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Abstract – A novel mechanically tunable waveguide dielectric 
filter is presented in this paper. The resonant structure of the filter 
is made of a rectangular waveguide cavity and an H-plane 
dielectric cylinder cut in half. The resonating frequency of the 
proposed structure can be significantly changed by moving two 
split cylinder parts. The coupling matrix synthesis technique is 
used to create the required bandpass filter. A drawback of the 
proposed structure is that the tuning process invokes a mismatch 
between the feeding structure and the filter. To overcome this 
drawback, the tuning screws between the coupling irises are used. 
A filter with the proposed geometry has a large frequency tuning 
range as well as relatively constant passband bandwidth.  
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I. INTRODUCTION  
This article looks at waveguide resonator filters with 

inductive dielectric cylinders and dielectric in half cylinders, 
finds out the problems associated with the cylinder permittivity 
mismatch of the design parameters and a new design effective 
tunable filter is offered. 

Microwave filters are essential components of modern 
electronics and communication systems operating at 
microwave frequencies, and their role and applications are only 
growing [1], [2]. The development of microwave filter 
technology from an application perspective – military 
applications, satellite communications, cellular 
communications base stations, various filters and selective 
wide-band low-loss tunable waveguide filters required for 
cellular radio handsets – is essential for this purpose [3].  

Microwave filters began to be researched and used more than 
80 years ago. There are many studies and publications on the 
subject of microwave filters of various types and applications 
used in coaxial lines, waveguides, microstrip lines and as 
dielectric resonators. In most cases, filter characteristics are 
selected, such as Chebyshev, elliptic and pseudo-elliptic 
function, and a variety of generalized designs is used [4]–[7]. 
In the 1970s, when satellite and other modern communication 
systems began to develop rapidly, the requirements for 
microwave filter parameters increased, which gave rise to the 
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development of jet filter synthesis and calculation techniques. 
During the next decades there were two major advances in filter 
design: 1) advanced filtering functions incorporating built-in 
transmission zeros and, as a result, the reflex cross-coupled 
microwave filter which allowed for inter-resonator couplings 
between sequentially numbered resonators to be implemented 
[8]; 2) development of dual-mode technology for waveguide 
filters which include the development of the coupling matrix 
method and the propagating dual-mode waveguide 
configuration [9], [10]. A widely used general method for the 
synthesis of the folded configuration, coupling matrix for 
Chebyshev or other filtering functions of the most general type 
is presented and developed in [11]–[13].  

The coupling matrix network synthesis method, its 
development and application are briefly described in an 
excellent review [14]. Several modern and widely used methods 
to design a wide variety of microwave filters in various 
technologies have been developed in recent decades [15]–[19].  

The aforementioned theories and techniques are widely used, 
as well as specially developed CAD-prone methods. Various 
CAD methods are used to calculate the microwave filter and 
optimize its parameters [20]–[22]. The space mapping method 
is widely used in microwave filter design [23], [24]. Paper [25] 
reviews the state of the art of the space mapping for modelling 
and design of engineering devices and systems, e.g., RF and 
microwave components, and this method is successfully 
applied in the design of microwave filters. Not only universal 
software tools for 3D electromagnetic field simulation such as 
CST and HFSS can be used for filter calculations, but also 
specialized software directly developed for waveguide filter 
calculations is offered in [26].  

Nowadays, advanced communication systems request for 
miniaturization and size reduction and, therefore, waveguide 
filters with dielectric resonators of different shapes and 
locations are becoming increasingly popular despite the fact 
that their practical implementation is not convenient. 
Calculations have been made for filters with dielectric cylinders 
so that their axes are not parallel to the waveguide wall planes 
[27], [28]. Easier-to-produce, high-performance waveguide 
filters with H-plane cylindrical posts are still in widespread use. 
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Waveguide filters with dielectric cylindrical posts can be 
implemented in different ways and here the use of waveguide 
dielectric resonator filters is more popular now [29], [30]. Many 
special H-plane dielectric filter calculation methods have also 
been developed that provide a solution faster than universal 
programming tools [31]–[33], which is especially important 
when looking at filters reacting to changes in the dielectric 
resonator parameters used in their design. 

