only need to compare the ABCD 

matrices of the two structures in the dashed-line boxes in Fig. 4.2 and Fig. 4.3, as shown 

in Fig. 4.6. 

 

(a) 

 

(b) 

Figure 4.6. Structure in the dashed-line box in (a) Fig. 4.2, and (b) Fig. 4.3. 
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     The ABCD matrix of a conventional HCFM shown in Fig. 4.6(a) in even mode is shown 

in (4.2).  

[
𝐴 𝐵
𝐶 𝐷

] = [
1 0
𝑗 1

] [
0

𝑗

√2

𝑗√2 0

] [
1 0
𝑗 1

] [

0 𝑗𝐾01

𝑗

𝐾01
0

] [
0 𝑗
𝑗 0

] = [

𝐾01

√2

−𝑗

√2𝐾01

−√2𝑗𝐾01 0

] (4.2) 

where [
0 𝑗𝐾01

𝑗/𝐾01 0
] is the ABCD matrix for the input coupling, and [

0 𝑗
𝑗 0

] is the ABCD 

matrix for the 𝝀/4 waveguide with the impedance Z0=1. 

     The ABCD matrix of the new design of HCFM shown in Fig. 4.6(b) in even mode is 

shown in (4.3). 

[
𝐴 𝐵
𝐶 𝐷

] = [
1 0
𝑗 1

] [

0 𝑗𝑍1

𝑗

𝑍1
0

] [

0 𝑗𝐾01
′

𝑗

𝐾01
′ 0

] [
0 𝑗
𝑗 0

] [
1 0

𝑗𝐾02 1
] =

[
 
 
 
 
𝑍1𝐾02

𝐾01
′

−𝑗𝑍1

𝐾01
′

−𝑗𝐾01
′

𝑍1
0

]
 
 
 
 

 (4.3) 

where  [
0 𝑗𝑍1

𝑗/𝑍1 0
]  is the ABCD matrix for the L1=𝝀/4 transmission line with the 

characteristic impedance Z1, [
0 𝑗𝐾01

′

𝑗/𝐾01
′ 0

] is the ABCD matrix for the input coupling in 

the new HCFM, and [
1 0

𝑗𝐾02 1
] is the ABCD matrix for the coupling section between two 

bandpass filters in even mode. The K02 section can be seen as a L2=𝝀/4 long transmission 

line with characteristic impedance K02. In the even mode, the transmission line is open-

circuited in the middle and the admittance of 𝝀/8 open-circuited stub is 𝑌 =

𝑗𝑍 tan𝛽𝑙 = 𝑗𝐾02 ∗ 1 = 𝑗𝐾02. According to Fig. 4.5, the ABCD matrix is [
1 0

𝑗𝐾02 1
]. 

     For the ABCD matrices in (4.2) and (4.3) to be the same,  
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𝐾01
′ = √2 ∗ 𝑍1 ∗ 𝐾01                                                         (4.4) 

𝐾02 = 𝐾01
2                                                                 (4.5) 

where Z0 is normalized to be 1, K01 is the filter input coupling in the conventional structure, 

𝐾01
′  is the filter input coupling in new structure, and K02 is the inter-resonator coupling 

between two filters. Z1 is the characteristic impedance of the branch between port 1 and 2 

of coupler in the new structure. 

     As shown in (4.4) and (4.5), if Z1 is also set as 1, we need to enlarge the input coupling 

by √2. In addition, the coupling K02 equals to 𝐾01
2.  

     We also apply these values to the ABCD matrices of the two structures under odd mode 

excitations. The ABCD matrix of a conventional HCFM shown in Fig. 4.6(a) in odd mode 

is shown in (4.6).  

[
𝐴 𝐵
𝐶 𝐷

] = [
1 0
−𝑗 1

] [
0

𝑗

√2

𝑗√2 0

] [
1 0
−𝑗 1

] [

0 𝑗𝐾01

𝑗

𝐾01
0

] [
0 𝑗
𝑗 0

] =  

[
 
 
 
 
−𝐾01

√2

−j

√2𝐾01

−𝑗𝐾01

√2

−1

√2𝐾01]
 
 
 
 

 (4.6) 

     In (4.6), [
1 0
−𝑗 1

] is the ABCD matrix for the shunt short-circuited 𝝀/8 stub, the 

admittance of the shunt stub is Y = −j tan𝛽𝑙 = −𝑗. According to Fig. 4.5, the ABCD 

matrix is[
1 0
−𝑗 1

] . 

