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 Design narrow-band compact filters, based on high-quality waveguide-

dielectric resonators with anisotropic materials is the subject of this paper. 

Filter represents a segment of a rectangular waveguide rotated around the 

longitudinal axis of the waveguide 90 degrees and containing one or more 

dielectric inserts that completely fill the resonator along the narrow wall of 

the waveguide and partially along the wide one. A distinctive feature of the 

proposed filter is higher slope steepness of the amplitude-frequency 

characteristic, and high manufacturability in the centimeter range. The 

designed narrow-band filter satisfies contradictory requirements: it combines 

narrow bandwidth (≈ 0.1% of center frequency f0) with low passband 

insertion loss (≤ 1 dB). 
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1. INTRODUCTION 

Microwave filters for various purposes are widely used in radio and telecommunications, radar and 

radio navigation systems for military, aerospace and general use, measuring equipment [1]–[9]. Information 

transfer is carried out through telephone networks, computer data networks, satellite communication systems, 

cellular radio communication systems. The growth of information flows requires an increase in both the 

capacity of the channels and the speed of their transmission in the line. Fiber optic, infrared and microwave 

digital backbone data transmission channels have become widespread. Microwave channels are formed by 

centimeter and millimeter-wave radio-relay lines, which effectively service information flows in computer 

networks and mobile cellular networks. The technical characteristics of radio-relay stations are largely 

dependent on the electrical parameters of the used band-pass filters. For example, the number of stations 

required to overlap the span of a line depends on the insertion loss of filters, while the slope steepness of their 

amplitude-frequency characteristics will determine the noise immunity and packing density of channels on 

electromagnetic high-frequency carrier during reception and transmission of information. 

The variety of existing frequency - separative microwave devices indicates the ambiguity of solving 

of tasks assigned to them. Comparing the known microwave filters with a minimum of losses (with the same 

bandwidth or barrier), then it is possible to note, the waveguide filters have the best intrinsic quality factor 

[10]–[15]. This is explained by the fact that in the centimeter wavelength range, the waveguide (WR) and 

waveguide-dielectric resonators (WDR) [16]–[19] have the greatest natural quality factor. Waveguide filters 

have proven themselves in stationary equipment, where the requirements of minimum signal loss are more 

important than mass and dimensional parameters. However, for small-sized electronic equipment (used, for 

example, television systems, satellite communications and in aviation), decisive factors are weight and size 
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indicators. At the same time, the accumulated experience on the miniaturization of microwave filters allows 

us to conclude that the energy and mass-dimensional parameters are in conflict with each other. In the 

process of finding a compromise between these indicators, filters based on anisotropic dielectrics are 

proposed. The proposed filters are somewhat inferior in terms of mass and size parameters of microstrip 

filters [1], [2], [7], [10], but they have significantly lower initial bandwidth losses (the main drawback of 

microstrip filters is the low Q of the resonator elements (𝑄 ≈200-250), as a result of which narrow-band 

filters large initial losses in the passband). Waveguide-dielectric filters have a significantly higher quality 

factor Q. In addition, the waveguide-dielectric filters allow you to transmit high power (more than 100 watts 

in uninterrupted mode). A distinctive feature of the proposed filters is a high intrinsic quality factor 

(𝑄 >20,000), a rare spectrum of parasitic resonances, high the slope steepness of amplitude-frequency 

characteristics, and also high manufacturability in the centimeter range. 

 

 

2. RESEARCH METHOD 

The proposed high-quality waveguide-dielectric resonator is made on the basis of a leucosapphire 

insert in the ultraboundary waveguide for the wave Н10. At the same time, this segment of a rectangular 

waveguide with a dielectric is not ultraboundary for some orthogonal oscillations. The design of such a 

system (Figures 1, 2 and 3) is a segment of a standard waveguide with a cross section, but rotated around the 

longitudinal axis of the waveguide by 90 degrees (Figure 1). A monocrystalline insert (one or more) is 

installed in the center of this segment of a rectangular waveguide. Connection with the bringing waveguide 

duct is done by docking it with a segment of a rectangular waveguide so that their longitudinal axes coincide, 

and the wide walls of the waveguide segment with the dielectric are parallel to the narrow walls of the 

bringing waveguide duct.  