However, none of the above-mentioned publications and 
many others give an analysis of the variations in the design 
parameters of the filters if the actual permittivity of the 
dielectric cylinders differs from the assumed one despite the 
fact that the dielectric product manufacturers allow for 
uncertainty in the permittivity values [34], [35].  

However, calculations and experiments carried out show that 
even relatively small uncertainty in the permittivity values 
makes a significant difference between the calculated and real 
(experimentally measured) filter characteristics. This fact is 
also recorded in the article [36] which states that “the measured 
response of Chebyshev ceramic waveguide filter designed in 
Section 4 needs tuning to mitigate the effects of material 
discrepancies and physical dimension tolerances”. The article 
[37] clearly states that “designers should always think about 
minimizing production labour, considering manufacturing 
tolerances possibly as a trade-off against tuning time and 
recognizing that availability of skilled labour is more than 
simply a cost but rather a constraint on delivery rate”. 

It has to be concluded that a filter without the intended 
turning and matching capabilities is only theoretically good, but 
will not be used in practice. 
Tuning filters and tuning methods are offered and implemented 
and tuning screws are commonly used as tuning elements [2], 
[21], [38]. 

Each tuning screw affects not only the element value it is 
supposed to, but also the all network elements nearby and the 
optimal and effective tuning must be carefully calculated [39]. 
In fact, many manufacturers offer customizable filters, but 
tuning the filters requires good professional skills [40], [41] and 
more accurate manufacture of a microwave filter is more than 
desired, but it is very expensive and often impracticable, as well 
as the tuning process is time consuming and inexpensive [42]. 
The procedures offered for accurate tuning of the filters are 
mainly based on tuning screws, which are, as a rule, computer-
aided, complicated [42]–[44] and there is no further information 
on their application. The tuning procedures are described in 
detail only in article [24], and the proposed procedure are also 
applicable to any microwave filter that includes tuning 
elements. 

This article presents a new design of the tunable waveguide 
filter with half-slit H-plane dielectric cylinders, which are 
placed as shown in Fig. 1a. The resonance frequency of split 
cylinders varies within a relatively wide range, if the distance 
between the half-cylinders is changed, which was reported in 
[45] and that is why a filter cell with two half-cylinder 
resonators (HCR) was chosen as the prototype of a tunable 
filter. 

The design of such a HCR filter was chosen because 
calculations showed that a filter made of cylindrical resonators 
(Fig. 1a) could not be adjusted if the permittivity of the 

dielectric cylinders deviated from the nominal value limit 
specified by the manufacturer and assumed in the filter 
calculations.  

In the proposed design, the main tuning is done by changing 
the geometric dimensions of the dielectric resonators (distance 
between the half-cylinders) and the tuning screws are an 
additional alignment element that provides the alignment of 
better matching. 

The design of the filter proposed here allows the filter tuning 
to be carried out over a much wider range of parameters 
compared to traditional methods with only tuning screws, 
which are often insufficient when the permeability of the 
dielectric portions of the filter differs from the estimated one, 
which is a common practice. 

II. DIELECTRIC RESONATOR 
In the first step, the filter with dielectric cylinder resonators 

[22] with permittivity εr = 10.0 (Fig. 1a) was designed. The 
filter parameters were chosen as follows: filter order N = 4; 
centre frequency 0 1.86f = GHz, and fractional bandwidth  
FBW = 1 %. The N+2 coupling matrix method [12] was used, 
and all the parameters were found using eigenmode solver 
provided by CST Studio Suite and the methodology described 
in [1]. It was found that if the actual permittivity of the dielectric 
cylinders differed in a relatively small range, for example, 
εr = 10.0 ± 0.3 the centre frequency changes would be 
unacceptable. However, it must be respected that the dielectric 
product manufacturers allow for uncertainty in the permittivity 
values [34], [35], and this circumstance must be taken into 
account in the filter design. The widespread method of tuning 
such filters using tuning screws [2], [43] failed to match this 
filter to the selected 0f .  

To obtain additional tuning capabilities instead of using a 
cylinder as a resonating element, we investigated the additional 
capabilities of a filter whose dielectric resonators were formed 
from half-split dielectric cylinders (HSC) arranged as shown in 
Fig. 1b. 