     The ABCD matrix of the new design of HCFM shown in Fig. 4.6(a) in odd mode is 

shown in (4.7). 
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[
𝐴 𝐵
𝐶 𝐷

] = [
1 0
−𝑗 1

] [
0 𝑗
𝑗 0

] [

0 𝑗𝐾01
′

𝑗

𝐾01
′ 0

] [
0 𝑗
𝑗 0

] [
1 0

−𝑗𝐾02 1
] =

[
 
 
 
 

−𝐾02

𝐾01
′

−j

𝐾01
′

j𝐾02

𝐾01
′ − 𝑗𝐾01

′
−1

𝐾01
′ ]

 
 
 
 

(4.7) 

     In (4.7), [
1 0

−𝑗𝐾02 1
] is the ABCD matrix for the coupling section between two 

bandpass filters in odd mode. The admittance of 𝝀/8 short-circuited stub is 𝑌 =

−𝑗𝑍 tan𝛽𝑙 = −𝑗𝐾02 ∗ 1 = −𝑗𝐾02. According to Fig. 4.5, the ABCD matrix is [
1 0

−𝑗𝐾02 1
]. 

     The two ABCD matrices are also proven to be equal when (4.4) and (4.5) are satisfied.  

     In other words, the new structure will then have the same responses as a conventional 

design when (4.4) and (4.5) are satisfied. 

      Next step is to implement the concept in different cavity resonator filter technologies.     

We build the circuit model in ADS and the 3D structure in EM simulator, HFSS. The design 

process of the HCFM follows similar steps as described in the previous chapter. The circuit 

model in ADS serves as a coarse model and the 3D structure built in HFSS serves as the 

fine model. The parameter exaction techniques, such as those used in space mapping 

optimization, is used to aid the optimization of the dimensional parameters.  

     For coupler in the new HCFM structure, Z0 and Z1 are the characteristic impedance of 

the branches. In order to simulate the coupler structure more accurately and efficiently in 

the circuit model, the three-branch coupler can be divided into two symmetric T-junctions 

as shown in Fig. 4.7. Each T-junction can be realized using an E-plane or H-plane 

waveguide junction, or coaxial transmission line junction. The junction is EM simulated 

and built into the circuit model. 
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     The initial values for L1 is 𝝀/4, L2 is 𝝀/4, 𝐾01
′  is√2 ∗ 𝐾01, and 𝐾02  is 𝐾01

2. Z0 and Z1 can 

both be set as 1 for simplicity. Note that Z1 may be assigned other values if needed. For 

example, if Z1 =1.2 instead, 𝐾01
′ = 1.2 ∗ √2 ∗ 𝐾01 . L1 and L2 can also be assigned different 

lengths to make the design physically realizable. Furthermore, it can be shown that when 

the distance between two filters, L2, changes by half wavelength, the responses remain the 

same if the coupling between two filters, K02, is changed to -K02. These characteristics 

make the new design of HCFM very flexible in practical implementation.  

 

Figure 4.7. The three-branch coupler consisting of two T-junctions. 

     In the next part of this chapter, the new design concept is demonstrated in four different 

cases. Implementation of the new HCFM is realized using waveguide filters, dielectric 

resonator filters, and coaxial cavity filters. These three types of filters are the most 

frequently used cavity resonator filters in wireless and satellite applications. Moreover, the 

coupler structure in the design can take the forms of E-plane waveguide junction, H-plane 

waveguide junction, and coaxial transmission line junction.   
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4.2 Case 1: 3-pole Filter HCFM with Center Frequency 

Tunable from 12~12.4 GHz 

      

     In the first design, the branch lines of the coupler and the filters are implemented using 

rectangular waveguide. By adding a waveguide iris between two resonators, we can 

achieve the inter-resonator coupling between two filters. 

     We built the two 3-pole passband filters and the branch lines using the half-height WR-

75 waveguide. Each resonator of the filters operates at TE102 mode.  

     The structure of the T-junction shown in Fig. 4.7 is built using an H-plane rectangular 

waveguide T-junction as shown in Fig. 4.8. 

 

Figure 4.8.  Structure of an H-plane rectangular waveguide T-junction. 