By turning the resonator through 90 degree, relatively to the waveguide H-plane (Figure 1), the Q-

factor can be significantly increased as compared with waveguide-dielectric resonators for which the Q-

factor is 5,000 [10]–[13], [16], [17]. This is due to the fact that the electric field near the metal is "drawn" 

into the dielectric. That, in turn, makes it possible to reduce the average loss power in the metal walls of the 

resonator. Such a filter satisfies contradictory requirements: it combines narrow bandwidth (≈ 0.1% of center 

frequency f0) with low passband insertion loss 𝛼0 (𝛼0≤ 1 dB). Figure 4 shows the amplitude-frequency 

characteristic (AFC) for the single-section filter (1) and for the two-section filter (2) (that were measured on a 

C4-60 spectrum analyzer). The two-section filter (Figure 3) differs from a single section filter (Figure 2) in 

that it has two similar dielectric samples and the length L is 12 mm longer (L = 42 mm) than the length of the 

single-section filter (L = 30 mm). An important filter characteristic is the squareness coefficient 𝐾𝛼𝑑𝐵 (or the 

slope steepness of amplitude-frequency characteristics) – the ratio of the bandwidth at the level 𝛼𝑠𝑡𝑜𝑝 to the 

bandwidth at the minimum loss level 𝛼0. As known the slope steepness of amplitude-frequency characteristic 

determines the noise immunity and packing density of channels during reception and transmission of 

information. The squareness coefficient of the developed two section filter is 𝐾−40𝑑𝐵 = 1.85 (Figure 4). This 

coefficient 𝐾𝛼𝑑𝐵 
corresponds to the squareness coefficient of a five section filter based on the traditional 

WDR [10], [11], [16]. This will reduce the mass and size of the waveguide-dielectric filters at least half. 

Also, the squareness coefficient of the developed two section filter is 1.3-1.8 times better than the squareness 

coefficient of microstrip filters with the same passband [1], [3], [7]. Besides the losses in the passband 𝛼0 for 

the microstrip filters are -2.5-3 dB [7]. 

 

 

  
  

Figure 1. The design of a two-section filter Figure 2. Single-section filter 
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Figure 3. Two sections filter Figure 4. AFC for the single section filter 

 

 

The main characteristics of the filters: 

- Resonant frequency f0, MHz    8500  

- Passband (on 1 dB level), MHz   9.5 

- Initial losses α0, dB     ≈0.9  

- Out-of-band suppression: 

- for two-resonator filter, dB   25 

- for three- resonator filter, dB   40 

- Frequency instability in the  

- temperature range -50 – +65oC, MHz   ±2 

- Mass, g      ≈100 

- Dielectric      leucosapphire 

 

 

3. RESULTS AND DISCUSSION 

In this paper, the issue of the technological effectiveness in the mass production of such filters is 

investigated: influence of the state of the waveguide surfaces and the dielectric insert, the choice of 

construction material, as well as the tolerances and adjustment. 

The influence of the material of the structure on the resonant wavelength (𝜆) and it’s intrinsic 𝒬-

factor (𝒬0). The comparison HQ WDRs based on the brass (=1.57107 S/m) waveguide section and copper 

(=5. 97107 S/m) waveguide section has been performed. The results showed that the material of the 

waveguide section has a significant impact on the 𝒬0-factor (𝒬0= 13500 for the brass sections; 𝒬0= 19300 for 

the copper sections) and practically does not affect the wavelength. Thus, the most suitable materials of 

waveguide sections are copper and silver. 

To investigate the influence of the dielectric, insert material, three inserts with the same geometric 

dimensions have been produced. Inserts were made of leucosapphire (𝜀= 9.2-11.6, 𝑡𝑔𝛿 = 510-6 [20]), 

crystalline quartz (𝜀= 4.6, 𝑡𝑔𝛿= 510-5 [20]) and fluoroplastic (𝜀= 2.2, 𝑡𝑔𝛿= (2-3)10-4 [20]). The results 

show a clear dependence of the intrinsic 𝒬0-factor from the material of the dielectric insert (𝒬0=5090 for 

fluoroplastic; 𝒬0=9740 for crystalline quartz; 𝒬0=21600 for leucosapphire). Therefore, it is necessary to 

select samples from crystalline materials. 