Calculation of the resonator from HSC shows the resonating 
frequency of the waveguide TE10 mode for different distance s 
between half-cylinders, permittivity of cylinder halves and 
radius of cylinder halves (Fig. 2 and Fig. 3). In calculations, the 
cavity dimensions chosen are 50.8 mm × 51.5 mm × 50.8 mm, 
designed radius of the cylindrical halves r was accepted r = 10.0 
mm and relative dielectric permittivity  
εr = 10.0.  

 

 
Fig. 1. Conventional dielectric cylinder resonator structure (a) and half-split 
dielectric cylinder resonator structure (b). 
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Fig. 2. Resonant frequency of TE10 mode as a function of separation between 
half-cylinders for different relative dielectric permittivity of cylinder.  

 

 
 

Fig. 3. Resonant frequency of TE10 mode as a function of separation between 
half-cylinders for different radius of the cylinder.  

 
As it is shown in Fig. 2 and 3, the change in resonant 

frequency of the filter cavity introduced by a small change in 
design parameters (a manufacturing error) would be damaging 
in a final filter design. Figures 2 and 3 also show that the design 
with HSC makes possible to tune the cavity to a different 
resonating frequency by changing the distance between 
cylinder halves S. 

In this paper, the HSC dielectric filter system is proposed to 
create a tunable bandpass filter, in which the filter bandpass 
frequency can be adjusted by changing the distance between the 
cylinder halves s because such a design makes it possible to 
change the resonant frequency within a relatively large range. 

III. FILTER DESIGN 
In order to test our assumption about the possibility of 

creating a tunable bandpass filter, we calculated a narrowband 
coupled resonator bandpass filter employing split cylinder 
resonators.  

The filter was designed based on the N+2 coupling matrix 
method [12], and all the necessary parameters were found using 
Eigenmode solver provided by CST Studio Suite and the 
methodology described in [1].  

Next a brief outline of the N+2 coupling matrix synthesis 
procedure will be given. The synthesis procedure is based on 

the fact that the transfer and reflection functions of the filter can 
be expressed as a ratio of two N-th degree polynomials 
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where RL is the prescribed return loss of the filter. 
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where nω is the position of the thn transmission zero. Since we 
are only concerned about the pass filter, all transmission zeros 
are placed at infinity nω →∞ . Next task is to find the 
polynomial coefficients for polynomials ( )NF ω  and ( )NE ω . 
This can be done by employing a recursive technique described 
in detail in [11].  

Next step in generating the N+2 coupling matrix is the 
derivation of the admittance matrix NY  for the filtering network 
described by scattering parameters (1) and (2).  
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where the term ( )dy ω is a common denominator for all the 
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ie  and if , 0,1, 2, 3, ...,i N= are the complex coefficients of 
( )E s and ( )F s polynomials, respectively. 
Now the residues 21kr and 22kr  0,1, 2, 3, ...,k N= of 

polynomials 21( )y s and 22 ( )y s can be found with the partial 
fraction expansion and the eigenvalues kλ of the filtering 
network obtained by rooting the denominator polynomial 

( )dy s  [12]. Expressing this in matrix form yields the following 
expression for the admittance matrix 
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where the constant 0 0K = except for the case when the filter 
order is equal to the number of transmission zeros. 

Now the admittance matrix is known, the synthesis of N+2 
coupling matrix can begin. The general N+2 coupling matrix 
comes in the form of Table I. 

TABLE I  
GENERAL N+2 COUPLING MATRIX  

 S 1 2 … k … N L 
S  1SM  2SM   SkM   SNM  SLM  
1 1SM  11M       1LM  
2 2SM   22M      2LM  
…    …    … 
k kSM     kkM    kLM  
… …     …  … 
N NSM       NNM  NLM  
L LSM  1LM  2LM  … LkM  … LNM   

 
where S – source,  L – load, SLM – source–load coupling, 

,Lk kLM M=  ( 1, 2, ..., ),Sk kSM M k N= =  ,kk kM = −λ

22Lk kM r= , 21k
Sk

Lk

r
M

M
= . 

Since every coupling matrix entry describes a physical 
coupling between source–load, source/load–resonator or 
resonator–resonator, this matrix representation is very 
impractical for real life applications because the physical filter 
would have to have geometry that realizes all the necessary 
couplings. To overcome this drawback, a number of similarity 

transforms can be employed to transform the coupling matrix 
into folded form as detailed in [11]. 