     As we know, the ideal 3dB coupler in the conventional design can divide the power 

inserted from port 1 equally into port 2 and port 3. However, with the existing waveguide 

T-junction, the power entered from port 1 cannot be divided equally to port 2 and port 3, 

which causes difficulty in the optimization to realize the ideal responses in the circuit 

model. 
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     The problem is solved by adding an extra metal post at the center of the waveguide T-

junction as shown in Fig. 4.9. By optimizing the size of the metal post, the equal power 

output between port 2 and port 3 can be realized. For S parameters of the T-junction with 

the metal post, S21 is equal to S31 and S11 is equal to S33. The S parameters of the T-junction 

in Fig 4.9 is shown in Fig. 4.10. 

 

Figure 4.9. Waveguide T-junction with an extra metal post. 

 

Figure 4.10. S parameters of the T-junction with an extra metal post. 

     In the design process of a new HCFM, we first optimize the design parameters in the 

coarse model in ADS to satisfy the original requirements. The circuit model of the part 
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before first waveguide resonator for the new HCFM structure is shown in Fig. 4.11. The 

T-junctions are EM simulated in HFSS in order to have more accurate results. The 

waveguide branch line of the coupler and the waveguide resonators are all simulated using 

S-parameters of waveguide transmission lines. Coupling sections are represented in ABCD 

matrices, which include the input/output coupling, the inter-resonator coupling in single 

filter and the coupling between two filters. The two identical bandpass filters are built using 

two ideal 3-pole rectangular waveguide filters. 

     In the ADS, we set the distance between two filters, which is also the length between 

port 1 and port 4 in a 3dB coupler, as L2, and the length of branch between port 1 and port 

2 in a 3dB coupler as L1. L2 needs to be larger than the width of the waveguide, which is 

0.75in, to make the design physically realizable. The inter-resonator coupling is set as K02. 

All characteristic impedances of the transmission lines are set as 1 in the circuit model. As 

a result, we need to enlarge the input/output coupling by √2. After tuning the length of L1, 

L2 and the coupling between two filters K02, we can realize the required S parameters. These 

parameters serve as the optimal coarse model in our design process. 

     Next, the two identical 3-pole waveguide filters are firstly optimized in HFSS following 

the same design process of a 3-pole dielectric resonator filter in chapter 3. The initial size 

of the waveguide iris for coupling between two filters K02 can be calculated using a two-

coupled resonator structure in HFSS. Two resonators are identical and each of them is from 

the two filters. The coupling K02 can be calculated by the two resonant frequencies fe and 

fm from eigenmode simulation in HFSS as follows: 

𝐾02 =
(𝑓𝑒

2 − 𝑓𝑚
2)

(𝑓𝑒
2 + 𝑓𝑚

2)
                                                                  (4.8) 
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     The initial values for the lengths of the coupler branches can be set as L1 and L2 from 

the optimal coarse model in ADS.  

    After tuning the length of the branch lines and also the coupling between two filters, we 

can achieve the HCFM function in our new design both in ADS and HFSS. The optimal S 

parameters in ADS are shown in Fig. 4.12. The structure of the HCFM in EM simulator, 

HFSS, is shown in 4.13 and the S parameters from HFSS after tuning are shown in Fig. 

4.14. 

 

Figure 4.11. The circuit model of the part before first waveguide resonator for the new 

HCFM structure. 
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Figure 4.12.  S parameters in ADS of the HCFM with 3-pole filters operating at 12.46GHz.  

 

     The center frequency of the HCFM is at 12.46GHz and the bandwidth is 85MHz. The 

height of the cavities is 0.1875in, which is half height of the WR-75 waveguide. The L1 in 

HFSS is 0.8in and L2 in HFSS is 1.96in. In HFSS, L2 is the distance between the centers of 

the two filters. L1 is the length of the waveguide from center of the T-junction to the input 

coupling iris.  The L1 in ADS is 0.898in and L2 in ADS is 1.96in. 𝐾01
′  is 0.258 in ADS and 

K02 is 0.031 in ADS.   

     As shown in the Fig 4.12 and Fig. 4.14, the S21 and S11 are below -18dB over the entire 

frequency range of interest. The S31 and S41 function as the S21 and S11 in a single filter. In 

conclusion, with inputs at port1 and the port 2 terminated with matched load, the out-of-
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band channels will emerge from port 4 and the in-band channel will emerge at port 3. We 

achieve the HCFM function successfully with the new design of HCFM. 

 

 

Figure 4.13. Structure of the HCFM realized with two 3-pole waveguide filters in HFSS. 