The question of the tolerance influence on the resonator parameters in the process of manufacturing 

and assembling has been investigated as well. The main assembling of the filter was in the correct installation 

of the dielectric insert into the waveguide section. A symmetrical arrangement of the dielectric inserts with 

respect to the side walls of the waveguide and flanges is optimum for obtaining the highest performance of 

filter. The displacement (L) of the insert relative to its symmetric position along the resonator length (L) 

(relatively to the flanges) was carried out (Figure 5 and 6). The insert was shifted and controlled with a 

watch-type position micrometer with an accuracy of 0.1 mm. The resonance frequency (curve 1 on Figure 5), 

the half-power bandwidth (f) (curve 2, Figure 5), HQ resonator loss on a frequency of resonance (Figure 6, 

curve 1) and Q values of the resonator (curve 2, Figure 6) were monitored. It can be seen from the diagrams 

that displacement of the dielectric sample from the central position along the longitudinal axis of the 
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resonator for a distance to 1 mm does not cause a noticeable change in the bandwidth of the resonator, 

resonant wavelength and attenuation on resonant wavelength. 

The displacement of the dielectric inserts from the optimal position perpendicularly to the longitudinal 

axis of the resonator (along the dimension b) was investigated. The diagram in Figure 7 shows the 

dependence of the resonant wavelength (а/) (curve 1) and the bandwidth (curve 2) on the displacement of 

the dielectric insert along the along the waveguide walls (b). The diagram (Figure 8) represents the change 

𝛼0 (curve 2), the loaded quality factor Ql (curve 3) and the intrinsic quality factor Q0 (curve 1) of the 

resonator.  

 

 

  
  

Figure 5. Dependence of the wavelength a/ and 

pass bandwidth f on the displacement L from the 

optimal position along the resonator length L 

Figure 6. Dependence of the attenuation α0 and Q 

values of the resonator on the displacement L from 

the optimal position along the resonator length 

  

  

  
  

Figure 7. Dependence of the wavelength a/ (curve 

1) and bandwidth f (curve 2) on b (along b 

dimension) 

Figure 8. The change 𝛼0 (curve 2), Q0 (curve 1) and 

Ql (curve 3) from b 

 

 

As can be seen, the displacement of the dielectric inserts from the symmetric position along the 

dimension b to the value b = 4.5 mm has little effect on the resonance wavelength, bandwidth, and Q-factor. 

Further displacement leads to a increase of initial loss 𝛼0 (by about 0.35 dB/mm) and decrease of the 

resonator intrinsic Q0 (by 3000/mm). Hence it follows that the effect of displacement of the dielectric insert 

towards the side walls of the wa veguide is insignificant. 

The studies carried out show that the developed filter should be technologically advanced during serial 

production. 

 

 

4. CONCLUSION  

Modern narrow-band compact filter, based on high-quality waveguide-dielectric resonator with 

anisotropic materials was designed. The designed filter satisfies contradictory requirements: it combines 
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narrow bandwidth with low passband insertion loss. It is achieved by increasing the intrinsic quality factor of 

the resonators to values of 20,000 and more in the 3-centimeter wave range. Such a high 𝑄0-factor as 

compared with traditional waveguide-dielectric resonators (for which the Q-factor is 5,000) provides a 90 - 

degree resonator turn relatively to the H-plane of waveguide and the use of monocrystal materials. A 

distinctive feature of the proposed filters is a high intrinsic quality factor, a rare spectrum of parasitic 

resonances (up to twice the operating frequency and higher), a high steepness of the slopes of the amplitude-

frequency characteristic, and also high manufacturability in the 3-centimeter wave range. 

The developed filter can be used: to solve the electromagnetic compatibility problems and 

compaction of information channels of satellite communication systems and television in the microwave 

range; in microwave generators with low noise level; in microwave receiver preselectors; and in measuring 

instrumentation. 
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