The folded form representation is much more convenient for 
physical filter realization since it utilizes a minimal number of 
coupling elements in order to achieve the necessary scattering 
parameters. 

Next the calculation of microwave filter with HSC resonators 
is outlined. The filter parameters were chosen as follows: filter 
order N = 4; centre frequency 0 1.86=f  GHz, fractional 
bandwidth FBW = 1 %. The relative dielectric permittivity of 
the resonators was chosen to be rε = 10.0. 

In order to design the proposed filter using CST, first the 
filter cavity dimensions need to be chosen as well as the 
separation between cylinder halves. Then the resonating 
frequency of the filter cavity needs to be calculated as a function 
of cylinder radius (Fig. 4). Finally, the radius of the cylinder 
halves is chosen so that the cavity resonates at the centre 
frequency of filter passband. 

 

a) 

 
b) 

Fig. 4. Filter cavity (a) and its resonant as a function of cylinder radius. εr = 10.0, 
s = 10 mm and waveguide cavity dimensions are 
50.8 mm × 51.5 mm × 50.8 mm. 
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needs to be determined. We chose to use the coaxial feeding 
probe in order to excite the filter as shown in Fig. 5. The 
calculations were made by choosing the probe location px and 
py and adjusting the probe depth hp until we obtained the  
desired exQ . 

Finally, we need to find the coupling coefficients between 
adjacent resonators. In order to introduce coupling between 
resonators, a coupling iris of thickness t and with w is inserted 
between resonators as shown in Fig. 6. Then the coupling 
coefficients are calculated using Eigenmode solver and 
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 by changing the widths of the coupling 

irises until the needed coupling coefficients are found based on 
the synthesized coupling matrix. Frequencies mf and ef
correspond to resonating frequencies of resonators as shown in 
Fig. 6a. 

 

a) 

 
b) 

Fig. 5. Geometry used to determine Qex (a) and its value as a function of coaxial 
feeding probe depth. Coaxial probe is located at px = 10.54 mm, py = 10.54 mm. 

 
 

a) 

 
b) 

Fig. 6. Geometry used to determine coupling coefficients (a) and coupling 
coefficients of the filter cavity as a function of iris with w. Iris thickness 
t = 3.81 mm. 

After choosing the right filter dimensions, we optimized the 
filter using CST trust region optimization scheme. Final filter 

geometry is shown in Fig. 7 with values listed in Table II. Filter 
S-parameters are shown in Fig. 8. 

 

 
Fig. 7. The proposed filter geometry. 

 
TABLE II 

DIMENSIONS FOR THE FILTER, OPTIMIZED WITH CST TRUST REGION SCHEME 
Cavity dimensions, mm 50.8 × 51.5 × 50.8 

r1 = r4, mm  11.63 
r2 = r3, mm  11.82 

s1 = s2 = s3 = s4, mm  10.00 
w1 = w2, mm  26.93 

w3, mm  28.52 
εr 10.00 

px, mm 10.54 
py, mm 10.54 
hp, mm 26.89 

 

 
Fig. 8. S-parameters of the proposed filter. 

 
Next we checked what would happen if the relative dielectric 

permittivity of the resonators was shifted within the margin of 
error claimed by the manufacturers [34], [35]. We took the 
original filter design (Figs. 7 and 8) and changed the relative 
dielectric permittivity of the resonators by +/− 10 % and   
+/− 1 %. 

Figure 9a shows the original filter reflection loss when 
r 10.0ε = as well as the reflection loss of the filter when the 

relative dielectric permittivity is changed by +/− 10 %. Figure 
9b shows the same thing, only the relative dielectric permittivity 
shift is +/− 1 %. 

From Fig. 9a we see that the filter passband has shifted by 
more than 100 MHz, which is unacceptable in real world 
applications. In Fig. 9b, the shift is substantially smaller, but 
still the frequency shift would render this filter unusable. 