      

     The structure of the new design of HCFM achieves more than 30% reduction in size 

compared to the conventional HCFM. In conventional designs of the HCFM, we need to 

extend the waveguide coupler on both sides of the structure shown in Fig. 4.13.   

L1 

L2 
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Figure 4.14. S parameters in HFSS of the HCFM realized with two 3-pole waveguide filters 

operating at 12.46GHz. 

Tunability of the new HCFM design 

    Next, we demonstrate the tunability of the new HCFM design. Tuning screws have been 

widely used to adjust filter responses [60-61]. By adding screws in both cavity resonators 

and waveguide couplers in the structure in Fig. 4.13, the center frequency can be tunable 

in the physical model.  

     The structure of the new HCFM with tuning screws in HFSS is shown in Fig. 4.15. We 

put two screws in each waveguide resonator of the two filters for tuning of the filter center 

frequency. And four screws are put in each coupler structure to tune the electrical lengths 

of each waveguide section. The dimeter of the screws in our design is 0.086in, and the 

lengths of the screws are tuned. In this case, the center frequency changes from12.46GHz 
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to 12.08GHz. The S parameters of the 3-pole filter HCFM with tuning screws are shown 

in Fig.4.16. Moreover, S31 and S41 figures in two structures are compared in Fig.4.17.  

     As shown in Fig 4.16, we can still achieve the HCFM function in our design. The center 

frequency is at 12.08GHz and the band width is still 85MHz. Only the S11 figure becomes 

slightly worse in the right side of the passband, which can be improved by adding tuning 

screws in the coupling irises as well. In conclusion, we achieve the tunability of the new 

design of HCFM by adding several tuning screws in the cavity resonator and waveguide 

coupler.   

 

 

Figure 4.15. Structure of a 3-pole filter HCFM with tuning screws in HFSS. 
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Figure 4.16. S parameters for a 3-pole filter HCFM with tuning screws in HFSS. 

  

Figure 4.17 Comparison of S parameters for the two structures with and without tuning 

screws, showing the tuning range of the center frequency from12.46GHz to 12.08GHz. 
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     The structure can be fabricated by dividing it into two parts: the main structure and the 

lid with tuning screws on it. The 3D structures for fabrication are shown in Fig. 4.18(a) and 

(b). The Fig. 4.18(a) shows the main structure without the lid on the top. It can be machined 

using copper or silver. The Fig. 4.18(b) shows the structure of the HCFM with tuning 

screws showing on the lid. 

 

 

(a) 
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(b) 

Figure 4.18. (a) The 3D view of the structure without the lid, and (b) the 3D view of the 

structure with tuning screws showing on the lid. 
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4.3 Case 2: 5-pole Filter HCFM Centered at 17.4 GHz 

     In case 2, we design a 5-pole filter HCFM with a relatively large bandwidth. 

 

 

Figure 4.19. Structure of the HCFM with 5-pole filters in HFSS. 

 

     The structure of the HCFM realized with two 5-pole waveguide filters is shown in Fig. 

4.19. Two 5-pole rectangular waveguide filters are used in the design, the center frequency 

for one single filter is 17.4GHz and the band width is 700MHz. The coupler in the design 

is built by two H-plane waveguide junctions. 

     The two 5-pole passband filters and the branch lines are built using WR-51 waveguide. 

Each resonator of the filters operates at TE101 mode.  

     The circuit model built in ADS and the S parameters in ADS are shown in Fig. 4.20 and 

Fig. 4.21. 

 

L1 

L2 
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Figure 4.21. S parameters of the HCFM with 5-pole filters in ADS. 

 

     The EM simulated S parameters of the HCFM with 5-pole filters are shown in Fig. 4.22, 

showing a center frequency of 17.4 GHz and a bandwidth around 700MHz. The L1 in HFSS 

is 0.522in and L2 in HFSS is 0.55in. In ADS, the L1 is 0.66in and L2 is 0.52in. 𝐾01
′  is 0.743 

and K02 is 0.272.   

      As we can see in Fig.4.21 and Fig 4.22, the S11 from both ADS and HFSS is below -10 

dB instead of -20 dB. This happens when we want to achieve a large bandwidth with the 

structure. This limitation needs further investigation and the S11 needs further tuning.  
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Figure 4.22. EM simulated S parameters of the HCFM with 5-pole filters using HFSS. 