Next, we examined what would happen when the distance 
between the cylindrical parts was changed. In the original 
design (Fig. 7), we chose a constant distance between the 
cylinders equal to 10 mm. In Fig. 10, we show S11 when 
changing this distance. 
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As Fig. 10 suggests, this type of structure offers a large 
tuning bandwidth as well as a relatively constant filter 
bandwidth, which is desirable in many filter applications. A 
drawback of this type of structure is that the tuning process 
invokes a mismatch between the feeding structure and the filter. 
To overcome this drawback, an additional tuning mechanism 
needs to be introduced. 

 
a) 

 
b) 

Fig. 9. S-parameters of the proposed filter with ∆ε = +/− 10% from the original 
value (a) and S-parameters of the proposed filter with ∆ε = +/− 1 % from the 
original value (b). 

 
Fig. 10. S-parameters of the proposed filter for different distances between the 
cylinders. 
 

To accomplish this task, we decided to introduce tuning 
screws between the coupling irises as shown in Fig. 11. The 
screws were inserted in the middle of all the gaps between the 

waveguide wall and the coupling irises. The screw diameters 
were chosen equal to coupling iris thickness t. 

Figure 12 shows the coupling coefficient as a function of the 
tuning screw depth hs, for different distances between the 
cylinders. 

 

  
Fig. 11. Tuning screws for coupling coefficient adjustment. 

 
Fig. 12. Coupling coefficient as a function of the tuning screw depth. 

 
As the graph suggests, it is possible to change the coupling 

coefficient between the resonators by changing the depth of the 
tuning screws. It is worth noting that a change in coupling 
coefficient values starts to occur at certain depths of the tuning 
screws, so it is important to select an appropriate starting depth 
when designing the first iteration of the filter. 

Then we checked how the tuning screws would affect the 
resonating frequency of the filter cavities as well as the external 
quality factor Qex of the feeding structure. To check the impact 
on the resonating frequency, we created filter cavity shown in 
Fig. 13. One of the tuning screw depth in Fig. 13 was constant 
while we changed the depth of the other screw. Figure 14 shows 
the resonating frequency of TE10 mode when changing the 
depth of one of the tuning screws for different distances 
between cylinders. 

 

 
Fig. 13. The model used for estimating the resonant frequency in presence of 
tuning screws. 

From Fig. 14 we can conclude that, by changing the depth of 
the tuning screws, we change not only the coupling coefficients 
but also the resonating frequency. It means that in order to tune 
and match the proposed filter to the desired centre frequency we 
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have to adjust the spacing between the cylinders and the depth 
of the tuning screws simultaneously to achieve the best filter 
performance. 

 
Fig. 14. Tuning screw impact on the resonant frequency for TE10 mode. 

The impact on the filter Qex when changing the screw depth 
was examined using the filter cavity as shown in Fig. 15. The 
results are plotted in Fig. 16. 

 

Fig. 15. The model used for estimating Qex in presence of tuning screws. 

 
Fig. 16. Tuning screw impact on exQ for 10TE  mode. 

We can see that when the screw depth gets large enough, the 
Qex starts to change, which means that the proposed tuning 
mechanism can be used to change the filter bandwidth if 
necessary. 

IV. FINAL FILTER EVALUATION 
In this chapter, we demonstrate the performance of the 

proposed filter. We had to redesign the original filter shown in 
Fig. 7 in order to account for the tuning screws. The new filter 
is shown in Fig. 17. For the initial filter design we set a constant 
distance between the cylinders. Then by using the coupling 

matrix method and CST Eigenmode solver as well as 
optimization, we found the necessary cylinder radiuses, tuning 
screw depths and coupling iris widths to get the desired filtering 
function as shown in Fig. 18. The physical parameters of the 
filter are listed in Table III. 

 

  
Fig. 17. Geometry of the proposed filter with tuning screws. 

 

 
Fig. 18. S-parameters for the filter with tuning screws. 

 
TABLE III 

DIMENSIONS FOR THE FILTER, CONSIDERING TUNING SCREWS 
Cavity dimensions, mm 50.8 × 51.5 × 50.8 

r1 = r4, mm  11.8 
r2 = r3, mm  11.94 

s, mm  10.00 
w1 = w2, mm  21.00 

w3, mm 19.89 
hs1, mm  24.30 
hs2, mm 22.29 
hs3, mm 24.30 
px, mm 10.54 
py, mm 10.54 
hp, mm 26.84 
εr 10.00 

 

 
Fig. 19. S-parameters of the proposed filter with the centre frequency tuned to 
2 GHz. 
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Next, we checked if it was possible to tune this filter to a 
different centre frequency by changing only the distance 
between the cylinders and tuning screw depths. Figures 19 and 
20 show the optimized S-parameters when the filter is tuned to 
2 GHz and 1.8 GHz centre frequency by adjusting the distances 
between half-cylinders and the depths of the tuning screws, 
which are listed in Tables IV and V. 