     Another finding is that when we terminate one of the ports in HCFM with a short circuit, 

the results are not affected, as shown in Fig. 4.23. When port 2 in a HCFM is terminated 

with a short circuit, the S parameters in ADS are shown in Fig. 4.24. As we can see, the 

S11, S31 and S41 remain the same as in Fig. 4.21. When port 4 in a HCFM is terminated with 

a short circuit, the S parameters in ADS are shown in Fig. 4.25. The S21 and S31 remain the 

same as in Fig. 4.21, the S11 is the same as S41 in Fig. 4.21, which means the out-band 

signals will emerge from port 1 in this situation. 
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Figure 4.23. Structure of the HCFM with port 2 terminated with a short circuit. 

 

Figure 4.24. S parameters of the 5-pole filter HCFM in ADS with port 2 terminated with a 

short circuit. 
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Figure 4.25. S parameters of the 5-pole filter HCFM in ADS with port 4 terminated with a 

short circuit. 

 

4.4 Case 3: Design of HCFM with E-plane Junction  

     Designs in case 1 and case 2 all use the H-plane waveguide junctions to achieve the 

coupler branch lines. We can also use the E-plane T-junction in the design. The structure 

of an E-plane T-junction is shown in Fig 4.26. It is also built using the half height WR-75 

waveguide as in case 1. 
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Figure 4.26. E-plane T-junction.  

     The circuit model built in ADS for the HCFM with E-plane T-junction is almost the 

same as the HCFM built with H-plane T-junctions. The only difference is the EM simulated 

T-junction.   

     As discussed earlier, when the distance between two filters, L2, changes by half 

wavelength, the sign of the coupling between two filters, K02, need to change, i.e. either 

from negative coupling to positive coupling or from positive to negative, so that the 

responses remain the same. 

     This characteristic of the new HCFM allows certain flexibility in the physical realization 

of the design. Two examples are built in HFSS using the E-plane T-junctions for 

demonstration, as shown in Fig. 4.27 and Fig. 4.28. The bandpass filters are 3-pole filters 

using half height WR-75 waveguides and each resonator operates at TE101 mode. The 

coupling section between two filters are realized by the irises. 
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Figure 4.27. Structure of the HCFM with 3-pole filters, E-plane junction and positive inter-

resonator coupling. 

 

 

 

Figure 4.28. Structure of the HCFM with 3-pole filters, E-plane junction and negative inter-

resonator coupling. 

 

L1 

L2 

L1 

L2 
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     The EM simulated S parameters of the two structures are shown in Fig. 4.29 and Fig. 

4.30. For the HCFM with positive coupling, the center frequency is at 12.415GHz and the 

band width is 70MHz. The L1 in ADS is 0.625in and L2 in ADS is 1.053in. 𝐾01
′  is 0.279 in 

ADS and K02 is 0.044 in ADS. The L1 in HFSS is 0.6in and L2 in HFSS is 1.053in. For the 

HCFM with negative coupling, the center frequency is also at 12.415GHz and the band 

width is 70MHz. The L1 in ADS is 0.625in and L2 in ADS is 0.438in. 𝐾01
′  is 0.279 in ADS 

and K02 is -0.044 in ADS. The L1 in HFSS is 0.6in and L2 in HFSS is 0.438in.   

     The distance between two filters, which is L2, are different by 𝝀/2 because the coupling 

between two filters change from positive sign to negative sign. For the structure in Fig 4.28, 

the sign of the coupling between two filters is negative, and the design is more compact. 

However, the structure is more complicated and more difficult to fabricate. For the 

structure in Fig. 4.27, the sign of the coupling between two filters is positive. The design 

is bulky. But the coupling section is easier to fabricate. 

 

Figure 4.29. EM simulated S parameters of the HCFM with E-plane junction and positive 

inter-resonator coupling. 
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Figure 4.30. EM simulated S parameters of the HCFM with E-plane junction and negative 

inter-resonator coupling. 

    

 

4.5 Case 4: Design of HCFM with Coaxial Transmission 

Line Coupler and Different Cavity Resonator Filters 

 

     The branch lines of the coupler can also be achieved by coaxial transmission line [62].  

In addition, the two identical filters in the HCFM can take forms of other cavity resonator 

filters, such as coaxial cavity filter and dielectric resonator filter. 

     We built the two 3-pole passband filters using two identical coaxial cavity filters. By 

opening irises and adding coupling wires in two resonators, we can achieve the inter-
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resonator coupling between two filters. The structure of the HCFM is shown in Fig 4.31. 

The coupler is realized using the coaxial transmission line junctions. 

 

(a) 

 

 

(b) 
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(c) 

Figure 4.31. Structure of the HCFM with 3-pole coaxial cavity filters and coaxial 

transmission line junctions: (a) perspective view, (b) side view, and (c) top view. 

 

 

Figure 4.32. EM simulated S parameters of the HCFM with 3-pole coaxial cavity filters 

and coaxial transmission line junctions. 

L1 

L2 
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       The EM simulated S parameters of the structure in Fig. 4.31 is shown in Figure 4.32. 

As can be seen, the structure achieves the function of an HCFM. The center frequency is 

at 1.6GHz, the bandwidth is 100MHz. The L1 in HFSS is 0.15in and L2 in HFSS is 2.08in. 

The L1 in ADS is 1.935in and L2 in ADS is 2.09in. 𝐾01
′  is 0.41 in ADS and K02 is 0.089 in 

ADS.   

     Another configuration of the HCFM is to use dielectric resonator filters. The coupler is 

also implemented using coaxial transmission lines. The structure is shown in Fig. 4.33. 

 

(a) 
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(b) 

 

 

 

 

(c) 

Figure 4.33. Structure of the HCFM with 3-pole dielectric resonator filters and coaxial 

transmission line junction (a) perspective view, (b) top view, and (c) side view.  

 

     The EM simulated S parameters of the structure in Fig. 4.33 is shown in Figure 4.34. 

As can be seen, the structure achieves the function of an HCFM. The center frequency is 

at 12.8GHz, and the bandwidth is 30MHz. The L1 in HFSS is 0.2in and L2 in HFSS is 0.32in. 
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The L1 in ADS is 0.23in and L2 in ADS is 0.32in. 𝐾01
′  is 0.104 in ADS and K02 is 0.0058 in 

ADS. 

 

Figure 4.34. EM simulated S parameters of the HCFM with 3-pole dielectric resonator 

filters and coaxial transmission line junctions. 

 

4.6 Summary 

 

     In chapter 4, we first introduce the design concept of a new HCFM structure. The even-

odd mode decomposition technique is used to prove that by using the inter-resonator 

couplings between two filters to replace one branch in a 3dB hybrid coupler, we can 

achieve the same responses of a conventional design and make the design of HCFM more 
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compact.  A number of examples are built both in ADS and HFSS. Implementation of the 

new design is realized using waveguide filters, dielectric resonator filters and coaxial cavity 

filters. Moreover, the coupler structure in the new design can take the forms of E-plane 

waveguide junction, H-plane waveguide junction, and coaxial transmission line junction.  

     It is demonstrated that using tuning screws in both cavity resonators and waveguide 

junctions, we achieve the tunability of the HCFM. In addition, one of the HCFM ports can 

be terminated in short circuit without affecting the results. It is further demonstrated that 

the responses of the HCFM remain the same if the distance between two filters changes by 

half wavelength, and at the same time the sign of the coupling between two filters changes, 

either from negative coupling to positive coupling or from positive to negative. Compared 

with conventional designs of HCFMs, all of the examples shown in this chapter achieve 

size reduction by decreasing the size of the couplers on both sides. 
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Chapter 5 

Conclusion and Future Work 

     In this thesis, two types of compact microwave filter designs based on cavity resonators 

are developed. 

     A compact design of dual-band filter is presented first. By adding additional posts in 

the irises of a dielectric resonator filter, an extra evanescent mode filter can be achieved. 

The design concept of this dual passband filter has been proved in this thesis.  The resulting 

filter is extremely compact, and the design method is straightforward. 

     In addition, a new design of HCFM is presented. We use the inter-resonator coupling 

between two filters to replace one branch in a 3dB hybrid coupler to make the design of 

HCFM more compact. Implementation of the new design is realized using waveguide 

filters, dielectric resonator filters and coaxial cavity filters. In all cases, the new structure 

preserves the responses of a conventional design. Moreover, by using tuning screws in both 

cavity resonators and waveguide junctions of the new design of HFCM, we achieve the 

tunability of the HCFM.   

     Some following aspects can be further investigated. 
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 Improve the spurious performance of the dual-band filter using DRF and 

evanescent mode filter; 

 Improve the S parameters when using the new designed HCFM in a wide-band 

application; and  

 Structures built in chapter 3 and chapter 4 can be fabricated and measured. 
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