TABLE IV 
DIMENSIONS FOR THE FILTER WITH THE CENTRE FREQUENCY TUNED TO 

2 GHZ 
s1, mm 16.30 
s2, mm 16.09 
s3, mm 16.06 
s4, mm 16.39 
hs1, mm 26.70 
hs2, mm 24.20 
hs3, mm 26.67 

 
Fig. 20. S-parameters of the proposed filter with the centre frequency tuned to 
1.8 GHz. 

TABLE V 
DIMENSIONS FOR THE FILTER WITH THE CENTRE FREQUENCY TUNED TO 

1.8 GHZ 
s1, mm 7.14 
s2, mm 7.24 
s3, mm 7.24 
s4, mm 7.14 
hs1, mm 24.12 
hs2, mm 23.30 
hs2, mm 23.86 

 
Then we checked what would happen if the relative dielectric 

permittivity of the resonators was shifted within the margin of 
error claimed by the manufacturers [34], [35]. We took the filter 
design shown in Figs. 17 and 18 and changed the relative 
dielectric permittivity of the resonators by ∆ε = +/− 3 % from 
the original value. 

Figure 21 shows the original filter reflection loss when the 
relative dielectric permittivity is εr = 10.0 as well as the 
reflection loss of the filter when the relative dielectric 
permittivity is changed to r Δ+ε ε  and r Δ−ε ε .  

We can see that a 3 % error in relative dielectric permittivity 
introduces an unacceptable frequency shift of the filter 
passband. This frequency shift can be compensated by adjusting 
the distances between the cylinders and tuning screw depths.  

 
Fig. 21. S-parameters of the proposed filter for different relative dielectric 
permittivity of the resonators. 

 
Fig. 22. S-parameters for the case when the relative dielectric permittivity of 
the resonators is changed by −3 %. 

 
Fig. 23. S-parameters for the case when the relative dielectric permittivity of 
the resonators is changed by +3 %. 

 
The results are shown in Figs. 22 and 23, where Fig. 22 

shows the filter when the relative dielectric permittivity is 
lowered by 3 % and the filter is tuned to resonate at its original 
centre frequency, and Fig. 23 shows the same for the case when 
the relative dielectric permittivity is increased by 3 %. The 
distances between half-cylinders and the depths of the tuning 
screws are listed in Tables VI and VII, respectively. 
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TABLE VI 
DIMENSIONS FOR THE FILTER WITH RELATIVE DIELECTRIC PERMITTIVITY 

LOWERED BY 3% 
s1, mm 8.85 
s2, mm 8.85 
s3, mm 8.857 
s4, mm 8.868 
hs1, mm 24.80 
hs2, mm 23.66 
hs3, mm 24.77 

TABLE VII 
DIMENSIONS FOR THE FILTER WITH RELATIVE DIELECTRIC PERMITTIVITY 

INCREASED BY 3% 
s1, mm 11.08 
s2, mm 11.07 
s3, mm 11.07 
s4, mm 11.11 
hs1, mm 24.67 
hs2, mm 23.83 
hs3, mm 24.67 

V. CONCLUSION 
In this paper, we have proposed the new geometric shape 

waveguide dielectric resonators – half-split dielectric cylinders 
with parallel slit planes. It has been shown that distance 
reduction between split planes allows for efficient adjustment 
of filters over a wide range of possible manufacturing errors. 

The tuning screws in this filter are used only as an additional 
element that provides the alignment of better matching. The 
design of the filter proposed here allows the filter tuning to be 
carried out over a much wider range of parameters compared to 
traditional methods with only tuning screws. 

Although the study has found evidence that split dielectric 
resonators in waveguide filters ensure effective filter alignment, 
such a design requires a precise additional device for tuning. In 
the future it is intended to study dielectric resonators, in which 
the resonant frequency is changed by rotating one of the 
resonator parts relative to the other. 
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